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REVIEW

INTRODUCTION
Fibromyalgia, recognized as a chronic syndrome distinguished 
by widespread musculoskeletal pain and significant fatigue, 
presents a complex clinical landscape that poses challenges 
to both patients and healthcare practitioners.1 The condition 
ensnares individuals within a labyrinth of diverse symptoms, 
encompassing sleep disturbances, autonomic dysfunctions, 
cognitive deficits, an exaggerated response to pain and other 
stimuli, somatic complaints, and concurrent psychiatric 
disorders.2,3 Among its hallmark features, widespread 
inflammation is prominently acknowledged in the literature as 
a pivotal factor exacerbating pain.4 This relationship establishes 
a pernicious cycle wherein increased pain discourages physical 
activity, leading to heightened sedentary behavior. Such 
inactivity exacerbates inflammation, perpetuating a cycle of 
pain and inflammation.5,6 This cyclical issue not only amplifies 
the suffering of those with fibromyalgia but also underscores 
the urgency of addressing inflammation as a central aspect of 
the syndrome.

Fibromyalgia ranks among the top three musculoskeletal 
conditions worldwide, trailing only behind lumbar pain and 
osteoarthritis in terms of prevalence. Its global incidence 
is estimated at 2–3%,3 with figures climbing to 4.7% in 

Western European countries7 and ranging between 2–9% 
in the United States.8 The condition displays a gender 
disparity, predominantly affecting women at a ratio of 3:1 
compared to men,9 and shows an age-dependent increase in 
prevalence, peaking among individuals aged 50 to 60 years.10 
The epidemiological complexity of fibromyalgia is further 
deepened by its elusive etiology, which is believed to result 
from a combination of factors including abnormalities in 
the central and autonomic nervous systems, imbalances in 
neurotransmitters and hormones, immune system dysfunction, 
external stressors, and psychiatric factors.11,12 This intricate 
etiological landscape calls for a multifaceted approach to 
comprehending, diagnosing, and managing fibromyalgia, with 
the goal of mitigating its impact and improving the quality of 
life for those affected.

In recent fibromyalgia research, an innovative hypothesis 
suggests a connection between the syndrome and mitochondrial 
dysfunction,13 representing a significant paradigm shift in 
understanding this complex condition. Affected individuals 
exhibit substantially lower levels of muscle oxygen saturation 
compared to healthy norms, with reductions of up to 20% from 
an expected average of about 75%.14-16 The exact mechanisms 
behind this decrease in oxygen saturation levels remain 
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unclear, leaving researchers to speculate whether the primary 
cause is reduced mitochondrial energy production capacity or 
an increased demand for energy within muscle fibers.17 Given 
the mitochondria’s essential role in energy generation through 
aerobic metabolism, exploring mitochondrial dysfunction 
could illuminate the reduced physical capabilities observed 
in fibromyalgia patients.18

This comprehensive narrative review is meticulously 
crafted with the objective of unveiling and articulating 
the critical role of muscle oxygen saturation within the 
fibromyalgia framework. Our aim is to explore in depth 
the etiology, prognostic value, and therapeutic implications 
associated with this essential physiological measure. To 
ensure a nuanced and all-encompassing understanding, we 
have adopted a rigorous and systematic methodology for our 
review process. This includes an extensive examination of both 
established academic literature and grey literature sources, 
aiming for complete coverage of the subject matter. The 
search strategy was executed over a period of three months, 
employing specific search terms such as “muscle oxygen 
saturation,” “fibromyalgia,” “chronic pain management,” and 
“physiological markers in fibromyalgia.” Inclusion criteria 
were precisely defined to encompass studies that directly 
investigate the relationship between muscle oxygen saturation 
and fibromyalgia, including empirical research articles, 
systematic reviews, and meta-analyses published in the last 
20 years. Exclusion criteria were set to omit studies lacking 
empirical evidence or not specifically addressing the context 
of fibromyalgia.

Prominent databases, including PubMed, Scopus, Embase, 
Science Direct, Sports Discuss, ResearchGate, and the Web 
of Science, have been methodically scoured, ensuring a 
meticulous and comprehensive review. Through this detailed 
and deliberate process, our goal is to synthesize a holistic 
view of the complex relationship between muscle oxygen 
saturation and fibromyalgia. By doing so, we aim to contribute 
significantly to the body of knowledge, facilitating a deeper 
understanding and opening avenues for potential therapeutic 
interventions. These interventions have the potential to 
markedly improve the management and overall well-being of 
individuals grappling with fibromyalgia, ultimately paving the 
way for enhanced therapeutic outcomes.

THE ROLE OF MUSCLE OXYGEN SATURATION IN 
CHRONIC PAIN AND FATIGUE
Muscle oxygen saturation emerges as a crucial parameter in 
understanding the delicate balance between oxygen supply 
and utilization within muscle tissues, establishing itself as a 
fundamental aspect of optimal muscle function.19 This metric, 
reflecting the proportion of oxygenated hemoglobin, is vital for 
the generation of cellular energy through aerobic metabolism, 
a process integral to the effective functioning of muscles.20 
Within the context of fibromyalgia – a condition character-
ized by chronic pain and a complex array of symptoms – the 
investigation into muscle oxygen saturation anomalies offers 
a promising avenue for elucidating the pathophysiological 
mechanisms underlying this perplexing disorder.20 Achieving 
a comprehensive grasp of the subtleties surrounding muscle 

oxygen saturation is essential for deciphering the complexi-
ties inherent in physiological processes, especially against 
the backdrop of fibromyalgia, marked by widespread muscu-
loskeletal discomfort and fatigue. As a dynamic and sensitive 
indicator, muscle oxygen saturation provides insights into the 
nuanced balance between oxygen delivery and consumption 
across various physiological states.21

For individuals without health complications, maintain-
ing a balance between oxygen supply and demand becomes 
crucial, particularly during intense physical activities where 
the oxygen requirements of active muscles increase signifi-
cantly.21 An efficient oxygen supply chain is not only pivotal 
for sustaining optimal muscle performance but also for aiding 
recovery post-exertion. The interplay between oxygen delivery 
and utilization is closely linked to cellular energy production, 
crucial for generating adenosine triphosphate (ATP) – the 
energy currency of cells. This mechanism facilitates muscles 
in meeting the heightened energy demands characteristic of 
physical exertion.22 However, this harmonious interaction is 
disrupted in the context of fibromyalgia, where individuals 
experience heightened pain sensitivity and a pervasive sense 
of fatigue. Deviations in muscle oxygen saturation may signify 
a fundamental disequilibrium contributing to fibromyalgia’s 
clinical manifestations, where an insufficient oxygen supply 
could lead to an amplified pain response as the cellular en-
vironment becomes less conducive to standard physiological 
functions. This shift in oxygen dynamics may prime pain 
receptors, intensifying pain perception.

Furthermore, disrupted muscle oxygen saturation plays a 
role in the profound fatigue experienced by those with fibro-
myalgia. Inefficient oxygen utilization during physical exertion 
may result in inadequate energy production, leading to severe 
and persistent fatigue.22 This deficit in energy can significantly 
hamper daily activities, creating a vicious cycle where reduced 
activity levels further exacerbate symptomatology, reinforcing 
the debilitating fatigue-pain feedback loop. Thus, examining 
muscle oxygen saturation extends beyond assessing physiolog-
ical indices; it embodies an in-depth exploration of fibromyal-
gia’s essence. The disturbances in oxygen management offer a 
perspective through which potential pathogenic mechanisms 
can be understood. Investigating these correlations holds the 
potential to uncover novel therapeutic approaches, potentially 
transforming management practices and improving the quality 
of life for those affected by fibromyalgia.

