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Abstract
Background: Fibromyalgia (FM) is a chronic pain syndrome that most commonly affects women. Given that there is no consensus regarding the pathophysiology of FM nor any known abnormalities in laboratory studies in FM, patients’ symptoms are often dismissed. There is a need for a better understanding of how and why FM occurs, and how it can be treated.
Objectives: This capstone aims to review recent literature regarding potential relationships between the gut microbiome and the symptoms of FM.
Design: Multi-study review.
Methods: The National Library of Medicine (PubMed), Embase, and Scopus databases were searched for articles published in 2025 that met the inclusion criteria. Four studies relevant to FM and the gut microbiome were selected for further analysis.
Results:
Study #1 Cai et al.: Significant increase in gut primary bile acid and amino acids, and significant improvement in quality of life measurements in patients with FM after getting fecal microbiota transplant from healthy controls.
Study #2 Hou et al.: Significant improvement in quality of life measurements and increase in bacterial alpha diversity in FM patients after receiving ozonated enema treatments.
Study #3 Durán-González et al.: Significant differences in 30 proteins and 19 bacterial taxa between FM and healthy controls in a cross sectional cohort study. 
Study #4 Erdrich et al.: No significant difference in gut microbiome between FM and healthy controls in a cross sectional cohort study, however there was an association of P. johnsonii and cognitive dysfunction.
Conclusion: All four studies observed some relationship between the gut microbiome and/or metabolome and FM symptoms, however these studies were of lower quality due to small sample sizes and observational designs. Future studies are needed to conclude the relationship between FM and the gut microbiome.









Introduction
In a world fraught with fierce decisiveness amongst many things, it is not surprising that the same is true regarding the diagnosis of fibromyalgia (FM).  FM, a chronic disease characterized by musculoskeletal pain, sleep disturbances, and decreased energy, remains a controversial diagnosis in the medical world. The “fibromyalgia wars” continue to rage between those who acknowledge the disease’s existence versus those who deny the reality of FM as a ‘real disease’.1
FM is a chronic pain condition marked by body-wide musculoskeletal pain and tenderness, sleep disturbances, and cognitive symptoms termed “fibro fog”. It is estimated that FM has a prevalence of about 2%, with the disease being far more prevalent in women than men (8:1).2 The pathophysiology of FM is poorly understood, with several hypotheses proposed, such as variances in afferent pain processing and levels of small fiber neuropathy, in addition to genetic, metabolomic, and environmental changes that create the perfect storm for FM to manifest.2 In 2016, the American College of Rheumatology (ACR) developed updated criteria for the diagnosis of FM. Individuals must satisfy the following to receive a diagnosis of FM according to this new criteria: the widespread pain index and symptom severity scale score meets a certain threshold, pain is generalized in at least 4/5 regions, and symptoms must be persistent for at least 3 months.3 It is worth noting that the ACR does not include any laboratory tests in its diagnostic criteria. Research studies have shown differences in activated brain regions and psychological response to pain perception in FM; however, routine inflammatory and rheumatoid lab values in FM patients are mostly within normal limits.2 This condition, which is presumed to largely affect women, whose symptoms have historically been dismissed in medicine, in addition to its lack of actionable laboratory biomarkers, all contribute to FM’s contested existence. 
William Shakespeare famously wrote in Romeo and Juliet: “What's in a name? That which we call a rose / By any other name would smell as sweet.” This 400-year-old quote still applies to FM. One may ask why the medical and scientific community goes through the trouble of collectively establishing such a diagnosis without any agreed-upon identifiable pathology (yet)? It would be irresponsible not to bring up the stakeholders involved in the battle over the validity of this diagnosis. Not only do patients and clinicians carry a stake, but so do pharmaceutical companies, academic researchers, and legal and professional organizations.1 Pharmaceutical companies fund the grants of those researchers who show their drugs can help treat FM symptoms. Governmental agencies hope for effective treatment for this chronic pain condition that increases healthcare costs and prevents people from being functional members of society. While some have more altruistic stakes in this game and others benefit from humans commercial productivity, FM patients await the day that more people begin to recognize FM as real. FM and chronic pain syndromes highlight the interplay of medicine, society, and culture, and how we treat those with such contested diagnoses. 
