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Abstract 

Fibromyalgia Syndrome (FMS) is a complex, chronic condition characterized by 

widespread musculoskeletal pain, fatigue, sleep disturbances, cognitive difficulties, 

and a variety of other symptoms. Despite being one of the most common chronic pain 

conditions, affecting millions worldwide, FMS remains poorly understood and 

frequently misdiagnosed. This paper aims to delve deeper into the multifaceted nature 

of fibromyalgia, challenging the perception that it is merely a syndrome. The 

pathophysiology of FMS involves a combination of genetic, neurobiological, and 

environmental factors. Central sensitization, where the central nervous system 

becomes hypersensitive to pain stimuli, plays a crucial role. Additionally, imbalances 

in neurotransmitters, such as serotonin and norepinephrine, contribute to the 

heightened pain perception and emotional symptoms observed in FMS patients. The 

syndrome also often coexists with other conditions like irritable bowel syndrome, 

migraine, and temporomandibular joint disorders, further complicating its diagnosis 

and management. Traditional diagnostic criteria for FMS, based primarily on tender 

points and symptom reports, have evolved. Understanding the underlying mechanisms 

and interactions within the neuroendocrine-immune system is crucial for developing 

more effective interventions. This paper underscores the necessity of recognizing 

fibromyalgia as more than just a syndrome. It is a multifactorial condition with 

profound implications for patients' physical, emotional, and social well-being. 

Enhanced awareness, comprehensive diagnostic criteria, and integrated treatment 

strategies are essential for improving the quality of life for patients with FMS. 
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Introduction 

The symptom of Fibromyalgia Syndrome (FMS) is chronic musculoskeletal pain, include low pain threshold, headache, anxiety, 

depression, exhaustion, and pain in many tender points in the morning [1]. Incidences of FMS range from 0.2 to 6.8% in women 

and from 2.4 to 6.8% in the general population [2]. Research indicates that women are nine times more likely than men to have 

FMS [3]. FMS refers to pain in the muscles and connective tissues. FMS is thought to be central-pain-processing condition which 

causes allodynia, or pain responses to non-painful response, as well as hyperalgesia, or heightened responses to painful stimuli. 

Therefore, rise in nociceptive neurotransmitters such glutamate and substance P may be the cause of the increase of transmission 

of pain. Debilitating fatigue, headaches, sleep disturbances, anxiety, melancholy, cold hands and feet, chemical sensitivities, 

decreased immunological function, and stiff joints are some of the other symptoms of familial multiple sclerosis. 
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FMS patients experience swallowing difficulties, 

irregularities in the bowel and bladder, tingling, numbness, 

and cognitive impairment (Figure 1). FMS impact the quality 

of life of the patients, making difficult to work and engage in 

daily activity. It can also negatively impact their relationships 

with friends, family, and employers. It places significant 

financial strain on both the sufferer and society. As of yet, 

FMS has no known treatment. Controlled clinical trials have 

demonstrated the efficacy of several treatments in mitigating 

symptoms, including as medication, behavioural therapy, 

educating patients, and physical exercise [4]. 

According to the American College of Rheumatology (ACR), 

definitional criteria for FMS in 1990, include having at least 

11 tender sites out of a potential 18 and a history of 

discomfort lasting longer than three months. Patients with 

FMS experience widespread pain that affects all four 

quadrants of the body, including the right and left sides, and 

the area above and below the waist. There is no recognized 

cause of FMS. Nonetheless, a multitude of reasons may be 

accountable for the pathophysiology of familial myopathy, 

including the disruption of the hypothalamus-pituitary-

adrenal axis (HPA). Low serotonin levels, sleep issues, 

cytokine malfunction, endocrine problems, and stress. The 

exact cause of FMS is unknown. Numerous factors, including 

problems with the neurological and autonomic nerve 

systems, psychological diseases, genetics, and the 

environment, are thought to contribute to FMS [5, 6]. FMS is a 

hereditary tendency, as evidenced by the presence of genetic 

polymorphism and familial aggregation. Certain genes that 

aided in analysing the amplitude of particular genetic 

variations were present in both healthy controls and FMS 

patients [7]. We discuss the latest FMS update in this review 

paper.

