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Fibromyalgia (FM) is a chronic pain disorder characterized by widespread musculoskeletal pain, frequently accompanied by fatigue, sleep disturbances, cognitive dysfunction, and mood disorders. Although the etiology is multifactorial, involving genetic, hormonal, immunological, and environmental contributors, the exact pathophysiological mechanisms remain unclear, and the heterogeneity of symptoms poses significant challenges for diagnosis and management. Diagnostic criteria have evolved over the years, with newer approaches reducing some limitations, yet sex-related differences in clinical presentation continue to challenge timely and accurate diagnosis. Pharmacological therapy remains unsatisfactory: only pregabalin, duloxetine, and milnacipran have gained U.S. FDA approval, providing clinically meaningful relief in a minority of patients, and their frequent adverse events limit adherence. Numerous other agents, including cyclobenzaprine, gabapentinoids, NMDA antagonists, cannabinoids, and sodium oxybate, have been evaluated, but most remain investigational or limited by safety concerns. Current guidelines emphasize that pharmacological interventions alone are insufficient and should be integrated with non-pharmacological strategies, especially patient education, exercise, and psychological support. This review summarizes the evidence on available and emerging pharmacological options for FM, highlights their limitations, and underscores the need for individualized, multimodal treatment strategies to improve patient outcomes and quality of life.
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1 INTRODUCTION
Fibromyalgia (FM) is characterized primarily by chronic widespread musculoskeletal pain and is often accompanied by symptoms such as sleep disturbances, fatigue, and reduced physical function. It also leads to “fibro fog,” which includes various mental and cognitive abnormalities such as anxiety, depression, memory loss, and diminished attention (Clauw, 2014). Current prevalence rates range from 0.7% to 9.3%, with the global average estimated at approximately 2.7% (Sarzi-Puttini et al., 2020). The etiology and pathophysiological mechanisms of FM remain unclear, though it is widely regarded as a pain regulation disorder, classified as a central sensitization syndrome (Giorgi et al., 2023). About 50% of patients with FM struggle to maintain normal work, and more than one-fifth become unemployed within 10 months of diagnosis (Schaefer et al., 2016). The associated medical costs are substantial, with U.S. Medicare data showing that the annual healthcare expenditure per patient can reach up to $35,920 (D’Onghia et al., 2022), marking FM as a chronic disease with a significant societal burden.
In addition, sex-related biological and symptom-expression differences can influence how readily patients meet certain diagnostic frameworks. Large epidemiologic surveys report higher pain prevalence in women than in men (Fillingim et al., 2009). Women, on average, exhibit lower pain thresholds—potentially related to fluctuations in estrogen—whereas higher testosterone levels in men are thought to exert antinociceptive effects (Bartley and Fillingim, 2013; Lenert et al., 2021). Under the 1990 ACR criteria, which required ≥11/18 tender points, these differences likely increased the probability of diagnosis in women relative to men (Wolfe et al., 1990; Moshrif et al., 2022). Application of the 2016 ACR revisions (without tender-point examination) has narrowed—but not eliminated—the sex gap; moreover, in clinical practice fibromyalgia in men may still be under-recognized (Liu et al., 2025).
Due to the ongoing lack of effective pharmacological treatments for FM, only three medications have been approved by the U.S. Food and Drug Administration thus far: the anticonvulsant pregabalin and the antidepressants duloxetine and milnacipran, which are used in many countries and regions worldwide. However, their clinical efficacy remains unsatisfactory. These drugs are strongly recommended only in FM guidelines from Canada (Fitzcharles et al., 2012), Israel (Ablin et al., 2013), and Italy (Ariani et al., 2021), while Germany provides a weak recommendation (Häuser et al., 2010), and the European Alliance of Associations for Rheumatology recommends their use only in patients with severe pain or sleep disturbances (Macfarlane et al., 2017). In China, these drugs are recommended only for patients with inadequate responses to non-pharmacological interventions (China Association of Chinese Medicine Rheumatology Society, Fibromyalgia Research Group of Traditional Chinese and Western Medicine in Rheumatology and Immunology, Capital Institute of Rheumatology and Immunology of Integrated Chinese and Western Medicine, 2023). The limited therapeutic benefits of these medications, coupled with their frequent adverse effects, contribute to their limited endorsement. Systematic reviews indicate that pregabalin (Üçeyler et al., 2017), duloxetine (Rodrigues-Amorim et al., 2020), and milnacipran (Häuser et al., 2013) provide significant relief for approximately 30% of FM-related pain, but their efficacy for symptoms such as fatigue, sleep disturbances, and impaired physical function is limited. Additionally, these drugs are associated with a high incidence of adverse reactions, with common side effects of pregabalin including edema, drowsiness, dizziness, and weight gain, with an overall incidence rate of 85%–90% (Pauer et al., 2011). Due to the poor tolerability of these side effects, adherence rates for pregabalin, milnacipran, and duloxetine are only 47%, 43%, and 59%, respectively, with discontinuation rates as high as 64.6%, 72.1%, and 51.5% within 1 year (Liu et al., 2016). It has been over a decade since the approval of the latest drug, milnacipran, and despite ongoing efforts by pharmaceutical companies worldwide, no new drugs have been approved. As a result, only a minority of patients derive substantial benefit, while the majority face the clinical challenge of inadequate efficacy or poor tolerability, ultimately leading to treatment discontinuation.
Although current pharmacotherapeutic regimens for FM are not ideal, and clinical guidelines mostly recommend that patients prioritize non-pharmacological therapies such as exercise and patient education (Macfarlane et al., 2017; Antunes et al., 2023) for treatment, over 90% of FM patients still seek medication-based treatment (Siracusa et al., 2021). The aim of this review is to summarize all drug development and application efforts for FM to date, identify medications that warrant further investigation, and highlight the challenges and issues in current drug research. This review seeks to provide valuable insights and guidance for future pharmacological research in the treatment of FM.
2 LITERATURE SEARCH METHODOLOGY
This review includes a search of all drug-related therapeutic clinical trials, case reports, and mechanistic studies involving FM patients or animal models, available on PubMed and Web of Science as of July 2024. The search encompassed studies written in English, Spanish, Italian, or French. Given the large number of retrieved clinical studies for some drugs, we prioritized high-quality systematic reviews when summarizing the findings (Table 1).