Moreover, the anomalies in muscle oxygen saturation 
highlight a critical aspect of fibromyalgia’s complex patho-
physiology, suggesting a fundamental factor in symptom 
manifestation.13 Extensive research has identified variations in 
muscle oxygen saturation levels among fibromyalgia patients, 
delineating a significant direction for unraveling this disorder’s 
mysteries.16 Unlike the synchronized oxygen dynamics ob-
served in healthy individuals, those with fibromyalgia exhibit 
imbalances in oxygen levels within their muscle tissues.23 
These irregularities are intricately connected to fibromyal-
gia’s hallmark symptoms, such as chronic pain and extensive 
fatigue,24 indicating that disturbances in muscle oxygen satura-
tion offer a unique perspective for investigating the complex 
origins of these symptoms. The observed variations play a 
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substantial role in the chronic pain and relentless fatigue de-
fining fibromyalgia, revealing a complex interaction between 
oxygen dynamics and the disorder’s multifaceted nature.

Chronic pain, a primary symptom of fibromyalgia, may arise 
from an impaired ability of muscles to efficiently utilize oxy-
gen. This imbalance in oxygen delivery can trigger increased 
pain sensitivity.14 The altered state of oxygen dynamics creates 
a conducive environment for activating pain receptors, thus 
exacerbating the pain experienced by individuals with fibro-
myalgia.17 Simultaneously, the disrupted aerobic metabolism, 
due to irregularities in muscle oxygen saturation, contributes 
significantly to the enduring fatigue encountered. These im-
balances hinder effective oxygen extraction and use, resulting 
in insufficient energy production.25 Consequently, individuals 
with fibromyalgia may experience a pronounced energy deficit, 
intensifying the sensation of persistent and overwhelming 
fatigue.26 Therefore, the perturbation in the delicate balance 
between oxygen supply and muscle tissue emerges as a pivotal 
factor in fibromyalgia’s complex symptomatology. Exploring 
these nuances promises to advance our understanding and 
encourage the development of targeted therapeutic measures, 
potentially alleviating the condition’s impact on those affected 
and enhancing management and quality of life.

In summary, the role of disrupted muscle oxygen saturation 
in fibromyalgia’s symptoms provides a nuanced lens through 
which to explore the origins of chronic pain and fatigue. 
Understanding this relationship is vital for advancing our 
knowledge and developing effective strategies to improve the 
lives of those entangled in this complex disorder. Investigat-
ing muscle oxygen saturation within the fibromyalgia context 
unveils an essential aspect of its pathophysiology, offering 
a valuable gateway into comprehending the intricate link 
between muscle functionality and the symptoms experienced 
by sufferers. Future research focused on uncovering the un-
derlying mechanisms and exploring interventions aimed at 
normalizing muscle oxygen saturation presents a promising 
path for enriching our insight and enhancing the management 
of this challenging condition.

INSIGHTS FROM ADVANCED TECHNIQUES ON MUSCLE 
OXYGEN SATURATION ABNORMALITIES
The exploration of muscle oxygen saturation in individuals 
with fibromyalgia has become a pivotal aspect of research 
dedicated to unraveling the complex pathophysiology of this 
chronic pain syndrome. Recent innovative studies leveraging 
non-invasive techniques, such as near-infrared spectroscopy 
(NIRS) and magnetic resonance imaging (MRI), have revealed 
compelling insights.27 These research efforts delve deeply 
into the oxygen dynamics within muscle tissues, identifying 
potential anomalies that may significantly contribute to the 
diverse array of challenges experienced by those suffering 
from fibromyalgia.28 The introduction of these methods marks 
the beginning of a new era in understanding muscle oxygen 
saturation anomalies in fibromyalgia patients, providing 
unparalleled insights into the physiological complexities of 
the condition.17

NIRS, a cutting-edge, non-invasive optical method, rep-
resents a significant advance in the study of muscle oxygen 

saturation.25 It enables the real-time measurement of changes 
in the absorption of near-infrared light by oxygenated and de-
oxygenated hemoglobin, facilitating immediate assessments of 
oxygenation levels within muscle tissues.17 The value of NIRS 
extends to its capacity for dynamic, continuous monitoring 
of oxygen fluctuations across various physiological states, 
including periods of rest and during physical activity.15,16 Such 
immediate monitoring is essential for mapping the variable 
nature of oxygen dynamics in patients with fibromyalgia, 
illustrating how oxygen levels may fluctuate in response to 
different stimuli and activities. Furthermore, NIRS provides a 
focused examination of muscle tissue oxygenation, offering a 
precise and targeted evaluation.27 This direct analysis of muscle 
oxygen saturation levels opens a window to the metabolic 
activities within these tissues, thereby illuminating the specific 
underlying mechanisms contributing to fibromyalgia.

Conversely, MRI acts as a formidable adjunct to the data 
garnered from NIRS, by providing intricate anatomical and 
functional insights.29 Beyond its ability to assess oxygen 
saturation, MRI offers a comprehensive view of muscle tissue 
dynamics.30 Its high-resolution imaging capabilities facilitate 
the visualization of muscle structure and composition, enabling 
the identification of deviations or alterations in individuals 
diagnosed with fibromyalgia.31,32 Additionally, the employment 
of functional MRI techniques augments our understanding 
by delineating blood flow and oxygenation patterns under 
various stimuli, thus delivering a nuanced perspective on 
the fluctuations of muscle oxygen saturation in response to 
diverse conditions.30

The collaborative application of NIRS and MRI technolo-
gies represents a significant advancement in understanding 
muscle oxygen saturation in the context of fibromyalgia. 
By amalgamating the detailed, dynamic insights furnished 
by these state-of-the-art methods, researchers are endowed 
with enhanced capabilities to dissect the complex relation-
ship between muscle oxygen dynamics and the symptoms of 
fibromyalgia. This holistic comprehension opens the door to 
the development of pioneering therapeutic strategies, poten-
tially revolutionizing the management and mitigation of the 
condition’s impact on sufferers.

Integrating NIRS and MRI in the exploration of muscle 
oxygen saturation among fibromyalgia patients combines the 
distinct advantages of each technique, establishing a potent, 
synergistic research framework.28,29 NIRS provides accurate, 
instantaneous assessments of oxygen levels within muscle 
tissues, while MRI contributes a rich anatomical context, 
enabling researchers to correlate structural alterations with 
observed changes in oxygen dynamics.28,29 This unified ap-
proach not only enhances the reliability of research findings 
but also deepens our insight into the complex factors that influ-
ence muscle oxygen saturation in the setting of fibromyalgia.17 
Fundamentally, the use of these sophisticated, non-invasive 
instruments marks a significant progression in the field of 
fibromyalgia research. By offering detailed, real-time, and 
context-specific evaluations, these modalities improve the 
precision and depth of insights obtained, paving the way for 
the development of tailored therapeutic interventions designed 
to address the unique challenges encountered by individuals 
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with fibromyalgia.
Expanding upon this foundational knowledge, a detailed 

synthesis of research focused on muscle oxygen saturation in 
individuals with fibromyalgia has uncovered a sequence of 
intriguing findings.15-17 These studies illuminate potential ab-
normalities in the oxygen dynamics within the muscle tissues 
of those affected, thereby enhancing our comprehension of the 
disorder and facilitating the formulation of precise therapeutic 
approaches. Significantly, two critical anomalies have been 
identified: diminished oxygen levels and suboptimal oxygen 
extraction in the muscles of fibromyalgia patients, evident 
during both rest and physical exertion.13-16 Such observations 
indicate a compromised ability of the muscles to effectively 
utilize oxygen, necessitating further investigation into the 
intricate mechanisms of oxygen delivery and consumption in 
the context of fibromyalgia.

The discovery of reduced oxygen levels within the mus-
culature of fibromyalgia patients represents a pivotal insight. 
This shortfall in optimal oxygen saturation could interfere 
with crucial cellular processes essential for muscle upkeep 
and overall physiological well-being.33 These disturbances 
might also increase pain sensitivity, as the insufficient oxygen 
supply could prime pain receptors for heightened activation.34 
The enduring nature of low oxygen levels, regardless of the 
level of physical activity, underscores an ongoing challenge 
for individuals with fibromyalgia.15,16 Moreover, the identifica-
tion of compromised oxygen extraction adds another layer to 
the complexity of the condition.13 Proper oxygen extraction is 
critical for aerobic metabolism, the process of cellular energy 
production. The noted inefficiencies not only impact the imme-
diate availability of energy but could also lead to a prolonged 
deficit,35 potentially intensifying the fatigue characteristic of 
fibromyalgia and highlighting the widespread nature of fatigue 
symptoms among these patients.