Some readers may recall seeing women debilitated by FM pain and mental grogginess suddenly transformed back into their productive, energetic selves in Lyrica commercials in the late 2010s. This unbelievable transformation is exactly that - unbelievable. Reports from patients with chronic pain syndromes, such as FM, disclose that their experiences with the medical system through their diagnosis and treatment were anything but seamless and affirming. Jennifer Kahn, a regular contributor to the New York Times, explains her journey with chronic pain as she navigated the exhaustion and associated loneliness and depression that came along with her pain. For her article, she shadowed a second opinion visit between Dr. Julian Motzkin, a neurologist at the University of California, San Francisco, and a 40-year-old male patient with lifelong debilitating headaches who had previously had an appointment at a renowned pain center in which the doctor told him, “‘I’m probably not going to be able to help you’”.4 This patient’s experience highlights how some patients with chronic pain are met with dismissive responses from the start. A recent interview study investigating experiences in communication between FM patients and clinicians in the United Kingdom showed recurrent themes in patient interviews: prolonged diagnoses, bias against age and sex, and finally, the importance of a trusting and communicative clinician.5 One of the study participants, James, explained, “‘The next thing they told me [GP] it was all in my head. There was nothing wrong. My bloods were all OK.’”5  James’ frustrations emphasize a crucial characteristic of FM, the fact that it is currently a diagnosis of exclusion. Research is being conducted regarding the relationship between self-reported pain and objective biomarkers, however there is yet to be a valid finding.6 Providers must believe, amid typically normal lab values and brain imaging like James’, that these patients are experiencing significant and debilitating pain, fatigue, and problems with sleep. This makes treatment for FM even more challenging because at this point, the research and medical community do not have an actionable target for treatment.
Researchers continue to search to understand what may be underlying the pathogenesis and symptoms of FM. A recent systematic review evaluates dysfunction of the gut-brain-axis as a potential contributor to fibromyalgia.7 Dipalma et al. review 11 interventional studies regarding the gut microbiome and FM and mechanistically similar disorders (chronic pain syndromes). Their work concludes that variances in the gut microbiome may underlie the symptoms of FM, such as pain, fatigue, and mood. An area of particular interest is how the metabolites of certain gut bacteria may contribute to low levels of systemic and neuroinflammation that manifest in FM symptoms. This capstone will aim to investigate whether the gut microbiome and subsequent bacterial metabolites influence the severity of FM symptoms in individuals. If there is evidence that supports the microbiome’s influence on FM, then new diagnostic tests may be developed and a new horizon for treatment options may be unlocked, finally providing individuals with FM some reassurance and relief that their symptoms are not all in their heads.

Methods
A literature search of the National Library of Medicine was performed on PubMed for articles regarding fibromyalgia and the gut microbiome in January 2026. Search terms included MeSH terms of the gastrointestinal microbiome and fibromyalgia. A date filter was applied for studies published in 2025, which yielded 14 articles. Abstracts were manually screened and deemed eligible if they were published in English, human studies, and were randomized controlled trials, clinical trials, or observational cohort studies that investigated a possible connection between the human gut microbiome and fibromyalgia onset, severity, and outcomes. On the initial PubMed search, three studies were deemed eligible. An additional search was conducted through Embase, including the search terms “gastrointestinal microbiome” and “fibromyalgia” with a date filter of 2025 applied. This search yielded 27 articles. Once duplicates were removed, and the above eligibility was applied, one additional study was deemed eligible via abstract review. A final, similar search was conducted through Scopus which produced 8 hits with no new studies meeting eligibility. A total of four studies were then scrutinized and graded on their quality.

Results
Study #1: Cai et al.
Summary: The study by Cai et al.8 is an open-label clinical trial conducted at the Institute for Pain Medicine of the Rambam Health Campus in Haifa, Israel between October 2022-2023 that recruited 14 women with treatment refractory FM to receive fecal microbiota transplants (FMT) from 3 healthy control donors. Study participants completed self-reported symptom surveys and pain threshold testing at baseline. They then underwent gut microbiota decolonization with antibiotics and bowel cleanout to FMT. Participants received one FMT every 2 weeks for a total of five FMTs. 11 participants completed the study, with three discontinuing the study due to fatigue. The primary outcome of Cai et al.’s study was to evaluate the change in self-reported pain intensity on a scale from 0-10 from baseline to eight weeks after transplant. Secondary outcomes included changes in other FM symptoms, such as fatigue, sleep, anxiety, and depression, and multiomic gut microbiota makeup.
Validity assessment: summary: This study was an open-label clinical trial with a total of 14 participants followed for 12 weeks. 
Inclusion criteria: Female patients were eligible for this clinical trial if they were aged 18-65 years old with the diagnosis of FM per the ACR 2016 criteria. They needed to have significant persistent symptoms, including average reported pain >6 on a scale of 10 throughout the prior week and a fibromyalgia impact questionnaire (FIQ) score >60. These women were also required to have previously failed the current gold standard treatment options for FM, including lifestyle modifications (changes to diet, exercise, sleep practices) and approved medications (selective serotonin reuptake inhibitors, tricyclic anti-depressants, gabapentin).