TABLE 1 | Summary of progress in FM therapeutic drug development	Drugs	Research progress	Mechanism	Symptoms that can be improved	Advantages of efficacy	Limitations of efficacy	Major adverse events	Incidence of adverse effects
	Milnacipran (Cording et al., 2015; Gupta et al., 2021)	FDA-approved	Serotonin-norepinephrine reuptake inhibitor (SNRI); Inhibits presynaptic reuptake of serotonin (5-hydroxytryptamine, 5-HT) and norepinephrine (NE) to enhance central pain regulation	Pain, fatigue, physical function, sleep quality, mood, quality of life	Specializing in the treatment of fatigue	A small number of patients benefit; increases the risk of suicide in young patients	Nausea, headache, constipation, dizziness, insomnia	86% (vs. 78% placebo)
	Duloxetine (Lian et al., 2020; Migliorini et al., 2023; Arnold et al., 2011; Arnold et al., 2010a; Mohs et al., 2012; Lunn et al., 2014; Chappell et al., 2009; Arnold et al., 2005)	FDA-approved	SNRI; inhibits presynaptic reuptake of 5-HT and NE to enhance central pain regulation	Pain, global disease impact (PGIC), fatigue, anxiety, depression	Specializing in the treatment of pain	A small number of patients benefit	Nausea, constipation, hyperhidrosis, headache, dry mouthetc.	82.6% (vs. 69.7% placebo)
	Pregabalin (Taylor et al., 2007; Derry et al., 2016; Arnold et al., 2018; Arnold et al., 2015; Migliorini et al., 2022)	FDA-approved	Gamma-aminobutyric acid (GABA) analogue; binds to calcium channel α2δ subunit, reducing calcium influx and excitatory neurotransmitter release	Pain, fatigue, sleep quality and PGIC	Its efficacy is not affected by demographic characteristics	A small number of patients benefit	Dizziness, somnolence, weight gain, dry mouth, nausea, blurred visionetc.	70%–90%
	Cyclobenzaprine (Moldofsky et al., 2011; Lederman et al., 2023; Carette et al., 1994; Santandrea et al., 1993; Cantini et al., 1994; Fossaluzza and De Vita, 1992)	Phase III clinical trials	Centrally acting muscle relaxant; antagonizes 5-HT2A, ADRA2, H1 receptors; reduces motor neuron excitability	Pain, fatigue, depression level, sleep, irritable bowel syndrome and stiffness	Sublingual formulation has good tolerability; similar efficacy to amitriptyline (short-term)	Long-term effects (6 months) similar to placebo; higher doses (30 mg/d) increase side effects	Oral hypoesthesia, oral paresthesia, abnormal taste, etc.	27% (10 mg/d) - 84% (30 mg/d)
	Sodium oxybate (Scharf et al., 2003; Russell et al., 2009; Russell et al., 2011; Spaeth et al., 2012; Spaeth et al., 2013)	Phase III clinical trials	GABA-B receptor agonist; sedative effects; mechanism not fully clarified	Pain, sleep disturbances, fatigue, physical function, quality of life	Long-term efficacy (38 weeks) and tolerability; significant sleep/pain improvement	Abuse potential (structurally similar to GHB)	Headache, nausea, dizziness, vomiting, diarrhea, anxiety, sinusitis	46.7%–48.4% (vs. 29.0% placebo)
	NYX-2925 (Ghoreishi-Haack et al., 2018; Houck et al., 2019)	Phase II clinical trials	Novel N-methyl-D-aspartate (NMDA) receptor modulator; regulates NMDA activity	Neuropathic pain (animal models)	Unclear	Unclear	Unclear	Unclear
	Ferric carboxymaltose (Ortanci et al., 2010; Hamarat et al., 2023; Boomershine et al., 2018)	Phase II clinical trials	Intravenous iron supplement; replenishes iron stores; iron is a cofactor for 5-HT/NE synthesis	Pain, fatigue, global disease impact	Fewer adverse effects	Only effective in iron-deficient patients	Flushing, nausea, and dizziness	29.3% (vs. 5% placebo)
	Mirtazapine (Banerjee et al., 2021; Neyama et al., 2020; Yeephu et al., 2013; Miki et al., 2016; Mehta et al., 2022)	Phase IIa clinical trials	Enhances central NE/5-HT activity; antagonizes H1 receptors for sedation	Pain, quality of life, sleep quality and overall disease impact	Improves sleep independently of pain relief	Less effective than duloxetine (46.7% vs. 89.4% symptom improvement); limited study quantity	Drowsiness, weight gain, increased appetite	68.8% (vs. 56.7% placebo)
	ASP0819 (Arnold et al., 2020; Takeshita et al., 2021)	Phase IIa clinical trials	Non-opioid KCa 3.1 channel opener; reverses abnormal sensory neuron discharges; modulates peripheral nociceptive signaling	Pain, sleep quality, global disease impact	Unclear	Unclear	Headache, joint pain, nausea and vomiting	68%
	Testosterone Gel (White et al., 2015)	Phase I/II pilot trial	Topical androgen; regulates pain thresholds; modulates neuroendocrine/pain signaling pathways	Muscle pain, stiffness, fatigue, tender point count	No adverse effects on cardiovascular/hepatic/renal function; no treatment-related adverse events	Limited to small female cohort (n = 12); no large-scale or long-term trials	None reported	0%
	Amitriptyline (Häuser et al., 2011; Farag et al., 2022; Moore et al., 2019)	10+ clinical studies; systematic reviews with meta-analyses	Tricyclic antidepressant (SNRI); inhibits 5-HT/NE reuptake; modulates H1 receptors	Pain, sleep quality, fatigue, quality of life	Greatest sleep and fatigue improvement vs. other drugs; similar acceptability to placebo	Studies have small samples, design flaws; efficacy for tender points controversial	Dry mouth, weight gain, lethargy, dizziness, etc.	78% (vs. 47% placebo)
	Naltrexone Hydrochloride (Younger and Mackey, 2009; Younger et al., 2009; Younger et al., 2013; Parkitny and Younger, 2017; Jackson et al., 2021; Bested et al., 2023; Due Bruun et al., 2024).	7 clinical trials	Blocks μ-opioid receptors; low doses reduce pro-inflammatory cytokines (IL-1β, TNF-α)	Pain, memory, life satisfaction	Early trials showed anti-inflammatory effects; improves memory related to FM pain	Recent high-quality trials show no clinically significant pain relief; efficacy controversial	Insomnia, vivid dreams	Not reported in recent trials; 100% in small retrospective cohort
	Palmitoylethanolamide (Gatti et al., 2012; Luongo et al., 2013; Schweiger et al., 2019; Del Giorno et al., 2015; Salaffi et al., 2023)	4 clinical trials	Endocannabinoid-like substance; interacts with CB1/CB2	Unclear	It can enhance the efficacy of pregabalin combined with duloxetine	Unclear	Diarrhea, dyspepsia, bloating, constipation, vomiting	10.0%
	Venlafaxine (Kleinman et al., 2011; VanderWeide et al., 2015; Dwight et al., 1998; Díaz-Marsá et al., 2011)	3 clinical trials	5-HT or NE modulators	Pain, anxiety, depression, global impact of illness, PGIC.	It is more economical and may have better efficacy for FM complicated with mental diseases	Unclear	Dry mouth, weight gain, somnolence, dizziness, fatigue, constipation, etc.	77% (vs. 47% placebo)
	Esreboxetine (Arnold et al., 2012; Arnold et al., 2010b)	2 RCTS	Selective norepinephrine reuptake inhibitor (NARI); inhibits NE reuptake	Pain, fatigue, quality of life, PGIC	Unclear	Unclear	Insomnia, constipation, dry mouth, nausea, dizzinessetc.	57.7%–71.6% (vs. 30.7%–57.1% placebo)
	Gabapentin (Arnold et al., 2007; North et al., 2016)	2 clinical trials	GABA analogue; regulates calcium channels, reducing glutamate/NE/substance P release	Pain, fatigue, quality of life, PGIC	Extended-release formulation improves bioavailability, reduces side effects	Not effective for depression	Drowsiness, dizziness, irritability, weight gain, dry eyes, difficulty concentrating, etc.	79.30%
	Memantine hydrochloride (Fayed et al., 2014; Olivan-Blázquez et al., 2014)	2 RCTS	NMDA receptor antagonist; modulates glutamate signaling, protects neurons	Pain, overall impact of disease, anxiety, quality of life, PGIC	Improves multiple symptoms (pain, mood, cognition); good tolerability	Unclear	Dizziness, headache	96.70%
	Paroxetine (Patkar et al., 2007; Sencan et al., 2004)	1 RCT; 1 clinical trial	Selective serotonin reuptake inhibitor (SSRI); inhibits 5-HT reuptake	PGIC	Similar efficacy to aerobic exercise for depression; good tolerability	No significant pain/VAS improvement vs. placebo	Somnolence, dry mouth, female reproductive organ disorders, ejaculation disorders, impotence, etc.	65.5% (vs. 58.6% placebo)
	Ketamine (Graven-Nielsen et al., 2000)	1 clinical trial; case selection based on pain response	NMDA receptor antagonist; inhibits NMDA channel activity, regulating neural signaling	Pain	Rapid analgesic effect in responsive patients	Unclear	Unclear	Unclear
	Interferon-alpha (Russell et al., 1999a; Russell et al., 1999b)	2 small trials	Antiviral; modulates immune function (reduces CD4+ T cell subsets)	Morning stiffness, physical function	Favorable safety profile	Only 50 IU dose effective; no improvement in pain/fatigue; limited evidence	Unclear	Unclear
	Alpha-1 Antitrypsin (AAT) (Blanco et al., 2004; Alegre et al., 2012)	1 case report; 1 clinical trial	Serine protease inhibitor	Unclear	Symptom relief in AAT-deficient FM patients (case report)	No significant improvement in randomized placebo-controlled trial	Unclear	Unclear
	Dehydroepiandrosterone (DHEA) (Finckh et al., 2005)	1 double-blind crossover trial	Hormone precursor	None	Increases serum DHEA sulfate levels	No clinical benefit for FM symptoms; androgen-related side effects	Oily skin, acne, increased body hair	Unclear