Taken together, these findings indicate a fundamental al-
teration in the equilibrium of oxygen delivery and utilization 
in fibromyalgia, demonstrating a consistent and replicable 
pattern across various studies, thereby emphasizing their 
importance.13-16 The close relationship between these changes 
in oxygen dynamics and fibromyalgia’s defining symptoms – 
chronic pain and fatigue – warrants additional research into 
how alterations in oxygenation contribute to the development 
and persistence of the condition.10,26,27,33 Pursuing this line of 
inquiry is poised not only to deepen our understanding of the 
pathophysiology of fibromyalgia but also to guide the creation 
of targeted and effective treatments designed to mitigate the 
foundational physiological disturbances at the heart of this 
complex syndrome.

The implications of these findings extend significantly, 
laying the groundwork for future research efforts focused on 
unraveling the underlying mechanisms of fibromyalgia. An 
enhanced understanding of how disruptions in oxygen dynam-
ics contribute to the manifestation of fibromyalgia symptoms 
could lead to the development of novel, targeted therapeutic 
approaches. By addressing the fundamental shifts in oxygen 
delivery and utilization directly, the medical and research com-
munities could create innovative pathways to alleviate pain, 
reduce fatigue, and improve the quality of life for those facing 

the multifaceted challenges of fibromyalgia. The discovery 
of reduced oxygen levels in the muscles of fibromyalgia pa-
tients highlights a crucial aspect, deepening our insight into 
the intricate relationship between oxygen dynamics and the 
disorder's characteristic symptoms.17

For individuals without fibromyalgia, optimal oxygen 
saturation is essential for supporting cellular functions and 
facilitating energy production for various activities.36 The 
observed decrease in muscle oxygen levels in fibromyalgia 
introduces a significant dimension to the disorder, suggesting 
that altered oxygenation may substantially impact the physi-
ological state of those affected.15,16 Proper oxygen levels are 
vital for maintaining cellular balance, critical for the efficient 
performance of numerous cellular processes within muscle 
tissues. Essential operations, such as metabolism and energy 
production, rely heavily on a steady and sufficient supply of 
oxygen.37 The reported decline in oxygen saturation among 
fibromyalgia patients indicates a potential disruption in these 
critical cellular functions, necessitating a closer examination 
of how such altered oxygenation might underpin the patho-
physiology of fibromyalgia.

Additionally, in the context of pain perception, the reduced 
oxygen levels in the muscles of fibromyalgia patients become 
particularly significant. Oxygen plays a crucial role in modu-
lating pain sensitivity through its effects on cellular signaling 
pathways and neurotransmitter release.38 The compromised 
cellular environment, caused by decreased oxygen availability, 
may increase vulnerability to pain stimuli.39 This heightened 
pain sensitivity aligns with the widespread and persistent pain 
experienced by fibromyalgia sufferers, establishing a poten-
tial link between disrupted oxygen dynamics and the clinical 
presentation of pain.40

Furthermore, the reduction in oxygen levels also relates to 
the functional integrity of muscle tissues. Oxygen is necessary 
for fueling energy production through aerobic metabolism, a 
process vital for maintaining muscle contractions and support-
ing physical activity.22 In fibromyalgia, diminished oxygen 
saturation could impair energy generation efficiency, possibly 
resulting in muscle fatigue and reduced strength. This altered 
cellular condition, arising from insufficient oxygen levels, may 
influence muscle contractility and responsiveness, elucidating 
the significant fatigue reported by fibromyalgia patients.41

Moreover, the persistent nature of fibromyalgia symptoms 
suggests that the identified decrease in muscle oxygen satura-
tion represents not a transient issue but an ongoing challenge 
for those diagnosed with the condition. The continuous pres-
ence of altered oxygenation emphasizes the chronic change in 
the cellular environment, underscoring its role in perpetuating 
fibromyalgia symptoms. This revelation not only advances 
our comprehension but also underscores the importance of 
focused research and therapeutic interventions aimed at cor-
recting oxygenation discrepancies in fibromyalgia, with the 
ultimate goal of easing the burden of this enduring condition.

MUSCLE OXYGENATION IMPLICATIONS FOR 
FIBROMYALGIA SYMPTOMS
Furthermore, the pronounced impairment in oxygen extraction 
stands out as a critical factor in demystifying the complexi-
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ties of fibromyalgia, shedding light on a crucial aspect of the 
condition’s pathophysiology.15 Efficient oxygen extraction is 
essential for the generation of energy through aerobic metabo-
lism, a process that supports a wide range of physiological 
functions.42 The observed deficiency in the muscle's ability 
to effectively extract oxygen during both rest and exercise 
phases holds significant relevance,14,16 offering vital insights 
into the persistent fatigue experienced by individuals with 
fibromyalgia. This disruption in aerobic metabolism leads to 
an acute sense of exhaustion and triggers a detrimental cycle 
of reduced energy availability, further exacerbating the dif-
ficulties faced by those with the syndrome.

Aerobic metabolism is the primary pathway for cellular 
energy production, particularly crucial during prolonged 
physical exertion. This biochemical process requires the ef-
ficient absorption of oxygen from the bloodstream to enable 
the conversion of nutrients, such as glucose and fatty acids, 
into ATP.42 For individuals with fibromyalgia, the documented 
obstruction in oxygen extraction indicates a disturbance in 
this vital energy-producing mechanism, potentially resulting 
in insufficient ATP generation to meet the energy demands of 
muscle tissues.15 Thus, the compromised ability to extract oxy-
gen becomes markedly evident. Importantly, cellular systems 
necessitate a baseline energy level to sustain essential opera-
tions, even during periods of minimal activity.43 A diminished 
capacity for oxygen extraction at rest may lead to an ongoing 
deficit in energy, establishing a basis for unrelenting fatigue, 
regardless of physical activity levels. This pervasive fatigue, 
emblematic of fibromyalgia,2,44 significantly detracts from 
the quality of life and functional capacity of those affected.

The adverse effects of compromised oxygen extraction 
become markedly pronounced during physical activities. 
Although exercise is renowned for its broad health benefits, 
it presents a substantial hurdle for individuals with fibromyal-
gia.45 The inhibited aerobic metabolism curtails the muscle’s 

capacity to efficiently utilize oxygen during exertion, cul-
minating in early onset fatigue, diminished endurance, and 
heightened discomfort.46 This limitation contributes to the 
sedentary behavior prevalent among fibromyalgia patients, 
with the fatigue engendered by physical effort acting as a 
deterrent to active participation.47 Consequently, a vicious 
cycle (Figure 1) emerges reduced energy levels encourage a 
sedentary lifestyle, which in turn further impairs aerobic me-
tabolism efficiency. A decrease in physical activity can result in 
muscle deconditioning, exacerbating the fatigue-pain feedback 
loop that is a hallmark of fibromyalgia. Breaking free from 
this cycle represents a formidable challenge for those afflicted 
with fibromyalgia, given the intertwined relationship between 
impaired oxygen extraction, chronic fatigue, and pain creates 
a self-sustaining spiral.

Therefore, it is imperative to acknowledge the crucial impact 
of compromised oxygen extraction on the perpetuation of 
fibromyalgia’s challenges to develop targeted therapeutic inter-
ventions. Focusing on disruptions in aerobic metabolism may 
reveal avenues to alleviate the persistent fatigue and enhance 
the quality of life for individuals navigating the complexities 
of fibromyalgia. With continued research efforts dedicated to 
uncovering these underlying mechanisms, strategies aimed 
at improving oxygen extraction efficiency could emerge as 
viable approaches for symptom management, thereby break-
ing the debilitating cycle of fatigue and pain experienced by 
fibromyalgia patients.