Exclusion criteria: Participants were excluded from the trial if they were male, fell outside of the approved age range, or did not have FM refractory to standard treatment. Additional exclusion criteria includes pregnancy or breastfeeding, inflammatory disorders, immunosuppression, malignancy in the past five years, uncontrolled psychiatric disorder, or allergy to the necessary laxatives or antibiotics for bowel cleanout. 
Study design: After being deemed eligible, patients completed baseline surveys and quantitative sensory testing (QST). Baseline questionnaires included: pain ranked on the numerical rating scale (NRS) of 0-10, the Fibromyalgia Impact Questionnaire (FIQ), Hospital Anxiety and Depression Scale (HADS), Pittsburgh Sleep Quality Index (PSQI), and mental and physical quality of life short forms (SF).  QST included cool and warm detection thresholds, and heat and cold pain thresholds, which were recorded when patients sensed a cold or warm sensation and when they sensed pain as thermal energy was delivered to the patient’s nondominant wrist via thermal electrode.  
They then underwent 3-day courses of vancomycin and neomycin, 24 hours of a clear liquid diet, and a polyethylene glycol bowel cleanout to decolonize their natural gut microbiota as much as possible. A loading dose of donor fecal material was administered in capsule form at week 0, and then maintenance doses were administered every 2 weeks for 8 weeks to effectively recolonize the guts of the participants. Healthy control donor FMT samples were obtained and produced into capsules from women who had been rigorously screened with questionnaires and blood and stool tests. The clinical trial participants kept daily symptom diaries and donated blood and stool studies at baseline, week 4, and week 8. They repeated their questionnaires and QST again 1 week after their final FMT. 
The most common AE was fatigue (42%), which led to 1 participant leaving the study after their 3rd FMT and another 2 leaving following the 4th FMT. Other minor AEs included abdominal pain (37%) and insomnia (34%). Less common AEs experienced were all gastrointestinal in nature, including: nausea, change in bowel movements, diarrhea, and flatulence, likely due to the change in their microbiomes and gastrointestinal environment.
Study conduct: In a post hoc analysis of Cai et al.’s study, it was determined that this is a low power study with n=14. Of note, this is a small pilot study, which makes any generalizations nearly impossible. The goal of this study was to observe differences in this small cohort to help guide and design future clinical trials. The clinical outcomes are relevant, with attention to changes in the microbiome post FMT and clinical quality of life questionnaires to gauge improvement in symptoms. In the case of this underpowered study, there is an increased risk of a type II error in which no difference was detected between some questionnaire scores and QST at baseline and follow up. Although the authors did see statistically significant differences in participants’ questionnaire scores at baseline and week 8, the small sample size makes it challenging to generalize their findings to larger populations. An intention to treat analysis was completed, including the 3 participants who did not complete and the 11 participants who did complete the study. All patients were accounted for throughout the trial. NNT/NNH could not be calculated due to the lack of a placebo group. 
Study results: The primary outcome of this study was to determine if participants would have a decreased pain rating via the NRS after FMT. The researchers conducted an ANOVA test to identify if there were any statistically significant changes in reported pain throughout the 12 weeks of the trial. They saw a statistically significant decrease in mean reported pain by the participants at week 0 and compared to weeks 8 (p<0.05), 9 (p<0.01), and 12(p<0.05).  12 of the 14 participants had at least a 2 point decrease in pain scoring on the NRS at 1 week post-final FMT (week 9), which suggests a clinically meaningful change based on previous research that reports minimal clinically important difference (MCID) in the NRS is a decrease in one point or score by 15%.9 
In addition to their primary outcome, Cai et al. also saw significant changes in other questionnaire responses at baseline and 1 week post-final FMT. After completing a Wilcoxon signed-rank test, the authors saw significant decreases in pain intensity (p<0.01), FIQ scores (p<0.01), anxiety and depression via HADS questionnaire (p<0.05), sleep disturbance via PSQI (p<0.01), and increased physical quality of life via SF-12 (p<0.05). Raw data were not available, but per figures, there was at least a 37.5% decrease in FIQ scores at baseline to 1 week post-FMT. Per previous research, at least a 14% change in FIQ score is deemed to be clinically relevant, so this observation of decreases in scores represents a clinically meaningful improvement to the participants’ abilities to perform instrumental activities as measured in the FIQ, such as prepare meals, climb stairs, attend work, and manage pain, sleep, and energy.10 Because raw data were not available, it is unclear if there was a clinically significant improvement in sleep quality via PSQI (MCID previously reported as 4.4), however the graphics show clinically meaningful improvements in anxiety (study showed an average decrease from 13 to 6, MCID previously reported in studies as 1.17-2.13) and depression (study showed average decrease of 11 to 5, MCID previously reported in studies as 1.48-2.54) via HADS.11,12 There were also clinically significant increases in physical quality of life (study showed an average increase of 35 to 50, MCID previously reported in a study as 3.29).13 
In summary, this suggests there were significant differences and clinically meaningful differences at baseline and 1 week post-final FMT in fibromyalgia symptoms measured via FIQ, anxiety, depression, and physical quality of life. There were no clinically meaningful differences in sleep quality as determined by MCID, however there were significant differences in baseline sleep quality to 1 week post-final FMT. They did not see any significant changes in the mental quality of life via SF-12 at week 0 and week 9. QST of pain control was also measured and analyzed via Wilcoxon signed-rank test in which there was an improved cold pain hypersensitivity (p<0.05) and near significant improvement in heat pain hypersensitivity (p<0.07). 