	Tetrahydrocannabinol (Hindley et al., 2020; Boehnke et al., 2021; Schley et al., 2006; Weber et al., 2009)	1 clinical trial; 1 multicenter survey	Psychoactive cannabinoid; binds to CB1 receptors; modulates central pain signaling	Pain (significant reduction in intensity), mental health	Higher THC doses (10–15 mg) relieve electrically induced pain; improves psychological measures	High discontinuation rate; abuse potential; cognitive impairment	Fatigue, dizziness, mental confusion, nausea/vomiting, restlessness	Unclear
	Mirogabalin (Vinik et al., 2014; Baba et al., 2019; Murasawa et al., 2020; Murasawa et al., 2021; Saeki et al., 2019; Arnold et al., 2019)	1 animal experiment; 1 negative human trial	Calcium channel inhibitor; high selectivity for α2δ-1 subunit (slower dissociation than pregabalin)	Pain (animal models: reduced hyperalgesia), anxiety-like behavior, cognitive impairment (rats)	Potential long-lasting analgesic effects (animal data)	No significant pain relief in human trials	Unclear	Unclear
	Tramadol (Biasi et al., 1998)	1 clinical trial	Binds to μ-opioid receptors; inhibits NE/5-HT reuptake	Pain	Unclear	High overdose/misuse risk	Not reported in FM trial (known effects: nausea, constipation, dizziness in other indications)	Unclear
	Flupirtine (Stoll, 2000)	2 case reports	Unclear	Pain, sleep disturbances, fatigue, and depressive symptoms	Unclear	Unclear	Unclear	Unclear
	Cannabidiol (CBD) (Hindley et al., 2020; Boehnke et al., 2021)	Online surveys	Non-psychoactive cannabinoid; interacts with CB1/CB2 receptors	Pain, fatigue, anxiety, cognition (self-reported in surveys)	Non-addictive; no psychoactive effects; potential substitute for opioids/GABA analogs	Unclear	Unclear	Unclear
	ASP8062 (Murai et al., 2019)	1 animal experiment	Novel GABA-B receptor positive allosteric modulator; enhances GABA-B activity	Pain (rat FM models); sleep electroencephalogram activity	Unclear	Unclear	Unclear	Unclear
	Neurotropin (Nasu et al., 2019)	1 animal experiment	Unclear	Depressive-like behavior (rat models); FM pain (investigational)	Unclear	Unclear	Unclear	Unclear


3 ADVANCES IN DRUG RESEARCH TARGETING THE TWO MAJOR MECHANISMS OF FM
3.1 Drugs modulating serotonin or norepinephrine
3.1.1 Duloxetine
Duloxetine, a serotonin and norepinephrine reuptake inhibitor, is one of the drugs approved by the U.S. Food and Drug Administration (FDA) for the treatment of FM. A 2020 systematic review (Lian et al., 2020) included seven studies involving a total of 2,642 participants, all of which were double-blind, parallel-group, placebo-controlled trials. The results showed that duloxetine (30–120 mg/d) had a significant effect on pain relief compared to placebo (SMD -0.26; 95% CI -0.37 to −0.16). The risk ratio for achieving 30% pain relief was 1.31 (95% CI 1.19–1.44), and the risk ratio for achieving 50% pain relief was 1.46 (95% CI 1.28–1.67). There was also a significant improvement in Patient Global Impression of Change (PGIC) (SMD -0.28; 95% CI -0.36 to −0.20). Adverse events were more common in the duloxetine group compared to the placebo group (RR 1.17, 95% CI 1.12–1.23). The incidence of experiencing at least one adverse event was significantly higher in the duloxetine group at 82.6%, compared to 69.7% in the placebo group. Common adverse events included nausea, constipation, hyperhidrosis, headache, dry mouth, drowsiness, and insomnia. A 2023 review involving 3,432 patients from 11 randomized controlled trials (RCT) showed that duloxetine was superior to placebo in improving Fibromyalgia Impact Questionnaire (FIQ) scores, PGIC, and pain relief (Migliorini et al., 2023). Although there were no systematic reviews analyzing other FM symptoms, an RCT demonstrated that 60–120 mg/d of duloxetine significantly improved patients’ Multidimensional Fatigue Inventory scores, as well as depression and anxiety scores, after 12 weeks of treatment (Arnold et al., 2011). In another randomized, double-blind, placebo-controlled trial, duloxetine at 60–120 mg/d significantly reduced the total score of the Beck Depression Inventory (BDI) and improved the mental health score of the SF-36 after 12 weeks of treatment in FM patients (Arnold et al., 2010a). However, some studies have found that duloxetine does not improve cognitive function (Mohs et al., 2012). The optimal dosage of duloxetine remains controversial. Systematic reviews and meta-analyses have found that doses above 30 mg/d are necessary to achieve therapeutic effects (Lunn et al., 2014). Some studies have shown that 120 mg/d of duloxetine provides no significant difference in pain relief compared to the 60 mg/d dose, and may even be less effective (Arnold et al., 2010a; Chappell et al., 2009; Arnold et al., 2005). Additionally, other studies have found no difference in pain improvement between the 30–60 mg/d doses and placebo (Migliorini et al., 2023). These findings suggest that the dosage of duloxetine in clinical practice should be flexibly adjusted based on the patient’s response.
Despite its proven clinical efficacy, the benefits of duloxetine remain limited. Studies have shown that the numbers needed to treat for an additional beneficial outcome (NNTB) with 60 mg/d duloxetine to achieve a 50% or greater reduction in pain for FM patients is approximately 8 (Lunn et al., 2014), meaning that only one in every eight patients treated can be expected to experience at least a 50% reduction in pain. This indicates that only a small portion of patients derive significant benefit from duloxetine treatment.
3.1.2 Milnacipran
Milnacipran, another serotonin and norepinephrine reuptake inhibitor, is approved for the treatment of FM in a few countries, such as Canada and the United States. A Cochrane systematic review (Cording et al., 2015) (6 RCTs, n = 4,238) showed that milnacipran at doses of 100 mg or 200 mg provided at least a 30% reduction in pain for approximately 40% of participants. The incidence of adverse events (86%) was similar to that of the placebo group (78%), but the 200 mg dose was more likely than the 100 mg dose to lead to treatment discontinuation due to adverse events. A 2021 review (Gupta et al., 2021) of 37 studies on milnacipran for FM revealed that it demonstrated good efficacy and tolerability in multiple RCTs, improving pain, fatigue, physical function, sleep quality, mood, and quality of life, with effects lasting up to 3 years. Compared to other drugs like amitriptyline, duloxetine, and pregabalin, milnacipran was more effective in alleviating fatigue. Common side effects include nausea and headaches, but there is an increased risk of suicide in children, adolescents, and young adults, which has resulted in a black box warning, making it unsuitable for younger patients.
Overall, milnacipran can improve multiple symptoms of FM with good tolerability and lasting effects, but it still has the limitation that only a small proportion of patients benefit significantly (Cording et al., 2015).
3.1.3 Amitriptyline
Amitriptyline, also a serotonin and norepinephrine reuptake inhibitor, was evaluated in a 2011 systematic review (Häuser et al., 2011) (n = 6,152, 19 clinical studies) comparing amitriptyline, duloxetine, and milnacipran for the treatment of FM. The results showed that FM patients treated with amitriptyline experienced a 30% reduction in pain (RR 1.60; 95% CI 1.15–2.24), moderate efficacy in improving sleep quality (SMD -0.56; 95% CI -0.78 to −0.34), and mild efficacy in reducing fatigue (SMD -0.44; 95% CI -0.71 to −0.16).A 2022 systematic review (Farag et al., 2022) comparing the efficacy and acceptability of amitriptyline, pregabalin, duloxetine, and milnacipran in alleviating FM symptoms found that, compared to placebo, 120 mg duloxetine had the best effect on pain relief (SMD -0.33; 95% CI -0.36 to −0.30). Amitriptyline showed the greatest improvement in sleep (SMD -0.97; 95% CI -1.10 to −0.83), fatigue (SMD -0.64; 95% CI -0.75 to −0.53), and quality of life (SMD -0.80; 95% CI -0.94 to −0.65). Moreover, the acceptability of amitriptyline was similar to that of placebo. However, another systematic review (Moore et al., 2019) found that amitriptyline performed better in achieving at least 50% pain relief (RR 3.0; 95% CI 1.7–4.9), but its efficacy in alleviating fatigue, improving sleep, quality of life, or reducing tender points remains controversial. The incidence of adverse events (78%) was higher in the amitriptyline group compared to the placebo group (47%).
As noted in systematic review analyses, studies on the use of amitriptyline for FM treatment generally suffer from small sample sizes, design flaws, and selective reporting, leading to overall low research quality. While the available data indicate potential benefits in treating FM, high-quality clinical trials are still needed to confirm its efficacy.