The disturbances in muscle oxygen saturation pertinent to 
fibromyalgia offer a distinctive perspective on the physiologi-
cal underpinnings of the disorder, with significant ramifica-
tions for its defining symptoms of enduring pain and fatigue. 
These symptoms likely arise from the intricate dynamics 
involving insufficient oxygen supply to muscle tissues and the 
subsequent compromised energy production due to impaired 
aerobic metabolism.13 Chronic pain, a pervasive and dominant 

Figure 1:  Lower oxygen levels in muscle tissues result in 
a decrease in ATP production through aerobic metabolism, 
which contributes to a reduced tolerance for physical 
activity.  
Note: This diminished capacity for exertion often results in an 
increased prevalence of sedentary lifestyles. Such inactivity 
further leads to muscle deconditioning, exacerbating a cycle 
of fatigue and pain. This cycle increasingly impairs aerobic 
metabolism, creating a vicious loop that undermines the body’s 
ability to perform physical activities efficiently. Created with 
BioRender.com. ATP: Adenosine triphosphate.
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symptom in fibromyalgia, emerges from a complex interplay 
of physiological factors, with abnormalities in muscle oxygen 
saturation playing a crucial role.40 The association between 
pain perception and oxygen supply to muscle tissues unfolds 
a narrative that highlights the complex nature of pain in fibro-
myalgia.14 In this condition, where sustaining optimal cellular 
conditions is essential for minimizing pain sensitivity, the 
importance of ensuring sufficient oxygen delivery to muscle 
tissues becomes paramount. Oxygen, beyond being critical for 
survival, is integral in maintaining equilibrium within cellular 
environments.48 For individuals without fibromyalgia, consis-
tent and efficient oxygenation of active muscle tissues during 
various physiological states supports a milieu conducive to 
pain modulation and general well-being.39

However, the fibromyalgia landscape is characterized by a 
significant deficiency in oxygenation, precipitating a cascade 
of events that profoundly affect pain perception.17 This inad-
equate oxygenation in fibromyalgia patients forms the basis 
for an increased accumulation of metabolic byproducts within 
muscle tissues.33 These byproducts, naturally resulting from 
cellular activities, tend to accumulate in higher concentrations 
when the oxygen supply fails to satisfy the demands of active 
muscle tissues.33 The buildup of such metabolic byproducts, 
including lactate and hydrogen ions, in oxygen-deprived 
muscle tissues, serves as a trigger for pain receptors, thereby 
elevating pain sensitivity.49 These substances activate pain 
receptors, initiating a signaling cascade that intensifies pain 
perception.50 In conditions of insufficient oxygenation, the 
cellular environment becomes less efficient at removing these 
byproducts, creating a milieu that activates pain receptors and 
significantly contributes to the chronic and widespread pain 
experienced by fibromyalgia sufferers.51

Moreover, disrupted oxygen delivery in fibromyalgia af-
fects essential cellular processes that play a critical role in 
pain modulation.13 Oxygen is pivotal in the regulation of 
neurotransmitters and signaling pathways implicated in pain 
perception. When oxygenation is compromised, these regula-
tory mechanisms might be impaired, leading to an increased 
susceptibility to pain stimuli.39 This imbalance between oxygen 
levels and pain modulation mechanisms adds to the severe and 
pervasive pain that defines fibromyalgia.38 The heightened pain 
sensitivity, resulting from anomalies in muscle oxygen satura-
tion, profoundly impacts the daily functioning and emotional 
well-being of individuals with fibromyalgia, complicating the 
condition's management.52 Recognizing oxygen delivery’s es-
sential role in fibromyalgia pain perception sets the stage for 
developing interventions aimed at addressing the root causes 
of chronic pain.15 Future research focused on this correlation 
is poised to uncover strategies that alleviate pain, enhance 
quality of life, and provide new hope for those grappling with 
fibromyalgia’s complexities. Additionally, the link between 
inadequate oxygenation and the accumulation of metabolic 
byproducts offers fresh insights into the mechanisms under-
pinning the extensive pain reported by fibromyalgia patients.33 
This connection between altered oxygen dynamics and meta-
bolic activity within active muscle tissues uncovers a complex 
interaction that sheds light on the origins of pain sensitivity 
in fibromyalgia,14 highlighting the necessity for therapeutic 
approaches targeting these fundamental disturbances.

Within the intricate framework of fibromyalgia, persistent 
fatigue emerges as a significant barrier, profoundly shaping 
the daily experiences and overall quality of life for individuals 
contending with this complex disorder.53 At the heart of this 
relentless fatigue lies compromised energy production, a con-
sequence of impaired aerobic metabolism, which underscores 
the crucial impact of disrupted oxygen dynamics on the vitality 
of fibromyalgia patients.53 Aerobic metabolism, essential for 
cellular energy generation, depends on the effective extraction 
and utilization of oxygen. In individuals without fibromyalgia, 
this dynamic process ensures the production of ATP, the pri-
mary energy molecule, supporting a plethora of cellular and 
physiological functions.54 However, fibromyalgia introduces 
disturbances in oxygen dynamics, impeding this vital process 
and resulting in a reduced ATP yield that falls short of meeting 
the energy needs of muscle tissues.17

This deficiency in aerobic metabolism constitutes a foun-
dational element underlying the significant fatigue associated 
with fibromyalgia.15 As oxygen extraction and utilization 
processes become compromised, ATP generation becomes 
suboptimal, leading to profound and sustained exhaustion that 
epitomizes fatigue related to fibromyalgia.53 The implications 
of this diminished energy production extend broadly, influenc-
ing not only the muscular system but also the overall func-
tional capability of individuals with fibromyalgia.53 Muscles, 
which depend on ATP for contractions and movement, suffer 
particularly, manifesting as sensations of heaviness, weakness, 
and decreased physical endurance.39 This deficit in energy 
curtails the capacity for sustained activity, further promoting a 
sedentary lifestyle as individuals attempt to conserve energy.45

Additionally, the effects of impaired aerobic metabolism 
are systemic, affecting cognitive functions and emotional 
well-being.55 The brain, with its high energy demands for 
optimal functioning, is adversely affected by the limited ATP 
availability, leading to cognitive impairments often referred to 
as “fibro fog,” characterized by difficulties in concentration, 
memory, and mental sharpness.56 The all-encompassing impact 
of fatigue on every aspect of life, from professional and social 
engagements to personal interests, emphasizes the need for a 
thorough understanding of its root causes.53

Recognizing the central role of diminished energy produc-
tion in the fatigue experienced by fibromyalgia patients paves 
the way for the development of innovative interventions. 
Investigating how altered oxygen dynamics contribute to 
disrupted energy production may identify new therapeutic 
options. Targeting the underlying issues of impaired aerobic 
metabolism could present strategies to alleviate the fatigue 
that heavily impacts individuals navigating the wide-ranging 
obstacles of fibromyalgia. Such advancements promise to not 
only deepen our understanding of fibromyalgia but also to 
enhance treatment approaches for its associated chronic pain 
and fatigue, potentially offering individuals a path to regained 
energy and improved well-being.

Therefore, the alterations in muscle oxygen saturation 
within the context of fibromyalgia significantly influence the 
disorder’s hallmark symptoms. Understanding the connections 
between insufficient oxygen delivery, the accumulation of 
metabolic byproducts, and decreased energy production sheds 
light on the sophisticated interplay within muscle tissues. This 
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comprehensive grasp of the mechanisms at play enriches our 
knowledge of fibromyalgia and signals the advent of tailored 
treatments. Focused research into these facets is key to refining 
the management of chronic pain and fatigue in fibromyalgia, 
offering hope and improved quality of life to those facing the 
substantial challenges of this condition.