 

 
 

Fig 1: Symptoms of Fibromyagia Syndrome 

 

Biomarkers: Possible future in Fibromyalgia diagnosis 

FMS presents a significant diagnostic challenge due to the 

absence of universal diagnostic criteria. Digital pathology 

offers powerful tools for automated image analysis and 

pattern recognition. FMS is characterized by varying 

symptoms such as diffuse pain and cognitive impairments, 

are highly variable, digital tools could help to standardize the 

recognition of related tissue or neurological changes, leading 

to faster and more accurate diagnoses. With digital 

pathology, more objective, quantitative data can be derived, 

allowing for more precise analysis of tissue samples. This 

might be particularly useful in identifying potential 

biomarkers of FMS [8]. The complexity of FMS is 

underscored by its multifactorial nature, involving a 

combination of genetic predispositions and environmental 

factors such as trauma, stress responses, and sleep 

disturbances. These factors may contribute to the 

development and progression of the syndrome, as evidenced 

by numerous studies. Recent advancements in understanding 

the pathophysiology of FMS hold promise for transforming 

its diagnosis from a predominantly subjective process to a 

more objective. Identifying reliable biomarkers could play a 

crucial role in this transition, despite practical limitations 

such as the lack of specificity and the high costs associated 

with their implementation. These biomarkers can facilitate 

the identification of related conditions, therefore enhancing 

the diagnostic accuracy, even if their direct therapeutic 

applications remain limited. Genome studies have revealed 

that first-degree relatives of patients with FMS have a 13.6-

fold increased risk of developing the condition [9]. This 

genetic linkage is further supported by the observation that 

family members of FMS patients often exhibit the pain-

related conditions, such as irritable bowel syndrome and 

headaches. These findings underscore the potential role of 

genetic variations in influencing pain response mechanisms 
[10]. Research has identified several genes that could serve as 

reliable markers for FMS diagnosis. Polymorphisms in genes 

associated with the dopaminergic, serotoninergic, vitamin D 

receptor, and catecholaminergic systems have been 

implicated in the etiology of FMS. Specifically, variations in 

these genetic pathways may influence neurotransmitter 

activity, pain perception, and stress response, contributing to 

the development and severity of FMS symptoms [11-13]. 

Polymorphisms in genes related to serotonin receptors and 
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transporters may affect the FMS patient’s response to pain 
[11]. Similarly, the serotoninergic system, which regulates 

mood, sleep, and pain perception, has linked to FMS through 

genetic variations that influence serotonin levels and receptor 

function [3]. Additionally, the vitamin D receptor gene has 

emerged as a potential factor in FMS pathophysiology. 

Vitamin D is crucial for musculoskeletal health, and 

polymorphisms in its receptor gene may impact pain 

sensitivity and immune function [5]. The catecholaminergic 
system, which involves neurotransmitters like norepinephrine 

and epinephrine, also plays a role in stress response and pain 

modulation. Variations in genes may affect the ability of the 

body to manage stress and pain, contributing to FMS 

symptoms [13]. 

 

Epigenetic Outlook 

Previous studies have highlighted the significant impact of 

environmental factors and early life experiences on 

phenotypic and genome function through epigenetics, 

without altering the DNA sequence [14]. Epigenetic 

mechanisms, such as histone modifications, methylation 

changes, and the production of micro-ribonucleic acids 

(miRNAs), have been shown to mediate long-lasting changes 

in both the central and peripheral nervous systems [15]. 

Histone modifications can alter chromatin structure, thereby 

influencing gene expression. Methylation changes, 

particularly in DNA, can silence or activate genes, playing a 

crucial role in gene regulation. Additionally, miRNAs can 

regulate gene expression post-transcriptionally, affecting 

various cellular processes. These epigenetic modifications 

can be induced by various environmental factors; including 

stress, diet, and exposure to toxins, and can have lasting 

effects on the patients’ health and disease susceptibility. 

Understanding these mechanisms provides valuable insights 

into how external factors can influence gene function and 

contribute to conditions such as fibromyalgia, where both 

genetic and environmental factors play a role. This 

knowledge opens avenues for potential therapeutic strategies 

targeting epigenetic modifications to manage or prevent such 

conditions. 