3.1.4 Mirtazapine
Mirtazapine enhances norepinephrine and serotonin activity in the central nervous system, and its antagonism of H1 receptors can produce sedative effects and promote sleep (Banerjee et al., 2021). In animal studies, intraperitoneal injection of 1 mg/kg or intracerebroventricular injection of 1 μg mirtazapine reduced hyperalgesia in a mouse model of FM-like pain induced by intermittent cold stress (Neyama et al., 2020). A 2004 open-label trial (Yeephu et al., 2013) (n = 29) found that 6 weeks of mirtazapine treatment (dose unspecified) alleviated pain, sleep disturbances, and fatigue. In a 2013 randomized controlled trial, pain improvement with 15 mg/d and 30 mg/d of mirtazapine was similar to the placebo group, but significant improvements were seen in the Jenkins Sleep Scale and FIQ scores, with overall good tolerability (Yeephu et al., 2013). In a 2016 Phase IIa trial in Japan (Miki et al., 2016), mirtazapine at 15 mg/d for 1 week followed by 30 mg/d for 11 weeks resulted in significant pain score reductions compared to placebo from week six, with 45.5% of intervention patients (n = 211) achieving a ≥30% reduction in pain at the study’s endpoint. Mirtazapine also improved pain-related quality of life, including the Short-Form 36 Questionnaire score and the Japanese version of the FIQ score. Adverse events were slightly higher in the mirtazapine group compared to placebo (68.8% vs. 56.7%), mainly including drowsiness (32.1% vs. 7.4%), weight gain (17.7% vs. 0.9%), and increased appetite (11.6% vs. 3.3%). In a recent retrospective study (Mehta et al., 2022) comparing the efficacy of mirtazapine and duloxetine (n = 158), the proportion of patients showing symptom improvement was lower in the mirtazapine group (46.7%) compared to the duloxetine group (89.4%), while the incidence of adverse events was higher in the mirtazapine group (100% vs. 77%).
Although mirtazapine has shown some efficacy, its effectiveness and safety appear to be inferior to duloxetine. Currently, the number of studies on mirtazapine is still limited, and more high-quality research is needed to confirm its role in FM treatment.
3.1.5 Venlafaxine
Venlafaxine, a serotonin and norepinephrine reuptake inhibitor, has been studied less frequently for FM treatment, but its prescription rate can reach up to 22.5% in specific patient groups (e.g., employees), suggesting that many patients are using this medication (Kleinman et al., 2011). A systematic review indicated that venlafaxine has a generally favorable effect on pain-related outcomes. Although the supporting evidence is limited, venlafaxine is generally well-tolerated and more cost-effective compared to other SNRIs (VanderWeide et al., 2015).
The response of FM patients to venlafaxine treatment may be related to coexisting psychological disorders. A small open-label trial found that venlafaxine at doses of 37.5 mg/d to 300 mg/d significantly reduced FM patients’ McGill Pain Questionnaire scores, Hamilton Depression scores, and Hamilton Anxiety scores after 8 weeks of treatment. Depression and anxiety were predictors of a better response to venlafaxine (Dwight et al., 1998). Díaz-Marsá et al. found that after 6 months of venlafaxine treatment at flexible doses (150 mg/d to 300 mg/d), FM patients showed significant reductions in PGIC scores and FIQ scores, with the reduction in FIQ scores being significantly greater in patients with depression compared to those without depression (Díaz-Marsá et al., 2011). However, another small open-label trial reached conflicting conclusions, showing that 75 mg/d of venlafaxine for 12 weeks significantly reduced average pain intensity and disability scores in FM patients, but these improvements were independent of venlafaxine’s effects on depression and anxiety scores (Sayar et al., 2003). The incidence of adverse events (Díaz-Marsá et al., 2011) was approximately 77% (placebo group 47%), with common side effects including dry mouth, weight gain, drowsiness, dizziness, fatigue, and constipation.
Overall, most clinical studies on venlafaxine for FM are open-label, and the related evidence is relatively limited. More randomized, placebo-controlled trials are needed to confirm its therapeutic effects in FM treatment.
3.1.6 Paroxetine
Paroxetine, a first-generation selective serotonin reuptake inhibitor, is primarily used to treat conditions such as depression and anxiety, and it has shown some efficacy in the treatment of FM. In a 12-week randomized, double-blind, placebo-controlled trial (Patkar et al., 2007) (n = 112), extended-release paroxetine (12.5–62.5 mg/d) significantly reduced the FIQ total score by ≥ 25% in FM patients compared to the placebo group. However, improvements in pain visual analogue scale (VAS) scores and overall disease impression were similar to those of the placebo. The overall tolerability was good, with 65.5% of patients reporting at least one adverse event, a higher rate than the placebo group (58.6%). Common adverse effects included drowsiness and dry mouth. In another study (Sencan et al., 2004) comparing the effects of paroxetine and aerobic exercise on FM treatment, both paroxetine (20 mg/d) and aerobic exercise (3 times per week, 40 min per session) significantly reduced pain VAS and BDI scores after 6 weeks, with similar efficacy between the two treatments. More evidence is still needed to fully support the efficacy of paroxetine in FM treatment.
3.1.7 Esreboxetine
Esreboxetine, a selective norepinephrine reuptake inhibitor, has shown potential in relieving FM symptoms based on recent high-quality RCTs. Esreboxetine at doses of 4 mg/d, 8 mg/d, and 10 mg/d over 14 weeks significantly improved pain scores, FIQ scores, and PGIC scores compared to placebo, though there was no significant difference in SF-36 physical function scores between the groups (Arnold et al., 2012). The incidence of adverse events was 57.7%, higher than the placebo group (30.7%). In another multicenter, randomized, placebo-controlled trial, flexible doses of esreboxetine (2 mg/d-8 mg/d) significantly reduced the average weekly pain score by week 8 compared to placebo, with a higher proportion of patients achieving a ≥30% reduction in pain. Significant improvements were also observed in FIQ total scores, including fatigue and quality of life. Adverse events were more frequent in the esreboxetine group (71.6% vs. 57.1%), with the most common being constipation (17.2% vs. 5.3%), insomnia (15.7% vs. 3.0%), dry mouth (15.7% vs. 2.3%), and headache (10.4% vs. 2.3%) (Arnold et al., 2010b).
3.2 Drugs affecting the GABA system
3.2.1 Pregabalin
Pregabalin is a γ-aminobutyric acid (GABA) analogue that exerts its antiepileptic, anxiolytic, and analgesic effects by binding to the α2δ subunit of calcium channels, thereby reducing calcium ion influx (Taylor et al., 2007). It is also one of the FDA-approved medications for the treatment of FM.
A 2016 Cochrane systematic review (Derry et al., 2016), which included five high-quality RCTs involving 3,283 participants, found that pregabalin (150 mg–600 mg/d) was superior to placebo in alleviating pain symptoms and improving PGIC scores. Approximately 27% of patients experienced at least a 30% reduction in pain, with the 450 mg dose showing the most effective pain relief (RR 1.64; 95% CI 1.28–2.10). A 2018 literature review summarized 37 studies on the use of pregabalin in FM treatment, showing that pregabalin significantly improved pain, sleep quality, and overall patient condition. The safety and tolerability of pregabalin were consistent across all studies, and its efficacy was not influenced by demographic or clinical characteristics (Arnold et al., 2018). Pregabalin’s improvement in pain and sleep symptoms can be observed within 1–2 days of treatment, and at least 50% of patients experience sustained clinical improvement in sleep by day 11 (Arnold et al., 2015). A 2022 systematic review (Migliorini et al., 2022), which included 4,693 patients, evaluated the efficacy of different doses of pregabalin and found that 450 mg/d was most effective in improving the FIQ score, while 600 mg/d was more effective in enhancing sleep quality. However, compared to higher doses, the 300 mg/d dose had a lower incidence of adverse events, with an overall adverse event rate ranging from 70% to 90%.
Pregabalin’s therapeutic effects in FM are primarily reflected in pain relief and improved sleep. However, the incidence of adverse events is relatively high, requiring flexible dose adjustment based on patient response. The most frequently reported events include dizziness (≈1 in four participants), drowsiness (≈1 in 7), weight gain (≈1 in 18), and peripheral oedema (≈1 in 19) (Derry et al., 2016). Furthermore, there is still the drawback that only a small proportion of patients experience significant benefits from the treatment.