POTENTIAL MECHANISMS
The investigation into microcirculation dysfunction as a critical 
element affecting muscle oxygen saturation in fibromyalgia 
offers a novel perspective for comprehending this disorder. 
Microcirculation, comprising the network of small arteries, 
arterioles, capillaries, and venules, plays a vital role in facili-
tating the exchange of oxygen, nutrients, and waste products 
between the blood and tissues. It is hypothesized that anomalies 
within this network might hinder the effective delivery of oxy-
gen to muscle tissues, thus contributing to the manifestations 
of chronic pain and fatigue characteristic of fibromyalgia.15,16

Vasoconstriction, or the constriction of blood vessels, is 
identified as a potential mechanism leading to microcirculatory 
dysfunction, limiting the flow of oxygen-rich blood to muscles 
and intensifying the mismatch between oxygen supply and 
demand.57 This phenomenon could be linked to dysregulation 
of the autonomic nervous system (ANS), resulting in abnormal 
vascular responses and subsequently inadequate oxygen de-
livery.58 Moreover, the hypothesis considers the regulation of 
blood flow within the microcirculatory system, which, under 
normal conditions, adjusts to fulfill the metabolic demands of 
tissues. In the context of fibromyalgia, this adaptive regulation 
might be compromised, possibly due to disruptions in neuro-
vascular coupling – the coordination between neural activity 
and blood vessel dilation.59,60

Furthermore, impaired endothelial function within the 
microcirculation is spotlighted as a noteworthy factor. The 
endothelium’s critical functions in regulating vascular tone, 
modulating blood flow, and facilitating vessel dilation are 
indispensable. Therefore, impairments in endothelial activ-
ity could directly influence microcirculation, contributing to 
the altered muscle oxygen saturation noted in fibromyalgia 
patients.14

These aspects form a detailed framework for investigating 
the potential contribution of microcirculation dysfunction to 
the observed changes in muscle oxygen saturation in fibromy-
algia. The combined effects of vasoconstriction, compromised 
blood flow regulation, and endothelial dysfunction present 
a complex approach to deciphering the pathophysiology of 
this condition. Advancing research in these areas is crucial 
for clarifying the specific contributions of microcirculatory 
abnormalities to fibromyalgia, ultimately leading to targeted 
therapeutic strategies.

The exploration of fibromyalgia’s pathophysiology has shed 
light on the pivotal roles of microcirculatory dysfunction and 
mitochondrial anomalies in influencing muscle oxygen satura-
tion, opening up new paths for therapeutic exploration. The 
study of microcirculation elucidates how dysfunctions within 
this intricate network may obstruct oxygen delivery to muscle 
tissues, potentially amplifying the symptoms of fibromyalgia. 
Insights into the abnormalities within microcirculation13,16 

highlights the potential for devising targeted interventions that 
ameliorate these dysfunctions, thereby improving symptom 
management and enhancing the quality of life for individuals 
affected by fibromyalgia.

Subsequent analysis underscores the crucial involvement 
of mitochondria in the pathophysiology of fibromyalgia, 
positing that mitochondrial dysfunction may be a fundamen-
tal factor behind the observed alterations in muscle oxygen 
saturation.14,61 Disruptions in mitochondrial functionality 
could precipitate a decline in oxygen saturation levels,14,15 
emphasizing the essential role of efficient aerobic metabo-
lism in the energy production process for muscle tissues.62 
The ramifications of mitochondrial dysfunction encompass a 
decrease in ATP production efficiency and possible changes 
in mitochondrial DNA, contributing to the chronic fatigue and 
muscle anomalies associated with fibromyalgia.63 This linkage 
between mitochondrial dysfunction and altered muscle oxygen 
saturation sheds light on the systemic attributes of fibromyal-
gia, indicating a disparity between oxygen supply and demand 
within muscle tissues that may intensify symptomology.13-17

Furthermore, mitochondrial dysfunction might lead to an 
augmented production of reactive oxygen species, instigat-
ing oxidative stress and thus facilitating cellular damage and 
inflammation prevalent in fibromyalgia patients.64,65 This 
oxidative stress exacerbates complications in muscle function 
and oxygen usage, highlighting the intricate network of fac-
tors that contribute to the diverse symptoms of fibromyalgia.

Delving into the effects of microcirculatory dysfunction 
and mitochondrial anomalies on muscle oxygen saturation 
enhances our understanding of fibromyalgia, paving the way 
for specialized therapeutic interventions. Prospective research 
targeting these underpinnings could unveil innovative strate-
gies for managing chronic fatigue and muscle irregularities, 
fostering optimism for more accurate and efficacious treat-
ments that ameliorate the challenges faced by individuals 
with fibromyalgia.

The examination of fibromyalgia’s pathophysiology also 
encompasses the ANS, a key regulator of involuntary physi-
ological processes, accentuating its role in the noted disparities 
in muscle oxygen saturation among affected individuals.14,15 
The theory that dysregulation within the ANS, particularly an 
imbalance between its sympathetic and parasympathetic divi-
sions, may disrupt the crucial coordination needed for optimal 
muscle oxygenation illustrates the condition’s complexity.66 

The ANS, through its sympathetic and parasympathetic 
branches, manages a myriad of bodily functions from heart rate 
to respiratory rate, adjusting the body to both environmental 
and physiological changes.67 In the context of fibromyalgia, 
anomalies in ANS regulation are believed to affect blood flow 
and oxygen delivery to muscles, further influencing the varia-
tions in muscle oxygen saturation.68

Evidence of autonomic abnormalities in fibromyalgia is 
frequently documented through heart rate variability measure-
ments, a non-invasive marker of ANS activity, which has dem-
onstrated reduced variability in patients with fibromyalgia.69 
This decreased HRV indicates a disturbance in the equilibrium 
necessary for optimal physiological functioning, including the 
efficient delivery of oxygen to muscle tissues.70 Additionally, a 
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propensity for sympathetic predominance in fibromyalgia can 
lead to vasoconstriction, further limiting the oxygen supply to 
muscles and intensifying symptoms.71

The exploration of ANS dysregulation in fibromyalgia not 
only illuminates the neurophysiological foundations of the 
condition but also identifies potential avenues for therapeutic 
intervention. Concentrating on methods to restore autonomic 
balance offers the prospect of improving oxygen delivery to 
muscles and mitigating associated symptoms in fibromyalgia 
patients. Continued investigation into the regulation of auto-
nomic functions within this framework may uncover more 
personalized and efficacious treatment strategies, enhancing 
symptom control and the quality of life for individuals grap-
pling with the complexities of fibromyalgia.

While current theories, including those focusing on micro-
circulatory dysfunction, mitochondrial anomalies, and ANS 
irregularities, offer insightful perspectives into the possible 
mechanisms behind altered muscle oxygen saturation in fibro-
myalgia, our collective understanding remains incomplete.72 
Ongoing research is imperative to dissect the complex factors 
influencing muscle oxygen dynamics in fibromyalgia compre-
hensively. Elucidating these mechanisms not only broadens 
our comprehension of the disorder but also aids in the creation 
of targeted therapeutic strategies. The endeavor to demystify 
the relationship between muscle oxygen saturation and fibro-
myalgia symptoms is poised to yield novel therapeutic mo-
dalities, representing a significant advancement in enhancing 
the welfare of those afflicted with this multifaceted condition.

CLINICAL IMPLICATIONS
The complex interplay between fibromyalgia and muscle 
oxygen saturation unveils a promising avenue for therapeutic 
interventions. Comprehending the influence of altered muscle 
oxygen dynamics on this condition establishes a foundation 
for tailoring treatments specifically designed to rectify oxy-
genation deficiencies. Such an approach holds the potential to 
alleviate symptoms and enhance the quality of life for individu-
als afflicted with fibromyalgia, offering a targeted strategy to 
mitigate the challenges posed by this disorder.