 

Deoxyribonucleic Acid (DNA) Methylation 

A genome-wide methylation pattern is the main focus of the 

first study considering into epigenetic modifications in FMS 

women. Ninety-one percent of the 69 differentially 

methylated sites that were identified in the study between the 

patients and controls were responsible for the higher 

frequency of micronuclei in FMS women [16]. The research 

identified the genes that were mapped on differentially 

methylated regions, suggesting potential roles for cell 

signalling pathways, skeletal and organ system development, 

and nervous system development in FMS [17]. Increased pain 

thresholds were associated with a substantial link between 

gate pain-related responses and low levels of DNA 

methylation in the promoter area of increased TRPA1 gene 

expression, especially in peripheral nociceptors [18]. In a 

different study, cortical excitability measures measuring both 

hemispheres revealed a different degree of methylation in the 

peripheral blood of FMS patients [19]. Based on encouraging 

findings from multiple research projects, DNA methylation 

may become a more useful biological marker for FMS 

diagnosis. 

 

 

miRNAs 

miRNAs, controls the levels of genes expression and 

essential modulators of processes for the establishment and 

maintenance of pain [20]. Nine miRNAs in cerebrospinal fluid 

of the brain and eight miRNAs in serum sample were 

differentially expressed in FMS cases according to a miRNA 

profile by Bjersing et al. [21, 22]. Masotti et al. performed the 

miRNA profiles in the serum and saliva of FMS patients and 

reported that six miRNAs were identified as connected to 

FMS [23]. To demonstrate the role of miRNA in FMS 

pathogenesis and facilitate diagnosis, more research is 

needed to validate these first results in larger cohorts [9]. 

 

Gene Expression 

In the peripheral blood of 70 FMS patients and 70 healthy 

controls, Jones et al. performed a genome-wide expression 

profile. Of these, 421 genes were found to be differently 

expressed, many of which were connected to pathways 

involved in the processing of pain. The test has to be validated 

in larger patient populations to confirm its 95% sensitivity 

and 96% specificity for FMS in a subset of 10 probe sets [24]. 

Two of the 298 long non-coding ribonucleic acids (lncRNAs) 

that were recognised by Dolcino et al. identified in their 

recent investigation on the gene expression profiles in 

peripheral blood mononuclear cells from 10 patients and 10 

healthy participants were found to target the most frequently 

occurring genes in FMS. These studies highlight the 

contribution of autoimmunity, epigenetics, and genetics on 

FMS pathophysiology and future diagnosis [25]. 

Biotechnology can contribute to better management and 

potential treatments in several ways such as gene therapy, 

biologic drugs, personalized medicine and biomarkers [26]. 

 

Oxidative stress in FMS 

Oxidative stress is a significant factor in the pathology of 

FMS [27]. Heavy metals, such as mercury, lead, and cadmium, 

induce the production of free radicals, which cause oxidative 

stress. Toxic metals like mercury and lead can trigger the 

activation of microglial cells, which are immune cells in the 

brain. Once activated, microglia release pro-inflammatory 

cytokines that contribute to pain hypersensitivity and 

cognitive dysfunction [28]. Oxidative stress arises when there 

is an imbalance between the production of reactive oxygen 

species (ROS) and the ability of body to neutralize these free 

radicals with antioxidants. This imbalance leads to cellular 

damage and inflammation, which are central to the symptoms 

of FMS. In FMS, oxidative stress contributes to the 

pathophysiology by promoting inflammation and altering 

pain perception. Elevated levels of ROS can damage cellular 

structures such as lipids, proteins, and DNA, exacerbating 

inflammation and potentially leading to an increase in pain 

sensitivity. This damage may also impair cellular function 

and energy production, contributing to the fatigue and muscle 

pain commonly experienced by FMS patients. Several studies 

have indicated that FMS patients exhibit increased oxidative 

stress markers and decreased antioxidant levels compared to 

healthy controls. The role of oxidative stress in FMS may also 

be linked to mitochondrial dysfunction, which is involved in 

energy production and can further exacerbate fatigue and 

pain [27]. Management strategies for oxidative stress in FMS 

often include dietary interventions rich in antioxidants, such 

as vitamins C and E, and lifestyle changes that minimize  
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oxidative damage, such as reducing exposure to 

environmental toxins and engaging in regular physical 

activity. Additionally, targeted treatments to address 

mitochondrial dysfunction and enhance antioxidant defences 

may provide relief and improve overall symptom 

management [29]. Peptides with antioxidant properties, such 

as those from cyanobacteria, may help to reduce oxidative 

stress [30]. Understanding and mitigating oxidative stress 

could be crucial in developing more effective therapies for 

FMS 

 

Circadian Rhythm and FMS 

FMS is characterized by widespread musculoskeletal pain, 

fatigue, and sleep disturbances. Research has highlighted that 

circadian rhythm disruptions are significant in FMS patients. 