3.2.2 Mirogabalin
Mirogabalin is an emerging calcium channel inhibitor with strong selectivity for the α2δ subunit. Compared to pregabalin, it has a slower dissociation from α2δ-1, which potentially provides longer-lasting analgesic effects (Vinik et al., 2014). This drug is primarily used for the treatment of diabetic peripheral neuropathy, and its pharmacological mechanism, similar to that of pregabalin, suggests it may have potential in treating FM (Baba et al., 2019).
Research on mirogabalin for the treatment of FM is limited, mainly focusing on animal studies. Murasawa et al. (Murasawa et al., 2020; Murasawa et al., 2021) found that mirogabalin injections significantly alleviated anxiety-like behaviors in FM model rats and improved cognitive impairment. Another animal study showed that mirogabalin significantly reduced total pain scores and increased pain thresholds in mice subjected to intermittent cold stress (Saeki et al., 2019). However, in a recent clinical trial of FM patients, neither 15 mg/d nor 30 mg/d of mirogabalin produced significant pain relief compared to placebo (Arnold et al., 2019). More trials are needed to evaluate the therapeutic effects of mirogabalin for FM.
3.2.3 Gabapentin
Gabapentin is a GABA analogue, but it does not act directly on GABA receptors. Its mechanism of action is not fully understood, but it is thought to exert its analgesic effects by regulating calcium channels and reducing the release of certain neurotransmitters, such as glutamate, norepinephrine, and substance P.
In 2007, a 12-week randomized double-blind study (n = 150) found that a significantly higher proportion of FM patients taking gabapentin (1200–2400 mg/d) achieved a 30% reduction in pain compared to those taking placebo (51% vs. 31%; P = 0.014). Gabapentin also significantly improved the Brief Pain Inventory (BPI) score, the FIQ score, the PGIC, the Medical Outcomes Study Sleep Problems Index, and the MOS Short Form 36 vitality score, but did not improve the mean tender point pain threshold or the Montgomery-Asberg Depression Rating Scale (Arnold et al., 2007). Given that extended-release formulations can increase gabapentin’s bioavailability and reduce the required daily dose, potentially decreasing the frequency and severity of side effects, a 2016 15-week open-label, single-arm, single-center study enrolled 34 FM patients. Following treatment with extended-release gabapentin, pain symptoms, sleep quality, and quality of life improved, though adverse events were common (79.3%), including drowsiness, dizziness, irritability, weight gain, dry eyes, and difficulty concentrating (North et al., 2016).
Although previous studies have shown that gabapentin is effective in treating FM, there has been no significant research progress in recent years. The small number of studies available makes it insufficient to fully evaluate its benefits or potential drawbacks in FM treatment.
3.2.4 Sodium oxybate
Sodium oxybate, the sodium salt of gamma-hydroxybutyrate, has an unclear mechanism of action but is known to have GABA-B receptor agonist activity. In addition to its common use for treating cataplexy and excessive daytime sleepiness associated with narcolepsy, it also has sedative effects and can improve depression and sleep quality.
Sodium oxybate has been shown to be effective in improving FM-related pain, fatigue, and sleep disturbances. In 2003, a double-blind, randomized, placebo-controlled crossover trial (Scharf et al., 2003) demonstrated that sodium oxybate significantly improved non-restorative sleep characteristics in FM patients, with good safety and tolerability. In 2009, a study involving 188 FM patients treated with 4.5 g or 6 g of sodium oxybate nightly for 8 weeks showed significant improvements in pain, sleep, and quality of life, again with good tolerability (Russell et al., 2009).
In a 2011 14-week Phase III double-blind RCT (Russell et al., 2011), sodium oxybate treatment significantly reduced pain, fatigue, and sleep disturbances, while improving functional status. The proportion of patients achieving ≥30% pain reduction was 54.2% and 58.5% in the 4.5 g and 6 g sodium oxybate groups, respectively, compared to 35.2% in the placebo group (P < 0.001). The incidence of treatment-related adverse events was also higher in the sodium oxybate groups (46.7% and 48.4%) compared to the placebo group (29.0%). Common adverse events included headache, nausea, dizziness, vomiting, diarrhea, anxiety, and sinusitis. In 2012, another Phase III trial (Spaeth et al., 2012) of sodium oxybate conducted across 108 centers in eight countries enrolled 573 FM patients, demonstrating that sodium oxybate significantly outperformed placebo in improving pain, sleep quality, and other FM-related symptoms. A 2013 prospective, multicenter, open-label extension study (Spaeth et al., 2013) lasting 38 weeks, conducted across 130 clinical sites in seven countries, further confirmed that sodium oxybate significantly improved pain VAS scores and FIQ total scores, establishing its long-term efficacy and tolerability.
4 OTHER DRUGS WITH THERAPEUTIC AND DEVELOPMENTAL POTENTIAL
4.1 Muscle relaxants
4.1.1 Cyclobenzaprine
Cyclobenzaprine is a centrally acting muscle relaxant, with its mechanism of action primarily involving effects on specific regions of the brain, particularly the brainstem. By antagonizing multiple receptors, including 5-HT2A receptors, ADRA2 receptors, and H1 receptors, cyclobenzaprine reduces the excitability of motor neurons and skeletal muscles. Additionally, it helps alleviate anxiety, pain, and inflammation.
In a 2011 double-blind, randomized, placebo-controlled study (Moldofsky et al., 2011), 36 FM patients were treated with an escalating bedtime dose of ultra-low-dose cyclobenzaprine (1–4 mg) for 8 weeks. The treatment group showed significant improvements in musculoskeletal pain, fatigue, and depression compared to the placebo group. Sleep electroencephalogram analysis also indicated that the treatment group experienced an increase in restorative sleep. In a 2023 Phase III randomized controlled trial (Lederman et al., 2023) of cyclobenzaprine for FM treatment, researchers administered TNX-102 SL (a sublingual cyclobenzaprine formulation) at 2.8 mg for 2 weeks, followed by 5.6 mg or a matching placebo for 12 weeks, to 503 FM patients. TNX-102 SL treatment significantly improved pain levels, overall disease impact, and sleep quality, with good safety and tolerability. The most common adverse events were hypoesthesia in the mouth (17.3%), oral paraesthesia (5.6%), and dysgeusia (4.4%).
Compared to amitriptyline, cyclobenzaprine has similar therapeutic effects. Both drugs significantly improve symptoms with short-term treatment (1 month), but their long-term effects (6 months) are comparable to placebo (Carette et al., 1994). In terms of dosage (Santandrea et al., 1993), both a single 10 mg dose of cyclobenzaprine taken at bedtime and 10 mg three times daily significantly reduced the number of tender points, and improved sleep quality, anxiety, fatigue, irritable bowel syndrome, and stiffness in patients. However, patients receiving 30 mg/day of cyclobenzaprine (84%) reported a significantly higher frequency of side effects compared to those receiving 10 mg/day (27%), with side effects including xerostomia, drowsiness, vertigo, headache, and nervousness. In studies combining cyclobenzaprine with other medications (Cantini et al., 1994), fluoxetine (20 mg/day) combined with cyclobenzaprine (10 mg/day) showed greater improvement in pain, morning stiffness, and reduction in the number of tender points compared to cyclobenzaprine alone. Additionally, cyclobenzaprine (10 mg/day) combined with ibuprofen (600 mg) was superior to cyclobenzaprine alone (10 mg/day) only in improving morning stiffness (Fossaluzza and De Vita, 1992).
Overall, cyclobenzaprine can improve pain, fatigue, depression, and sleep quality in FM patients with good tolerability. Lower doses are associated with fewer side effects.
4.2 NMDA receptor modulators
4.2.1 Ketamine
Ketamine, as an N-methyl-D-aspartate (NMDA) receptor antagonist, inhibits NMDA receptor channel activity, participating in the transmission of neural signals and regulation of neuronal signaling pathways. It can be used as an antidepressant treatment, as well as an anesthetic for pain relief and sedation. Graven-Nielsen et al. (2000) evaluated the effects of ketamine on FM patients. A total of 29 FM patients received an intravenous injection of either placebo or ketamine (0.3 mg/kg), and 15 patients who experienced more than a 50% reduction in pain intensity were selected for further study. The results showed that, in these 15 FM patients, ketamine significantly reduced pain VAS scores, decreased the area of local and referred pain, and increased the average pressure pain threshold at tender points (knee, epicondyle, and upper trapezius), with significant differences compared to placebo.