Customizing exercise programs
Incorporating exercise into the management of fibromyalgia 
is pivotal for augmenting physical functionality, mitigating 
pain, and bolstering overall well-being.73,74 Nonetheless, 
given the compromised muscle oxygen saturation observed 
in individuals with fibromyalgia, it is imperative to judi-
ciously adapt traditional exercise regimens. Acknowledging 
the obstacles introduced by oxygenation deficits necessitates 
the customization of exercise programs to enhance oxygen 
supply during physical exertion. Such a strategic approach 
aims to foster a setting favorable to symptom relief and an 
enhanced quality of life.15

Gradual exercise routines 
The adaptation of exercise programs for individuals with 
fibromyalgia necessitates the incorporation of graded exercise 
routines.73,74 A methodical escalation in intensity and duration 
facilitates the gradual development of tolerance, ensuring that 

symptoms are not aggravated.74 This methodology takes into 
consideration the altered muscle oxygen dynamics charac-
teristic of fibromyalgia and offers a structured framework 
that is in harmony with the affected individuals’ capacities. 
It aims to promote optimal oxygenation while preventing 
undue strain on the muscles.15

Adequate rest breaks
Ensuring adequate rest intervals during exercise sessions 
is critical in managing altered muscle oxygen saturation in 
individuals with fibromyalgia.75 Unlike their healthy coun-
terparts, individuals suffering from fibromyalgia encounter 
difficulties in the extraction and utilization of oxygen.17 The 
integration of regular pauses in exercise routines facilitates 
the replenishment of oxygen levels, thereby preventing the 
build-up of metabolic byproducts that are implicated in the 
onset of pain and fatigue.76 A carefully balanced approach 
between activity and rest enables participation in physical 
exercise while mitigating the risk of aggravating symptoms 
associated with altered muscle oxygenation.75

Low-impact alternatives 
Customizing exercise programs for fibromyalgia necessitates 
moving away from conventional high-impact activities. Ac-
knowledging that intense or repetitive activities can present 
difficulties for individuals experiencing altered muscle oxy-
gen dynamics, the incorporation of alternative low-impact 
exercises is essential.77 Options such as swimming, walking, 
yoga, or tai chi78,79 represent more gentle approaches that can 
be adapted to suit individual preferences. These activities 
provide a pathway for engaging in consistent physical activ-
ity while reducing muscle strain and facilitating improved 
oxygenation, all without causing undue discomfort.

Individualized approach  
Recognizing the heterogeneity of fibromyalgia and the di-
verse responses to exercise underscores the necessity for an 
individualized approach. Customizing exercise programs to 
align with the specific needs, preferences, and capabilities 
of each individual is crucial for enhancing adherence and 
ensuring successful outcomes.80 Taking into account baseline 
fitness levels, existing comorbidities, and integrating patient 
feedback are fundamental components in the development of 
personalized exercise plans. Such tailored regimens aim to 
optimize muscle oxygenation and contribute significantly to 
the overall well-being of those with fibromyalgia.81

Monitoring and adjustment
A dynamic methodology for exercise programming neces-
sitates ongoing monitoring and iterative adjustments.82 
Systematic evaluations of symptoms, levels of fatigue, and 
the influence of exercise on daily functionality facilitate the 
implementation of timely modifications.83 Adjustments are 
warranted either when specific activities aggravate symptoms 
or when notable improvements are recognized, guarantee-
ing that the exercise regimen continuously aligns with the 
changing needs of the individual.84 This adaptive process is 
essential for maximizing the efficacy of exercise interventions 
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tailored to fibromyalgia management.
Therefore, tailoring exercise programs for fibromyalgia 

requires a sophisticated and personalized methodology that 
addresses the specific challenges associated with altered 
muscle oxygen saturation. The deployment of graded exercise 
routines, the integration of adequate rest intervals, and the 
encouragement of alternative low-impact activities enable 
clinicians to devise customized regimens aimed at optimiz-
ing oxygen supply during physical exertions.85 This bespoke 
approach does not merely augment the therapeutic efficacy 
of exercise; it also cultivates a constructive and empowering 
experience for individuals contending with the complexities 
of fibromyalgia.86 As our comprehension of this condition 
deepens, refining exercise protocols continues to be funda-
mental in enhancing the comprehensive management and 
well-being of those living with fibromyalgia.

Microcirculation-targeted interventions
Microcirculation, the complex network responsible for de-
livering oxygen to tissues, occupies a pivotal position in the 
modulation of muscle oxygen saturation within the context of 
fibromyalgia.87 Therapeutic strategies focused on microcircula-
tion present a viable path for ameliorating the physiological 
irregularities characteristic of this condition. Through the 
enhancement of blood flow to muscular tissues, such inter-
ventions are designed to re-establish the critical equilibrium 
between oxygen supply and demand, thereby possibly mitigat-
ing symptoms and improving overall well-being.

Vasodilators
Improving microcirculatory dynamics in fibromyalgia patients 
encompasses the administration of vasodilators.88 These 
pharmacological agents induce relaxation of the smooth 
muscles within the vasculature, facilitating dilation of blood 
vessels and, consequently, augmenting blood flow to various 
tissues, notably muscles.89 Therapeutics exhibiting vasodila-
tory effects, including certain antihypertensive medications 
or specific vasodilator agents, may be employed to mitigate 
vasoconstriction and bolster microcirculatory function.90 
Nonetheless, the selection and application of these medica-
tions must be judiciously considered, taking into account the 
individual’s health profile and the potential for adverse effects.

Endothelial function promotion
Interventions aimed at enhancing endothelial function repre-
sent an additional strategy for therapies targeting microcircu-
lation. The endothelium, which lines the blood vessels, plays 
a pivotal role in regulating vascular tone, blood flow, and 
the release of substances that influence vessel dilation.91 Ap-
proaches to improve endothelial health may include lifestyle 
modifications, dietary interventions, or the administration of 
specific pharmacological treatments. For instance, engaging 
in regular physical exercise, maintaining a diet rich in anti-
oxidants, and abstaining from smoking can have a beneficial 
impact on endothelial function.92 Furthermore, certain medica-
tions designed to support endothelial health may also facilitate 
the optimization of microcirculatory function in individuals 
with fibromyalgia.93

Physical activity and exercise
Regular physical activity exerts a positive impact on microcir-
culation. Participation in aerobic exercise fosters cardiovascu-
lar health and amplifies microcirculatory functionality.94 Such 
physical activity facilitates the secretion of vasodilatory agents, 
augments endothelial function, and bolsters overall cardiovas-
cular function.94 Customizing exercise regimens for individuals 
diagnosed with fibromyalgia guarantees the enhancement of 
microcirculatory benefits without intensifying symptoms. This 
comprehensive strategy synergizes the benefits of exercise on 
microcirculation with improved muscle oxygen saturation, 
offering a holistic approach to patient care.95

Heat therapy
Thermotherapy, encompassing methods such as warm com-
presses or hot baths, has been posited to affect microcircula-
tion positively. The application of heat leads to vasodilation, 
thereby augmenting blood flow to the areas subjected to 
treatment.96 Although the direct effects of this modality on 
muscle oxygen saturation within the context of fibromyalgia 
necessitate additional investigation, it is hypothesized that 
the vasodilatory properties of thermotherapy may facilitate 
enhanced microcirculatory function. This, in turn, could lead 
to improved oxygen delivery to muscular tissues,15 suggesting 
a potentially beneficial therapeutic intervention for patients 
with fibromyalgia.

In conclusion, interventions focused on microcirculation 
present a strategic and multifaceted methodology for address-
ing the issue of altered muscle oxygen saturation in individuals 
with fibromyalgia. Through the enhancement of blood flow to 
muscle tissues via the use of vasodilators, the promotion of 
endothelial function, the integration of regular physical activ-
ity, and the consideration of complementary therapies such as 
thermotherapy, these interventions are designed to rectify the 
intricate equilibrium of oxygen supply and demand within 
the muscular system.97 Customizing these strategies to meet 
the specific needs and preferences of those with fibromyalgia 
offers a holistic approach to the management of this complex 
syndrome, with the potential to ameliorate symptoms and 
enhance quality of life. As research progresses, an enriched 
comprehension of the distinct microcirculatory disturbances 
characterizing fibromyalgia will inform the refinement of 
targeted therapeutic interventions, fostering optimism for the 
realization of effective and individualized treatment modalities.