Cai et al. also analyzed stool samples from participants at baseline and post FMT, and stool samples and FMT capsules from the donors to ensure that the participants had adequate microbiotic colonization after their FMTs. Through inverse Simpson’s alpha diversity indices, which measure for richness of bacterial diversity, they saw that each of the three donors had distinct, significant differences and signatures in their gut microbiome. Participants prior to FMT did not cluster near the donors’ signatures and actually clustered near one another, however 4 weeks and 9 weeks into the trial, the stool from participants started to more closely resemble that of their donor’s stools, suggesting that adequate microbial colonization had occurred. The team then analyzed metabolic changes in the stool from participants before and after FMT. They saw a significant increase in primary bile acids, amino acids, tryptamine, tyramine, aspartate, and proline, and trends of increased secondary bile acids. They also observed a significant decrease in butyrate and 3-hydroxybuturate, a gut-protective short-chain fatty acid. 
In terms of safety, the study saw minor adverse effects (AEs) associated with the FMTs, the most common of which was fatigue (42%), which led to 3 participants not completing the study course. Other AEs were primarily gastrointestinal. There were no serious AEs, including death or major disability, that were seen in this trial. 
Study conclusions: Cai et al. acknowledge that while this was a small pilot-study, there are likely implications for the gut microbiome influencing the symptoms and severity of FM given the significant improvements in pain, anxiety, depression, and sleep after FMT from healthy donors. This study, which showed to be safe, sets a foundation for future clinical trials to investigate how changes in the microbiome may lead to improvement in FM symptoms. With that said, the authors acknowledge that their study has many limitations, namely the lack of blinding and controls and small sample size. Future trials and studies that use Cai et al.’s work as a baseline should aim to include blinding and controls into their study to make any potential findings more robust. 
Study limitations: Unblinded, no controls, low power and low sample size, single center study, likely more homogenous than United States population given recruitment was in Israel, therefore not generalizable to American population, participants were motivated to comply with treatments, short follow-up window. 

Study #2: Hou et al.
Summary: This study by Hou et al. is a double-blind randomized controlled trial that was conducted at Shanghai East Hospital in China.14 This trial investigated the use of ozonated water enemas for the alteration of gut microbiota and the treatment of FM symptoms. Ozonated (O3) water has bactericidal properties that may influence the composition of the microbiome. 59 participants with fibromyalgia were randomized into an intervention group (ozonated water enemas) and a control group (deionized water enemas). All participants completed baseline questionnaires, donated baseline stool samples, and were started on duloxetine 60mg/d one week prior to intervention. The first enema was given under colonoscopy and the remaining 6 enemas were done every 3 days as outpatients. Participants completed follow up questionnaires and stool samples, with 9 individuals being lost to follow up.  An additional 25 healthy controls were included for microbiota comparison.  
Validity assessment: summary: This study is a double-blinded randomized controlled trial. 
Inclusion criteria: Participants were deemed eligible if they were 18-60 years old, male or female, with a diagnosis of FM according to the ACR 2016 criteria. Additionally, individuals had to have a pre-treatment numeric rating scale (NRS) pain score of > 4.
Exclusion criteria: Individuals were excluded if they were outside of the age range and did not have FM. Additionally, they were excluded if they had neuropathic pain secondary to arthritis or soft tissue pain secondary to other rheumatic disease. They were also excluded if they had comorbidities such as inflammatory bowel disease, malignancy, heart, liver, or kidney disease, thalassemia, sickle cell anemia, G6PD deficiency, Graves’ disease, history of mental illness, or alcohol or drug use disorder. People who were pregnant were also excluded. Individuals were also excluded if they had used any analgesic, sedative, anti-inflammatory, antidepressant, or other drugs in the 4 weeks leading up to the trial.