4.2.2 Memantine hydrochloride
Memantine hydrochloride, by antagonizing NMDA receptor, modulates glutamate signaling and thus affects neurodegenerative processes, protecting neuronal cells. It is commonly used to treat moderate to severe Alzheimer’s disease. Fayed et al. (2014) treated 25 FM patients with memantine (20 mg/day) for 6 months, and the results showed that, compared to the placebo group, patients in the memantine treatment group had improved brain metabolism, with increased creatine and choline levels in the right posterior cranial muscles. A correlation between choline levels in the posterior cranial muscles and FIQ scores was also observed, along with significant improvements in measures of global impression of disease improvement and quality of life. In a study (Olivan-Blázquez et al., 2014) treating 25 FM patients with memantine hydrochloride (20 mg/day) for 6 months, it was found that compared to the placebo group, the memantine hydrochloride treatment group exhibited improved brain metabolism, with increased creatine and choline levels in the right posterior cranial muscles. A correlation was also observed between choline levels in the posterior cranial muscles and FIQ scores, along with significant improvements in measures such as PGIC and quality of life. Another RCT evaluating memantine hydrochloride treatment for FM also showed that, compared to the placebo group, 31 patients treated with memantine hydrochloride (20 mg/day) for 6 months had significant improvements in pain VAS scores, Revised Fibromyalgia Impact Questionnaire (FIQR) scores, PGIC Hospital Anxiety Depression Scale scores, and EuroQol 5D questionnaire scores. The drug was well-tolerated, with an adverse event rate of 96.7%. The most common side effects were dizziness (25.8%) and headache (12.9%) (Olivan-Blázquez et al., 2014).
4.2.3 NYX-2925
NYX-2925 is a novel NMDA receptor modulator. In animal models, Ghoreishi-Haack et al. (2018) found that oral administration of NYX-2925 produced rapid and long-lasting analgesic effects in a rat model of neuropathic pain and a formalin-induced persistent pain model. Its analgesic effects were blocked by the NMDA receptor antagonist 3-(2-carboxypiperazin-4-yl)propyl-1-phosphonic acid, suggesting that NYX-2925 may have potential for treating neuropathic pain. Houck et al. (2019) further studied the safety, tolerability, and pharmacokinetics of NYX-2925 in healthy individuals. The results showed that NYX-2925 could cross the blood-brain barrier and exhibited dose-proportional pharmacokinetics, with minimal accumulation in the body after 7 days of once-daily dosing. No adverse events were observed during the study, indicating that the drug is safe and well-tolerated. The development of NYX-2925 for FM treatment has now progressed to Phase II clinical trials.
Overall, the three NMDA receptor modulators show promising therapeutic potential and warrant further research and development.
4.3 Cannabinoids
4.3.1 Cannabidiol
Cannabidiol (CBD) is a compound extracted from the cannabis plant and belongs to the class of cannabinoids. It is one of the non-psychoactive components of the cannabis plant and, unlike tetrahydrocannabinol (THC), CBD does not affect mental state or consciousness, making it non-addictive. CBD is currently being studied for its potential to treat various conditions and symptoms, including epilepsy, anxiety, depression, pain, inflammation, and some neurological disorders. However, there are no clinical studies to date that confirm its effectiveness in treating FM (Hindley et al., 2020).
In 2021, Boehnke et al. (2021) conducted an online survey involving 878 FM patients to explore whether they used CBD as a substitute for traditional pain medications. The results showed that the majority of respondents (72.0%) reported using CBD products as a replacement for nonsteroidal anti-inflammatory drugs, opioids, gabapentinoids, and benzodiazepines. Respondents noted improvements in FM-related symptoms, including pain, fatigue, anxiety, and cognition after substituting with CBD. Additionally, those who chose to use CBD-cannabis (containing more than 0.3% Δ-9-tetrahydrocannabinol) reported greater improvements in health, pain, memory, and sleep.
4.3.2 Tetrahydrocannabinol
Tetrahydrocannabinol (THC) is the primary psychoactive component of cannabis and has shown therapeutic potential for conditions such as chronic pain, insomnia, and epilepsy. However, the use of THC also comes with risks and side effects. It may impair cognitive functions, including memory, learning ability, and attention (Hindley et al., 2020).
In 2006, a study (Schley et al., 2006) summarized the effects of THC monotherapy in 9 FM patients. The daily dosage ranged from 2.5 to 15 mg, with a weekly increase of 2.5 mg. Five patients withdrew from the trial due to side effects. Although THC did not affect axon reflex erythema, daily recordings showed a significant reduction in patients’ West Haven-Yale Multidimensional Pain Inventory scores. Notably, patients who took 10–15 mg of THC experienced significant relief from electrically induced pain. In 2009, a multicenter survey study (Weber et al., 2009) provided 172 FM patients with 7.5 mg of THC daily for 7 months. Of these, 48 patients withdrew due to side effects, inadequate pain relief, or treatment costs. The remaining 124 patients experienced a significant reduction in pain intensity during THC treatment, with improvements in psychological measures, and a reduction in opioid use. Adverse events were reported by 10% of patients, primarily fatigue and dizziness, with tolerable side effects.
4.3.3 Combined use of CBD and THC
In recent years, scientists have been working on cultivating cannabis strains with high CBD content and low THC content through gene editing technology to reduce its side effects in medical applications. In a 2019 randomized placebo-controlled crossover trial (van de Donk et al., 2019), the analgesic effects of a single inhalation of medicinal-grade cannabis were studied in 20 FM patients. Four different cannabis strains were tested: Bedrocan (22.4 mg THC, CBD <1 mg), Bediol (13.4 mg THC, 17.8 mg CBD), Bedrolite (18.4 mg CBD, THC <1 mg), and a placebo. The results showed that all strains had effects similar to the placebo in improving spontaneous or electrically induced pain, suggesting that a single inhalation of cannabis has limited analgesic effects for FM patients. In 2020, a Brazilian study (Chaves et al., 2020) evaluated the effects of THC-rich cannabis oil on symptoms and quality of life in FM patients. This double-blind, randomized, placebo-controlled clinical trial included 17 female FM patients over an 8-week period. The initial dosage for the cannabis oil group was one drop per day (THC 1.22 mg, CBD 0.02 mg), with gradual increases based on symptoms. The results showed a significant reduction in FIQ scores in the cannabis oil group compared to the placebo group, particularly in areas such as “feeling good”, “pain”, “work ability”, and “fatigue”. In 2021, Mazza (2021) conducted a retrospective, open-label case series study to evaluate the efficacy and adverse events of medical cannabis in the treatment of FM. The study included 38 patients who primarily used THC-dominant cannabis (200 mg/d) and a mixed THC/CBD cannabis (400 mg/d). The results showed that both short-term and long-term use of medical cannabis significantly improved patients’ pain Numerical Rating Scale scores and the Oswestry Disability Index. However, the discontinuation rate due to non-serious adverse events was high, with only 12 patients continuing treatment by the 12th month. The most common side effects were mental confusion (37%), dizziness (14%), nausea/vomiting (14%), and restlessness/irritation (14%).
In summary, research on CBD for the treatment of FM is limited, and its potential as an alternative therapeutic option requires further investigation. THC, on the other hand, has shown some therapeutic potential, with products containing higher THC levels demonstrating better efficacy. THC may offer an alternative treatment option for FM patients who do not respond to conventional therapies, but its use may be limited by adverse events. More studies are needed in the future to assess its long-term benefits.
4.4 Non-opioid K Ca 3.1 channel openers
4.4.1 ASP0819
ASP0819 is a novel non-opioid KCa 3.1 channel opener that effectively reverses abnormal neural discharges in primary sensory afferent neurons. This drug has shown significant therapeutic potential for FM in recent years. A Phase 2a double-blind trial (Arnold et al., 2020) conducted in 2020 randomized FM patients to receive either 15 mg/day of oral ASP0819 (n = 91) or a placebo (n = 95). Results indicated that ASP0819 produced superior improvements on the Numerical Rating Scale score at weeks 2, 6, and 7 compared to the placebo; however, by week 8, there was no significant difference in pain relief between the two groups. Additional assessments demonstrated advantages in the overall impact of diseases and sleep quality. Adverse events primarily included headache, joint pain, and nausea/vomiting, with an incidence rate of 68%. Importantly, there were no major safety concerns or withdrawal effects reported. In 2021, Takeshita et al. (2021) conducted further investigations using KCa 3.1 channel-expressing cells from humans and rats, along with a rat FM model. Their findings suggest that ASP0819 activates the KCa 3.1 channel, significantly restoring muscle pressure pain thresholds and alleviating visceral and inflammatory pain by modulating nociceptive signaling in the peripheral nervous system. These results indicate the drug’s potential therapeutic efficacy for FM-like pain, warranting further development and research.