Mitochondrial supportive therapies
Therapeutic interventions aimed at supporting mitochondrial 
function represent an innovative and hopeful strategy for ad-
dressing the mitochondrial dysfunctions observed in fibromy-
algia. Considering the pivotal role that mitochondria play in 
aerobic metabolism and energy synthesis, strategies that bolster 
mitochondrial efficiency and activity offer the possibility of 
mitigating symptoms and enhancing the general health and 
well-being of those afflicted with fibromyalgia.98 This approach 
underscores the critical importance of targeting cellular energy 
pathways to potentially alleviate the multifaceted symptoms 
of this condition, thereby contributing to an improved quality 
of life for patients.
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Nutritional interventions
Adequate nutrition is essential for maintaining mitochondrial 
health, and tailored nutritional interventions could provide 
significant support in the management of fibromyalgia. Cer-
tain dietary elements, including coenzyme Q10 (CoQ10), 
L-carnitine, and a range of B-vitamins, are integral to optimal 
mitochondrial function.99 The inclusion of foods rich in these 
nutrients, or the consideration of supplementation under the 
supervision of healthcare professionals, may enhance mi-
tochondrial efficiency and activity.100 Therefore, adopting a 
balanced dietary regimen that supports overall cellular and 
mitochondrial health emerges as a critical component in the 
comprehensive management of fibromyalgia, underscoring the 
interconnectedness of nutrition, cellular energy production, 
and disease mitigation.

Antioxidant supplementation
Oxidative stress, which is associated with mitochondrial 
dysfunction, has been implicated in the pathophysiology 
of fibromyalgia. Antioxidants are crucial in counteracting 
oxidative stress and bolstering mitochondrial health.101 The 
supplementation of antioxidants, including vitamins C and E, 
glutathione, and alpha-lipoic acid, could play a pivotal role 
in neutralizing free radicals and safeguarding mitochondrial 
integrity.102 Although the direct effects on muscle oxygen 
saturation in fibromyalgia necessitate additional research, 
the anticipated improvements in overall cellular health from 
such interventions could significantly enhance energy metabo-
lism. This underscores the potential of antioxidant therapy in 
addressing the underlying mitochondrial disturbances con-
tributing to fibromyalgia symptoms, thereby facilitating an 
improved physiological state and potentially alleviating the 
condition's severity.

CoQ10 supplementation
CoQ10 occupies a central role in the electron transport chain 
within mitochondria, serving an indispensable function in 
cellular energy production.99 Research indicates diminished 
levels of CoQ10 in individuals diagnosed with fibromyalgia, 
highlighting its significance as a potential therapeutic target.103 
Supplementation with CoQ10 is posited to bolster mitochon-
drial functionality and augment energy production capacities. 
The incorporation of CoQ10 supplementation into a holistic 
treatment strategy for fibromyalgia could play a pivotal role in 
ameliorating energy deficiencies and enhancing muscle oxygen 
saturation.99 This approach suggests a targeted mechanism for 
improving the underlying bioenergetic impairments associated 
with fibromyalgia, potentially leading to symptomatic relief 
and improved patient outcomes.

Lifestyle modifications
Lifestyle factors play a substantial role in influencing mito-
chondrial functionality. Engaging in regular physical activity 
is known to promote mitochondrial biogenesis and enhance its 
function.104 Customizing exercise regimens to align with the 
physical capabilities of individuals suffering from fibromyalgia 
can lead to notable improvements in mitochondrial health. 
Furthermore, optimizing sleep quality, effectively managing 
stress levels, and abstaining from excessive alcohol consump-

tion are also critical for supporting mitochondrial function.95 
These lifestyle adjustments, when implemented as components 
of a holistic management strategy, have the potential to col-
lectively contribute to significant enhancements in muscle 
oxygen saturation and overall energy metabolism.104 This 
integrated approach underscores the importance of lifestyle 
interventions in augmenting the bioenergetic landscape in 
fibromyalgia, offering a pathway to mitigate symptoms and 
improve patient quality of life.

Mitochondrial-targeted therapies
Current research efforts are directed towards identifying 
compounds that specifically target and enhance mitochondrial 
function. Agents such as MitoQ, a mitochondria-targeted 
antioxidant, along with various other pharmacological inter-
ventions, are being investigated for their potential to improve 
mitochondrial efficiency.105,106 Although these studies are at a 
preliminary stage, they represent promising avenues for future 
therapeutic strategies aimed at modulating mitochondrial func-
tion in fibromyalgia.

Mitochondrial supportive therapies encompass a comprehen-
sive approach to addressing the mitochondrial dysfunctions 
observed in fibromyalgia. By integrating nutritional interven-
tions, antioxidant supplementation, CoQ10 supplementation, 
lifestyle changes, and the potential application of emerging 
mitochondrial-targeted therapies, healthcare practitioners can 
customize treatment plans to meet the unique requirements of 
individuals with fibromyalgia.100,104 These concerted strategies 
are designed to bolster mitochondrial health, which could lead 
to improvements in muscle oxygen saturation, ameliorate un-
derlying energy imbalances, and reduce the pervasive fatigue 
associated with fibromyalgia.104 As our understanding of the 
role of mitochondrial function in fibromyalgia deepens, it is 
anticipated that more personalized and efficacious treatment 
modalities will be developed, offering novel and individualized 
options for managing this condition effectively.

Autonomic regulation strategies
Strategies focused on autonomic regulation present a promis-
ing avenue for addressing the abnormalities in the ANS func-
tion observed in fibromyalgia.69 Given the complex interplay 
between autonomic dysregulation and the manifestation of 
fibromyalgia symptoms, interventions aimed at modulating the 
balance between sympathetic and parasympathetic activity are 
poised to enhance blood flow and oxygen delivery to muscle 
tissues. This, in turn, could play a pivotal role in the alleviation 
of symptoms.107,108 Such targeted approaches underscore the 
potential for therapeutic interventions to harmonize autonomic 
function, thereby contributing to an overall improvement in the 
symptomatology of fibromyalgia, highlighting the importance 
of understanding and addressing the autonomic components 
of this condition.

Mind-body techniques
Mindfulness-based stress reduction and biofeedback rep-
resent sophisticated mind-body interventions designed to 
regulate physiological processes, particularly those under the 
auspices of the ANS.109 Mindfulness-based stress reduction, 
which includes practices such as mindfulness meditation, has 
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demonstrated efficacy in diminishing pain and enhancing the 
quality of life for individuals afflicted with fibromyalgia.110 
Biofeedback, on the other hand, involves the real-time track-
ing of physiological parameters to facilitate voluntary control 
over these processes. The integration of these techniques into 
the therapeutic regimen for fibromyalgia management offers a 
promising strategy for modulating autonomic responses. This 
modulation has the potential to positively affect blood flow 
and oxygen delivery to muscular tissues.111 Thus, incorporat-
ing these mind-body practices can play a critical role in a 
comprehensive approach to fibromyalgia treatment, offering 
potential benefits in terms of autonomic regulation and overall 
symptom alleviation.

Pharmacological interventions
Pharmacological interventions aimed at addressing autonomic 
dysregulation in fibromyalgia necessitate meticulous consid-
eration of possible adverse effects and individual patient re-
sponsiveness.112 Medications designed to modulate autonomic 
functions, including beta-blockers and centrally acting agents, 
should be pursued with the oversight of healthcare profes-
sionals.113 The objective of these medications is to recalibrate 
the balance between sympathetic and parasympathetic activi-
ties, with the potential to influence blood flow and oxygen 
delivery to muscular tissues.114 This approach underscores 
the importance of a personalized treatment plan, carefully 
tailored to mitigate the specific autonomic challenges present 
in fibromyalgia, thereby enhancing the efficacy of therapy and 
improving patient outcomes.