Study design: Individuals with FM were recruited at the Shanghai East Hospital. Initially, 66 patients were recruited, and 59 were enrolled based on eligibility and willingness. Participants were randomly assigned to the treatment (n=30) or control groups (n=29). Another 25 healthy control participants without FM were also recruited for fecal microbiota comparison.  
At baseline visits, participants completed health surveys, including pain NRS, the widespread pain index (WPI), Hamilton anxiety scale (HAMA), and Pittsburgh sleep quality index (PSQI). Participants were also given duloxetine 60mg/d one week prior to the study. They were to continue the duloxetine throughout the study, however once the study began they could alter their doses as needed. 
As part of screening, the FM participants underwent colonoscopies to rule out any inflammatory bowel conditions. During the colonoscopy, the first treatment (750mL of ozonated or nonionized water) was applied in the ileocecal region of the colon. Of note, the water was prepared by a specialist who then sent the treatment to the performing physician, assuring blindness. Then, every 3 days, participants gave themselves 500mL rectal enemas for total of 6 rectal enemas. Throughout the study, there were 5 individuals in the O3 group and 4 individuals in the control group that were lost to follow up. This left 50 FM participants, 25 in each group. There were no statistical differences in the two groups’ average age, gender, BMI, NRS, WPI, HAMA, or PSQI at baseline. 
After the interventions, participants repeated the survey questionnaires and donated stool samples. Participants were followed for a total of 3 months. 
Study conduct: This study is a double-blinded randomized controlled trial with an n=50 for complete follow up. The team conducted a pilot study with a total of 20 participants (10 assigned to each group). 8 participants of the intervention group had improvements (80% effective rate) and 4 participants of the control group had clinical improvements (40%). This informed their study design size, with α=0.025 and β=0.1, to have at least 25 participants in each group. Despite these calculations, the post hoc analysis of Hou et al.’s study suggests it is underpowered due to low sample size. There were no significant differences between the control and intervention groups in terms of baseline questionnaire answers and other biometrics. The outcomes of the study are relevant, with the primary indicator being NRS score, and secondary indicators being changes in WPI, HAMA, PSQI, and duloxetine dosing. Additionally, the microbiota of pre and post treatment were also analyzed and compared to that of age, gender, and BMI matched controls. All participants were accounted for, however some were lost to follow up and therefore not included in the results. There was an intention to treat analysis, but because some individuals were lost to follow up, they were inevitably not included in final analyses. No safety data was reported. Without the raw data or supplemental information, a NNT analysis cannot be completed. 
Results: Hou et al. analyzed the fecal microbiota between the pre-O3, post-O3, and healthy control groups. The alpha diversity, or species richness, was significantly higher in the HC groups compared to the pre- and post-O3 FM groups. They saw a statistically significant increase in alpha diversity in the intervention group at their post-treatment stool collection. Not only did alpha diversity differ pre- and post-treatment, and compared to controls, but so did the presence of certain bacterial species. The intervention group prior to any treatment had higher abundance of Firmicutes and Bacilli. Post intervention, there was a statistical significant difference in such that Erysipelotrichales and Agathobacter dominated the microbial landscape. The healthy controls had greater enrichment of Bacteroidota and Bacteroidia.
	Participants also rated their pain on the NRS immediately prior to treatment, one week, one month, and three months post-intervention. There was a significant decrease in NRS at all three follow up time points in the O3 group compared to the control group (p<0.001). These results were also clinically meaningful decreases in pain, as the graphics depict an average decrease of NRS score of about 6 to less than 4, meeting the MCID previously defined as a 1 point or 15% decrease in NRS.9 Additionally, there were significant decreases at all three time points in the O3 group’s WPI (p<0.001), which is a component of the FIQ therefore does not have research-backed MCID, and HAMA scores (p<0.001), which does not have extensive research regarding its MCID either. There were significant increases in patients’ quality of sleep according to PSQI (p<0.001) at one and three months post-treatment (one week was not assessed). These increases in sleep quality are clinically meaningful as well, given that previous MCID has been established at 4.4, and in this study the average PSQI score went from about 12.5 to less than 6 at one month and three months post treatment.11 The O3 group also used a significantly lower dose of duloxetine than the control at all three follow up time points, indicating there was less need for pain medication, however it is unclear if the drug was taken less frequently or at lower doses daily. The O3 group averaged a dose of 20-30mg of duloxetine whereas the control group averaged around 60mg, suggesting a meaningful decrease in need for pain medication. This is relevant because duloxetine is not risk-free, and it does carry some increased risks of adverse effects as doses are increased. 