4.5 Iron supplementation
4.5.1 Ferric carboxymaltose
Ferric carboxymaltose is an intravenous iron formulation that rapidly increases hemoglobin levels and replenishes iron stores, making it effective for treating iron deficiency anemia. Research indicates that patients with iron deficiency anemia are at a higher risk of developing FM, with serum ferritin levels below 50 ng/mL correlating with a 6.48-fold increased risk of FM (OR 6.48; 95% CI 2.03 to 20.69; P = 0.002) (Ortanci et al., 2010). Iron serves as a cofactor for enzymes involved in the synthesis of various neurotransmitters, such as serotonin and norepinephrine; thus, iron deficiency may lead to decreased levels of these substances, contributing to the development of FM.
Hamarat et al. (2023) conducted a study involving 90 female FM patients with ferritin levels below 60 mcg/dL, who received intravenous ferric carboxymaltose treatment over 4–5 weeks. Results showed a significant increase in FIQ scores compared to baseline. In another randomized, placebo-controlled, double-blind Phase 2 clinical trial (Boomershine et al., 2018), 81 iron-deficient FM patients received two intravenous injections of either ferric carboxymaltose or placebo (saline). Although the rate of improvement of ≥13 points on the FIQR score was higher in the ferric carboxymaltose group (77%) compared to the placebo group (67%), the difference was not statistically significant. However, the FIQR scores, BPI scores, fatigue VAS scores, and iron indices showed significant improvements in the ferric carboxymaltose group compared to the placebo group. Mild adverse reactions, such as flushing (14.6%), nausea (7.3%), and dizziness (4.9%), were observed, with a total adverse event rate of 29.3%, higher than the placebo group (5%). These findings suggest that FM patients should be screened for iron deficiency anemia, as appropriate iron supplementation may reduce pain and improve quality of life in those with concurrent iron deficiency anemia.
4.6 Endogenous cannabinoid-like substances
4.6.1 Palmitoylethanolamide
Palmitoylethanolamide (PEA) is an endogenous cannabinoid-like substance classified as a nutritional amide. It is produced in the human body from N-acylethanolamines through the action of N-acyl ethanolamine hydrolase, and it interacts with cannabinoid receptors such as CB1 and CB2, helping to alleviate pain.
As early as 2012, PEA demonstrated potential for treating chronic pain. One study (Gatti et al., 2012) included 610 patients with chronic pain that was poorly controlled by conventional treatments. These patients received an additional treatment of PEA (600 mg), resulting in a significant reduction in average pain scores for all participants, regardless of the underlying condition. Importantly, no adverse effects were reported during the treatment. In animal models (Luongo et al., 2013) induced mechanical and thermal hyperalgesia in mice using formalin and found that PEA reduced both mechanical and thermal hyperalgesia in a dose-dependent manner, along with a decrease in the activation of microglia and astrocytes. A retrospective study (Schweiger et al., 2019) analyzed 359 FM patients who were treated with PEA from 2013 to 2016. The results indicated statistically significant changes over time in the patients’ pain VAS scores, quality of life scores, and FIQ scores. Only 36 patients reported gastrointestinal-related adverse reactions, such as diarrhea, dyspepsia, bloating, constipation, and vomiting.
In 2015, a study (Del Giorno et al., 2015) divided 80 FM patients into a retrospective group (45 patients) and a prospective group (35 patients). After 6 months of treatment with duloxetine and pregabalin, the retrospective group showed reductions in the number of tender points, pain frequency, and pain intensity. In contrast, the prospective group, which received duloxetine and pregabalin along with PEA for 3 months, exhibited even greater reductions in these measures compared to the retrospective group. Importantly, no adverse effects were reported in either group. A 2023 study (Salaffi et al., 2023) involving 142 FM patients, after 3 months of stable treatment with pregabalin and duloxetine, found that 62 patients who added PEA (600 mg b.i.d.) and acetyl-L-carnitine (500 mg b.i.d.) experienced improvements in the widespread pain index, FIQ scores, and modified FM Assessment Status scores.
These studies suggest that PEA may represent a new, well-tolerated treatment option for FM, particularly as an adjunct to duloxetine and pregabalin, offering additional benefits. However, high-quality randomized clinical trials are necessary to further evaluate the efficacy and safety of PEA as a standalone treatment for FM.
4.7 Topical hormone
4.7.1 Testosterone gel
In 2015, White et al. (2015) conducted a Phase I/II prospective pilot study involving 12 female FM patients. Participants applied 0.75 g of 1% testosterone gel every morning for 28 consecutive days. The results indicated significant increases in both free testosterone levels and 24-h free testosterone levels in the patients’ serum. Additionally, participants reported notable reductions in muscle pain, stiffness, and fatigue, as well as a decrease in the number of tender points and an increase in libido. No adverse effects were observed regarding cardiovascular, hepatic, renal, or hematological functions, and no patients reported any treatment-related adverse events.
These findings suggest that while oral androgen formulations may have limited efficacy and higher side effects, topical formulations like testosterone gel show promising therapeutic potential.
4.8 Other medicines
4.8.1 Flupirtine
Flupirtine is a non-opioid analgesic whose mechanism of action remains incompletely understood. Potential mechanisms include the enhancement of GABA activity, modulation of NMDA receptors, blockade of voltage-gated sodium channels, and reduction of norepinephrine reuptake. It exhibits analgesic, antidepressant, and sleep-improving effects without addiction or tolerance. A 2000 study (Stoll, 2000) reported successful treatment of 4 FM patients with flupirtine (average dose approximately 160 mg/day), leading to significant improvements in pain, sleep disturbances, fatigue, and depressive symptoms. However, there have been no subsequent studies on the efficacy of this drug in treating FM.
4.8.2 Neurotropin
Neurotropin is a non-protein bioactive substance extracted from the inflammatory skin of rabbits inoculated with vaccinia virus. It possesses analgesic properties, although its mechanism of action remains unclear. Neurotropin has been used in Japan for over 20 years to alleviate pain associated with conditions such as low back pain and osteoarthritis, with no severe side effects reported. In an animal model experiment for FM (Nasu et al., 2019), researchers found that the depressive-like behavior in rats could be reversed by administering the antidepressant desipramine, and a single injection of neurotropin also inhibited the increase in depressive-like behavior. These findings suggest that neurotropin exhibits antidepressant effects in the FM mode.
4.8.3 Gamma-hydroxybutyrate and sodium oxybate
Gamma-hydroxybutyrate (GHB) is a potent sedative with strong inhibitory effects on the central nervous system. It is colorless, odorless, and easily soluble in water, making it a potential substance for illicit use, where individuals may unknowingly ingest it, leading to symptoms such as memory loss, nausea, and vomiting. Due to this risk, GHB is strictly regulated. Sodium oxybate, which is structurally similar to GHB, may carry the same abuse potential, which could explain the limitations in its clinical application and recent research. However, there are companies currently submitting new drug applications for sodium oxybate to the U.S. FDA. If approved, sodium oxybate could offer FM patients a new treatment option.
4.8.4 ASP8062
ASP8062 is a novel positive allosteric modulator of the GABA-B receptor. In 2019, researchers discovered that ASP8062 exhibits positive allosteric modulation activity on human and rat GABA-B receptors, with high efficacy, selectivity, oral bioavailability, and central nervous system penetration. In a rat model of FM, ASP8062 demonstrated analgesic effects with minimal impact on motor coordination and had positive effects on electroencephalogram activity related to sleep cycles and stages. These findings suggest that ASP8062 has the potential to be an analgesic for FM treatment, with fewer side effects compared to GABA-B receptor agonists (Murai et al., 2019).
5 DRUGS WITH POOR OR CONTROVERSIAL EFFICACY IN THE TREATMENT OF FM
5.1 Dehydroepiandrosterone
From a pathophysiological perspective, fluctuations in estrogen have been shown to increase pain intensity and lower pain thresholds, while elevated testosterone levels have been associated with increased pain thresholds. This aligns with the observation that FM is more prevalent in women, prompting research into whether androgen supplementation could alleviate FM symptoms.