The circadian rhythm is the body’s internal clock which 

regulates sleep-wake cycles and various physiological 

processes over a 24-hour period. In FMS, this rhythm can be 

impaired, leading to poor sleep quality, altered hormone 

levels, and exacerbated symptoms. Studies suggest that FMS 

patients often experience irregularities in their sleep-wake 

patterns, including difficulty falling asleep, frequent 

awakenings, and non-restorative sleep [31]. This disruption 

can further aggravate pain sensitivity and fatigue. 

Additionally, disturbances in circadian rhythm may affect the 

release of melatonin, hormone that regulates sleep and pain-

modulating properties. Strategies may include establishing a 

regular sleep schedule, exposure to natural light, and 

maintaining sleep routine. Pharmacological treatments, like 

melatonin supplements, can also be considered. 

Understanding and managing these circadian rhythm 

disruptions are crucial for alleviating some of the symptoms 

associated with FMS and improving overall quality of life for 

those affected [32]. Disruptions in circadian rhythms is caused 

by shift work, jet lag, or genetic mutations may increase the 

risk of cardiovascular diseases, including MI. Altered 

expression or dysfunction of circadian clock genes has 

associated with higher risks of heart disease, as these genes 

regulate the timing of inflammation, oxidative stress, and 

vascular function [33]. The PER3 gene as a potential 

predictive marker for FMS pathogenesis and underscores the 

importance of genetic factors in disease assessment and 

management [31]. 

 

Postacute Coronavirus (COVID-19) Syndrome (Long 

COVID-19) and FMS 

COVID-19 induces oxidative stress as part of the body 

response to inflammation. The virus triggers immune cells to 

produce ROS, which can damage tissues and organs, 

contributing to the severity of symptoms, especially in severe 

cases [34]. Recent studies and clinical observations suggest 

that there may be an overlap between PACS and FMS. Both 

conditions involve chronic pain and fatigue, and some 

individuals with PACS have reported developing symptoms 

that closely resemble FMS after recovering from COVID-19 
[35]. Some researchers have reported that serum cortisol 

concentration indicates the severity of the underlying 

condition [36]. Corticosteroids or other immune-modulating 

medications may increase the risk of mucormycosis. FM 

patients recovering from COVID-19 should regularly 

monitor their health, as stress, inflammation, and medications 

can all have an impact on symptom management. Similarly, 

patients who develop signs of mucormycosis (such as nasal 

pain, swelling, blackened tissue, or difficulty breathing) 

following a COVID-19 infection should seek rapid medical 

assistance [37]. Many people with Long COVID develop 

chronic respiratory symptoms such as coughing, dyspnea, 

and chest discomfort. Steam inhalation may provide 

temporary relief from these symptoms. Patients requires to 

consult the healthcare practitioners for comprehensive 

management [38]. Patients with FMS who experience 

respiratory problems or acquire COVID-19 may benefit from 

nebulization [39]. Vitamin D supplementation is 

recommended for bone health [40]. The multifaceted nature of 

FMS requires a comprehensive approach to diagnosis and 

management. While the identification of genetic and 

biochemical markers holds promise for improving diagnostic 

accuracy, ongoing research is essential to fully understand the 

complex interactions underlying FMS. Enhanced diagnostic 

tools and personalized treatment strategies will be critical in 

addressing the diverse needs of individuals affected by this 

challenging condition [41, 42]. 

 

Conclusion 

FMS is difficult to diagnose but the newer approaches 

emphasize a broader understanding of symptoms. 

Comprehensive assessments, including patient history, 

physical examination, and questionnaires, are recommended 

to understand the full spectrum of FMS manifestations. 

Management of FMS requires a multidisciplinary approach, 

integrating pharmacological and non-pharmacological 

treatments. Medications such as antidepressants, 

anticonvulsants, and muscle relaxants are commonly 

prescribed to alleviate symptoms. Non-pharmacological 

strategies, including cognitive-behavioural therapy, physical 

exercise, and stress management techniques, are equally 

important. Emerging therapies, like neuromodulation and 

novel pharmacological agents, show promise in enhancing 

treatment efficacy. Research continues to uncover the 

complexities of FMS, highlighting the need for personalized 

treatment plans tailored to individual patient profiles. 
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