Conclusion: In this double-blinded randomized controlled trial by Hou et al., participants with FM were divided into an intervention group, receiving ozonated water enemas, and a control group with nonionized water enemas. After seven enemas, the authors followed up with patients at one week, one month, and three months post-treatment to assess for improvements in their FM symptoms, such as pain, sleep disturbances, and anxiety. The treatment groups had increased alpha diversity in their microbiomes post treatment and additionally had statistically significant improvements in all the quality of life measurements and a decreased need for pain medication. This study suggests that alterations in the gut microbiome, perhaps by mechanism of bactericidal ozonated water, may be of use in treating FM symptoms. However, this study was small with 59 participants receiving either treatment or placebo, and only 50 participants being included in final analyses due to 9 lost to follow up. The authors did not comment on the safety or adverse effects of this treatment which is a concerning oversight and omission. While ozonated enemas has been shown to be well tolerated in other studies, this is a key limitation of their publication.
Limitations: small sample size, single center study, likely more homogenous than United States population given recruitment was in China, therefore not generalizable to American population, participants lost to follow up, participants were motivated to comply and finish treatment, no adverse events or safety reported.

Study #3:  Durán-González et al.
Summary: The study by Durán-González et al. is a cross sectional cohort study that recruited 242 eligible women with and without FM.15  Participants completed health questionnaires and submitted blood and stool samples. The authors then completed a genomic and proteomic analysis of serum and stool samples in which they found significant differences between the two groups. Their primary outcome was to identify biomarkers that differed between FM and controls. A secondary outcome was to infer plausible biological mechanisms that may underlie the pathogenesis of FM with the observed differences in microbiota colonization and proteins in the two groups.
Validity assessment: summary: This is a cross sectional cohort study in which 242 female participants in Spain completed questionnaires and donated blood and stool samples for analysis. 
Inclusion criteria: Potential participants who were in registries of FM associations in Spain were contacted through an online survey. To be eligible for the FM group, the participants had to be females between 40-59 years old, have a BMI between 18.5 and 35.9, and have FM diagnosed according to the 2016 ACR criteria. To be eligible for the control group, the aforementioned had to be true aside from a FM diagnosis. 
Exclusion criteria: Individuals were deemed ineligible for the study if the following were true: they were not female or outside of the approved age or BMI range. Additionally, they could not currently be living with any cancer nor had any exposure to antibiotics within 30 days prior to sample collection. 
Study design: After screening, a total of 242 participants were approved with 199 individuals in the FM group and 43 individuals in the control group. All the participants then completed the short form survey (SF-36), which contains 36 questions that cluster into 8 main domains: physical functioning, physical health, emotional problems, mental health, energy, social functioning, pain, and general health. There was a statistically significant difference (p < 0.00001) between the FM and control participants amongst all eight domains in the SF-36, with the FM patients having worse health scores in all domains. Additionally, there were clinically significant differences in the SF physical (HC average = 88.02, FM average =10.88), and mental health measurements (HC average = 59.19 FM average = 18.60), both of which far surpass the MCID (SF physical MCID previously reported as 2.62-4.69, SF mental MCID previously reported as 4.46-6.79).12 The participants with FM additionally completed the revised Fibromyalgia Impact Questionnaire (FIQR), which measures the severity of their FM in their daily activities.  Both groups also reported on their smoking status, sedentarism, autoimmune disease, cardiovascular disease, metabolic disease, and antioxidant consumption, all of which had no significant differences between the two groups. 
	Participants then donated whole blood and stool samples for analysis. The plasma proteome was catalogued through liquid nano-chromatography and mass spectrometry. The authors determined that proteins with statistically significant differences of fold changes (1.2 or 20% increase, or 0.8 or 20% decrease) between the FM versus control groups would be further studied for protein pathway analysis. Stool samples were processed for genomic analysis via amplification of 16S rRNA for bacterial characterization. Further clusters were organized by Operational Taxonomic Unit (OTU), a standard practice in gut microbiota sequencing. 
Study conduct: The authors did choose their sample sizes with intention. They estimated that 2.4% of the population in Spain had FM, with 8.4% prevalence in those 40-49 years old and 6.7% in those 50-59 years old. With a confidence interval of 95% and α = 0.05, they calculated a necessary sample size of 198 for adequate power. While they did meet this sample size (n = 262), this study is still considered underpowered due to the overall low sample size. While it is inevitably a safe study, because there were no interventions applied, it is challenging to draw larger conclusions regarding the microbiome and FM. Because there were no interventions, a NNT/NNH cannot be calculated. The study was relevant, though, as they aimed to investigate differences in the microbiome and metabolites, and FM symptom scores against those of healthy controls. 
Results: The primary outcome of Durán-González et al.’s study is to determine if there are significant differences between the plasma proteome and gut microbiome and metabolome of those with and without FM. The secondary outcome was to draw potential conclusions about the mechanisms by which FM may be influenced by the over or underproduction or colonization of those proteins or microbiota. 