Dehydroepiandrosterone (DHEA) is a precursor to synthetic hormones, and patients with FM often exhibit persistent adrenal hyporesponsiveness and low DHEA levels. In this context, Axel Finckh et al. conducted a double-blind crossover trial (Finckh et al., 2005) in which postmenopausal women with FM were randomly assigned to receive either DHEA supplementation (50 mg/day) or a placebo for 3 months, with a 1-month washout period. The results showed that median DHEA sulfate blood levels increased twofold; however, there were no improvements in symptoms such as wellbeing, pain, fatigue, cognitive function, depression, or anxiety. Furthermore, common side effects of androgen treatment—such as oily skin, acne, and increased body hair—were reported more frequently in the DHEA group compared to the placebo group.
5.2 Interferon-alpha
Interferon-alpha is a commonly used antiviral drug in clinical practice. In a study (Russell et al., 1999a) by Russell et al., 112 patients with FM were randomly assigned to four groups to receive sublingual interferon-alpha (15 IU, 50 IU, or 150 IU) or a placebo every morning. By the sixth week, a reduction in the CD4+ T cell subset expressing leukocyte antigen was observed in the 15 IU and 150 IU treatment groups. Only patients in the 50 IU group showed improvements in morning stiffness and physical function; other outcome measures did not significantly change. No adverse events related to interferon-alpha treatment were reported, indicating a favorable safety profile (Russell et al., 1999b).
5.3 Alpha-1 antitrypsin
Alpha-1 antitrypsin (AAT) is a protein produced in the liver and a member of the serine protease inhibitor superfamily. It serves as an important anti-inflammatory and antiprotease, primarily inhibiting the activity of proteases such as trypsin, elastase, and other proteolytic enzymes, thereby protecting body tissues from destruction by these enzymes. In 2004, Blanco et al. published a case report study (Blanco et al., 2004) involving two Spanish sisters with AAT deficiency and FM who began AAT replacement therapy with AAT infusion in 1992. Over the subsequent 6 years, their FM symptoms were controlled. However, in 1998, due to a shortage of AAT medication, they discontinued treatment for 4–6 months each year for 5 years, leading to a severe recurrence of FM symptoms. Once the medication supply returned to normal, their symptoms were alleviated again, suggesting a potential therapeutic role for AAT. However, in a 2012 randomized, double-blind, placebo-controlled, crossover study (Alegre et al., 2012), 13 FM patients completed a 9-week trial of intravenous AAT/placebo (60 mg/kg). The results showed no significant improvement in FM symptoms with AAT treatment compared to placebo.
5.4 Naltrexone hydrochloride
Naltrexone hydrochloride blocks the effects of opioids by competitively binding to opioid receptors in the brain and spinal cord, primarily the μ-opioid receptors, and is commonly used to treat alcohol and opioid dependence. The team led by Jarred Younger has extensively explored the use of naltrexone for FM. In 2009, Younger et al. conducted a pilot single-blind crossover trial (Younger and Mackey, 2009) assessing the efficacy of low-dose naltrexone in treating FM. 10 female participants received 2 weeks of placebo followed by 8 weeks of 4.5 mg/day naltrexone. Results showed significant symptom improvement compared to placebo, along with increased mechanical and thermal pain thresholds. Side effects, including insomnia and vivid dreams, were mild and transient.
In the same year, the team conducted a randomized double-blind crossover trial (Younger et al., 2009) involving 10 FM female patients and 10 age- and gender-matched healthy controls. However, pain threshold and tolerance changes were similar between the two groups post-treatment. In 2013, the team published a larger randomized, double-blind, placebo-controlled, crossover study (Younger et al., 2013) that included 31 FM female patients, who received 4.5 mg of naltrexone daily for 12 weeks. Compared to placebo, naltrexone significantly improved pain and overall life satisfaction, while negative emotions improved; however, fatigue and sleep issues remained unchanged. The team also investigated the mechanism of naltrexone in treating FM (Parkitny and Younger, 2017), finding that low-dose treatment significantly reduced various inflammatory markers (IL-1β, IL-1Ra, IL-2, IFN-α, TGF-α, TNF-α, etc.), suggesting that naltrexone may exert its effects by reducing key pro-inflammatory cytokines.
In 2021, Jackson et al. conducted a study (Jackson et al., 2021) at the American Addiction Centers involving 55 patients with opioid-induced hyperalgesia (OIH) and 21 FM patients. After taking low-dose naltrexone, OIH patients demonstrated over fourfold improvement in pain tolerance, while FM patients showed a twofold increase. Although the study lacked a placebo control, these results indicate that low-dose naltrexone may be effective for FM patients.
However, recent studies on low-dose naltrexone for FM treatment have yielded less promising results. In 2023, Bested et al. performed a randomized, double-blind, placebo-controlled crossover study (Bested et al., 2023) with 58 FM patients. Participants were randomly assigned to receive either 4.5 mg of naltrexone or placebo daily. The findings indicated that low-dose naltrexone did not produce clinically significant analgesic effects or improvements in physical functioning. In 2024, a single-center randomized, double-blind, placebo-controlled trial (Due Bruun et al., 2024) in Denmark investigated the efficacy of 6 mg low-dose naltrexone over 12 weeks in women with FM. 99 patients were randomized to either the low-dose naltrexone group (n = 49) or placebo group (n = 50). The results suggested that low-dose naltrexone might improve memory issues related to FM pain, but its effectiveness in pain relief did not surpass that of placebo. Recent clinical studies on naltrexone for FM treatment have employed more rigorous designs and larger sample sizes than those conducted by Jarred Younger’s team, suggesting that low-dose naltrexone may be ineffective for treating FM.
5.5 Tramadol
Tramadol exhibits a dual mechanism of action: it binds to μ-opioid receptors in the brain and spinal cord to provide analgesic effects, while also inhibiting the reuptake of norepinephrine and serotonin, thereby enhancing its analgesic properties. A study (Biasi et al., 1998) conducted in 1998 evaluated the analgesic effects of tramadol compared to a placebo in patients with FM. Using a double-blind crossover design, the study involved 12 patients and found that the tramadol group experienced a 20.6% reduction in pain as measured by VAS, while the placebo group reported a 19.8% increase in pain VAS scores. However, no significant clinical differences were observed in tenderness improvement between the two groups. Despite the analgesic benefits of opioids, there is insufficient evidence to support their use in treating FM. The associated risks of severe adverse events, including overdose, misuse, suicide, and death, often lead to their recommendation against in FM management.
6 DISCUSSION
This review summarizes the currently clinically applied medications, those in human trials, and those tested in animals for FM treatment. Drugs that modulate serotonin or norepinephrine and affect the GABA system remain at the forefront of research. In addition to approved treatments such as pregabalin, duloxetine, and milnacipran, sodium oxybate has shown promising efficacy and research support, although its potential for abuse may limit widespread use. Other medications related to these mechanisms have demonstrated efficacy but suffer from a lack of sufficient quantity and quality of studies, providing inadequate evidence for clinical application.
Beyond these two primary mechanisms, the muscle relaxant cyclobenzaprine has reached phase III clinical trials, confirming its benefits for pain and sleep improvement. While studies on NMDA receptor modulators are limited, they show some efficacy and good tolerability. Cannabis formulations containing both CBD and THC can enhance clinical efficacy while mitigating the side effects of psychological dependence, presenting promising development potential. Iron supplements have demonstrated efficacy in FM patients with iron-deficiency anemia, suggesting potential for clinical application. Other drugs, such as palmitoylethanolamide, testosterone gel, flupirtine, and neurotropin, remain unclear in their efficacy and require further clinical investigation.
FM is a complex condition with numerous triggers and clinical manifestations. Recent years have seen advancements in understanding the pathogenesis of FM, yet consensus is still lacking. Patients often exhibit varied responses to different medications. Despite significant progress in pharmacological research over the past few decades, a cure for FM remains elusive. Currently, no drug provides consistent efficacy for the majority of FM patients, nor is there any single treatment that alleviates all symptoms. A deeper understanding of FM and its mechanisms is essential for developing more targeted therapies. Medications with preliminary evidence of efficacy are eagerly anticipated for further high-quality studies to confirm their effectiveness and safety. Compared with the current predicaments in the application of pharmacotherapy, non-pharmacological therapies such as exercise therapy (Li et al., 2025), cognitive behavioral therapy (Pardos-Gascón et al., 2021), and patient education (Antunes et al., 2022) demonstrate better efficacy and safety. Combining these non-pharmacological therapies with pharmacotherapy when treating FM may bring more benefits to patients with fibromyalgia.
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