Exercise and physical activity
Regular physical activity, when judiciously tailored, plays a 
significant role in the modulation of autonomic function.115 
Specifically, aerobic exercise has been shown to beneficially 
affect autonomic balance by promoting parasympathetic 
dominance, thereby contributing to a more regulated ANS.116 
In the context of fibromyalgia, the customization of exercise 
programs takes into consideration the specific challenges posed 
by autonomic dysregulation. Practices such as yoga and tai 
chi, which are renowned for their integration of mind-body 
elements, provide dual advantages by supporting autonomic 
balance as well as improving muscle function.117 The incor-
poration of such exercise modalities into the management of 
fibromyalgia, with an emphasis on autonomic modulation, 
is pivotal in enhancing the overall well-being of individuals 
afflicted with this condition. This approach highlights the 
therapeutic potential of physical activity in addressing the 
autonomic and musculoskeletal aspects of fibromyalgia in a 
holistic manner.

Cognitive-behavioral therapies
Cognitive-behavioral therapies, by targeting the psychological 
dimensions of fibromyalgia, may exert an indirect effect on au-
tonomic regulation.118 Assisting individuals in managing stress, 
coping with pain, and altering maladaptive thought processes 
plays a critical role in facilitating autonomic rebalance. The 
incorporation of stress management techniques, such as relax-
ation training within the framework of cognitive-behavioral 
therapies, provides effective strategies for reducing the impact 

of stress on autonomic responses. This holistic approach 
underscores the intricate interplay between psychological 
well-being, autonomic dysregulation, and the manifestation 
of fibromyalgia symptoms.119 By acknowledging and ad-
dressing these interconnected factors, cognitive-behavioral 
interventions offer a comprehensive strategy for mitigating 
the multifaceted challenges associated with fibromyalgia, 
thereby contributing to an improved overall quality of life 
for those affected.

Bio-psycho-social approaches
A bio-psycho-social model of fibromyalgia management 
espouses a comprehensive strategy that encompasses bio-
logical, psychological, and social dimensions. This integrative 
approach recognizes the bidirectional influences between 
autonomic dysregulation and the symptoms of fibromyalgia, 
affirming the complexity of this condition.119 By amalgamat-
ing various therapeutic interventions – including mind-body 
practices, pharmacological strategies, customized physical 
activities, and cognitive-behavioral techniques – the objective 
is to achieve an optimal autonomic balance and enhance the 
overall management of symptoms.120

Hence, strategies focusing on autonomic regulation present a 
multifaceted methodology to confront the abnormalities in the 
ANS observed in fibromyalgia. The integration of mind-body 
interventions, judiciously chosen pharmacological treatments, 
bespoke exercise routines, cognitive-behavioral therapies, and 
a bio-psycho-social perspective allows healthcare providers 
to directly address autonomic dysregulation. This aims to 
improve blood flow and oxygen delivery to muscular tissues. 
As the knowledge surrounding the autonomic contributions to 
fibromyalgia deepens, there is potential for the development of 
personalized and holistic treatment modalities, opening new 
pathways for effective and tailored therapeutic interventions.
Understanding the clinical significance of muscle oxygen 
saturation in fibromyalgia introduces a novel framework for 
treatment strategies. Personalizing exercise programs, focusing 
on microcirculation enhancement, supporting mitochondrial 
functionality, and addressing autonomic regulation represent 
viable approaches to tackle the underlying physiological 
anomalies characteristic of fibromyalgia. Ongoing research 
into the multifaceted nature of this syndrome promises to 
refine these interventions further, enhancing their efficacy in 
clinical settings. Such advancements aim to equip clinicians 
with more precise and individualized strategies for symptom 
management, ultimately enabling patients with fibromyalgia 
to regain autonomy over their health, thus promoting an im-
proved quality of life and resilience against the challenges of 
this complex disorder.

CONCLUSION
In conclusion, the investigation of muscle oxygen saturation in 
the context of fibromyalgia unveils significant insights into the 
complex nature of this challenging condition. The identifica-
tion of altered oxygen dynamics within muscle tissues reveals 
a multifactorial etiology encompassing microcirculatory dys-
function, mitochondrial irregularities, and ANS dysregulation, 
highlighting their substantial contribution to the predominant 
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symptoms of chronic pain and fatigue experienced by fibromy-
algia patients. This intricate correlation not only enhances our 
comprehension of the pathophysiology of fibromyalgia but also 
facilitates the development of innovative, tailored therapeutic 
interventions aimed at addressing the specific physiological 
anomalies present in affected individuals.

The refined understanding of the role played by altered 
muscle oxygen saturation in fibromyalgia symptoms has 
instigated a shift in therapeutic strategies. Emphasizing the 
customization of exercise programs, the implementation of 
microcirculatory interventions, the support of mitochondrial 
functionality, and the modulation of autonomic regulation, 
medical professionals can formulate more individualized and 
effective treatment plans. These approaches, underpinned by 
cutting-edge research, aim to improve oxygen delivery, bolster 
mitochondrial health, achieve autonomic balance, and enhance 
blood flow and tissue oxygenation.

Moreover, adopting a bio-psycho-social model incorpo-
rates a spectrum of therapeutic modalities, recognizing the 
intricate interaction among biological, psychological, and 
social determinants in the management of fibromyalgia. This 
all-encompassing strategy seeks not only to mitigate the physi-
cal symptoms related to altered muscle oxygen saturation but 
also to tackle the broader implications of fibromyalgia on the 
individual’s quality of life.

Despite the progress made in understanding and managing 
fibromyalgia, considerable knowledge gaps remain, under-
scoring the importance of ongoing research. Future research 
efforts dedicated to further dissecting the roles of muscle oxy-
gen dynamics, mitochondrial functionality, microcirculatory 
health, and autonomic regulation in fibromyalgia are essential. 
Such investigations are anticipated to refine our grasp of the 
pathophysiological mechanisms underlying fibromyalgia, 
leading to the development of more focused and efficacious 
therapeutic interventions.

Ultimately, the exploration of muscle oxygen saturation in 
fibromyalgia represents a significant advancement in decipher-
ing this perplexing condition. It signals a hopeful prospect 
for those affected by fibromyalgia, promising a future where 

bespoke, comprehensive therapeutic strategies markedly en-
hance treatment outcomes and improve the quality of life. As 
we delve deeper into the impact of fibromyalgia on muscle 
oxygen dynamics, we move closer to realizing the potential 
for groundbreaking treatments in this continually evolving 
domain.

LIMITATION OF THE STUDY
This review executed a meticulous search strategy; nonethe-
less, several limitations could emerge from its design pa-
rameters. By constraining the scope of the search to studies 
published within the past two decades, there is a potential 
oversight of seminal research conducted earlier, which might 
offer critical insights. Additionally, restricting the review 
to studies published in English could inadvertently exclude 
pertinent findings presented in other languages, thus limit-
ing the breadth of information considered. Moreover, given 
fibromyalgia's complex and multifaceted nature, the task of 
synthesizing findings across studies characterized by diverse 
methodologies and outcomes demands a sophisticated and 
discerning approach. This requirement underscores the chal-
lenges inherent in integrating disparate strands of research 
to construct a coherent understanding of the condition, high-
lighting the necessity for meticulous analytical strategies to 
navigate the complexities presented by the varied research 
landscape on fibromyalgia.
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Figure 2:  Understanding the impact of altered 
muscle oxygen dynamics on this condition 
lays the groundwork for developing targeted 
treatments aimed at correcting oxygenation 
deficits. 
Note: This includes the design of personalized 
exercise regimens, interventions focused on 
enhancing microcirculation, therapies that support 
mitochondrial function, and strategies for regulating 
autonomic functions. These tailored approaches 
offer a holistic strategy to address the underlying 
issues, potentially improving patient outcomes 
by restoring proper muscle oxygenation and 
functionality. Created with BioRender.com. 
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