	The plasma proteome analysis revealed 242 proteins that were present in both the FM and control groups. A Mann-Whtiney test was applied to conclude whether proteins were significantly varied in expression between the groups. Of those 242, 30 proteins were differentially expressed, with 14 being overexpressed in FM and 7 under expressed in FM according to the predetermined cut-off of over/under expression ratio above. The most significant overexpression in protein mechanisms were categorized into the five following groups: complement system, complement cascade, atherosclerosis signaling, clathrin-mediated endocytosis signaling, and the liver-x receptor/retinoid-x receptor activation. 
	Of more relevance to this capstone are the detected differences in gut microbiome and subsequent metabolomes between those with and without FM. By analyzing OTUs, the authors determined there were 696 different bacterial species detected in the stool samples of participants. The authors performed a Mann-Whitney test with the calculated Shannon and Simpson indices to determine if there was a statistically significant difference in alpha diversity of the microbiota communities. Such, a statistically significant decrease in microbial alpha diversity in FM patients was observed, suggesting less richness in the microbial environments. Additionally, there was a variation in 19 specific OTU between FM and controls according to preset fold change parameters. A higher prevalence of three genera (Streptococcacae, Actinomycetaceae, and Mogibacteriacaea) and lower prevalence of 2 specific species (Bacteriodes cellulosilyticus and Intestinimonas massiliensis) were seen in FM. 
	From there, the function of the gut microbiota was analyzed via proteomic analysis of KEGG pathways, with 17 statistically significant differences between groups. Significantly upregulated protein function in the FM group includes: carbohydrate digestion and absorption, glycolysis and gluconeogenesis, and pyruvate metabolism. Downregulated proteins in the FM group include phenylpropanoid biosynthesis, PPAR signaling, and cynoamino acid metabolism. Based on the upregulated proteins, the researchers determined Streptococcus salivarius was the primary driver of these pathways.
Then, the authors looked at if there were underlying bacterial species or metabolites that correlated to quality of life measurements via SF and FIQR. They plotted the correlation coefficients and found that Faecalibacterium OTUs had a negative correlation with majority of the SF domains, including energy and pain. There were no significant correlations between the multiomic studies and the FIQR questionnaire. 
	For their secondary outcome, correlation heatmaps were produced to identify whether certain bacterial species were correlated with certain metabolites. For example, Streptococcus salivarius was significantly enriched in FM patients and has shown to be a modulator of inflammatory responses in previous in vitro studies, suggesting a potential mechanism underlying FM could be low level inflammation. The authors found that Bacteriodes spp. were less abundant in FM patients. Bacteriodes spp. have a known role in synthesizing GABA in the gut, suggesting that a deficiency in these bacteria may in turn lead to impaired GABA synthesis, which would lead to less inhibitory CNS neurotransmitter circulation. Additionally, the protein G3P, which plays a role in mitochondrial apoptotic pathway, was downregulated in FM patients’ guts compared to HC. The downregulation of G3P in addition to the enrichment of glycolysis and gluconeogenesis pathways suggests a potential mechanism for FM lay in mitochondrial dysfunction.
Conclusions: Durán-González et al.’s work investigated if there are identifiable and actionable FM biomarkers in the plasma proteome, and gut microbiome and metabolome. They found a significant difference in 30 proteins and 19 bacterial species between HC and FM patients, some of which may have implications in FM disease processes. Proposed mechanisms of pathology include mitochondrial dysfunction, decreased GABA synthesis, and impaired immunologic responses. Additionally, they found less alpha diversity in the guts of those with FM compared to HC, suggesting a microbial community with less richness may be implicated in FM disease onset or symptoms. This study was very safe as no intervention was implemented. Rather, this was a cross sectional study design that inherently is not as strong of a design as a RCT. Additionally, the authors did disclose financial support from Pronacera Therapeutics S.L., a company that is developing molecular, metabolomic tests for personalized medicine for numerous conditions, however the authors deny any payment nor conflict of interest. It was not explicitly stated whether the sponsor had a role in selecting patients or excluding patients, however the paper did state that Pronacera had no influence on the study, which suggests their involvement was truly monetary support. 
Limitations: Cross sectional, low power and small sample size, likely more homogenous than United States population given recruitment was in Spain, therefore not generalizable to American population, financial support questionable.

Study #4: Erdrich et al.
Summary: This study by Erdrich et al.is a cross sectional study that recruited women with and without FM in New Zealand.16 It is part of a larger data set from their FIDGIT Study in 2023 where they produced a prospective, cross sectional, case-controlled observational study.17 The primary outcome of this study was two-fold: to sequence the active bacteria in the guts of those with and without FM, and to investigate any relationship between bacterial species and FM clinical symptoms.
Validity assessment: summary: The study by Erdrich et al. is a cross-sectional cohort study of 156 female participants in New Zealand with and without FM who completed various surveys regarding pain, sleep, anxiety, depression, and other health metrics and donated fecal samples for analysis. 
Inclusion criteria: Participants were eligible if they were female, aged 18-75, and had a diagnosis of FM according to the 2016 ACR criteria or by a medical practitioner. Age-matched, healthy controls had to meet the above but could not have a diagnosis of FM. 
Exclusion criteria: Individuals were excluded if they were male, currently smoking, had diabetes mellitus, currently pregnant or breast feeding, or had any major comorbid illness, such as cancer or an inflammatory disease. Additionally, individuals were excluded if they could not withhold anti-inflammatory medication for at least 48 hours prior to sample collection. Participants could not have had exposure to probiotics within 2 weeks and antibiotics within 4 weeks of stool sample collection.
Study design: Of the 309 women who completed the initial eligibility survey, 113 were deemed eligible for the FM group and another 55 were eligible to be part of the healthy control group. Fecal metatranscriptomic data were available for 104 participants with FM and 52 controls, with n=156 for this study. It was not reported why 12 participants were not included in the fecal studies. The eligible participants completed numerous surveys regarding their health, including the widespread pain index and fibromyalgia severity scale from the 2016 ACR FM diagnostic criteria, the revised fibromyalgia impact questionnaire (FIQR), the short form survey (SF-36) regarding health measurements in variable categories, the functional bowel disorder severity index (FBDSI) and Rome IV FGID criteria, cognition score self rated on symptoms such as fibro fog, headache symptom questionnaire, GAD-2, medical outcomes sleep study scale, and oral health questionnaire. There was no significant difference in age between the two groups, however there was a significant increase in BMI, increase in blood pressure and heart rate, and worse habits in eating according to the healthy eating index in the FM group. The FIQR is correlated to the FIQ (r=0.88) and is faster to complete.18 Given that previous work states a 14% decrease in FIQ is a minimal clinically important difference and that the FIQR and FIQ are highly correlated, a similar approach will be taken to interpret a MCID for the FIQR (at least 14%).10 There were clinically meaningful differences in the two groups’ baseline FIQR scores with the controls having an average 76% lower score, clearing the 14% MCID as previously stated, however clinically meaningful differences could not be determined for the SF-36 due to the data not being grouped into physical and mental health domains, and for the FBDSI due to lack of consensus on MCID.  While clinically significant differences could not be determined, there were statistically significant differences in the groups’ baseline FIQR, sleep problems, FBDSI, and various SF domains (pain, vitality, general health) (p<0.001).
Participants donated stool samples after being free of anti-inflammatory medications for 2 days, probiotics for 2 weeks, and antibiotics for 4 weeks. Rather than using 16S rRNA sequencing like many other microbiome studies, Erdrich et al. elected to analyze the bacterial species present in fecal samples through metatranscriptomics, which aims to not only determine the bacterial taxa present, but also the activity of the bacteria by analyzing the RNA transcripts they are producing. This provides more of a functional assessment than 16S rRNA sequencing does. 
Study conduct: Erdrich et al. calculated that a sample size of 156 was necessary to meet 82.8% power.  However, this is considered a low powered study with the objectively smaller sample size of n=156. Additionally, the study is observational with no intervention, which subsequently inhibits from calculating a NNT/NNH and making broad conclusions regarding relationships between the gut microbiome and symptoms. Accounting was not adequate as 12 participants were not included in the fecal analysis. While it may be assumed that the said participants did not meet the necessary wash out of anti-inflammatory medications or probiotics or antibiotics, the authors did not comment on why these participants were not included. 
Results: The primary outcome of Erdrich et al.’s study is to determine the active gut bacteria in women with and without FM, and to investigate relationships between certain microbiota and certain symptoms of FM. 
After calculating the alpha diversity, which is a measure of microbial diversity within a sample, through the Shannon diversity index, the authors found no significant difference in microbial richness, evenness, or diversity within FM versus control samples (p=0.21), however did see a trend toward decreased microbial richness in the FM samples (p=0.09). 
When analyzing the individual bacteria results, the authors first performed t-tests or Wilcoxon rank tests depending on if data were normal. They then proceeded to apply the Benjamini-Hochberg formula to microbial taxa data in order to limit the false discovery rate, or false positive rate. They used the Benjamini-Hochberg cut off of q<0.10, rather than p<0.05, to determine statistically significant differences in microbiota between the two groups. There were no statistically significant differences (q<0.10) in bacterial species between the FM and control groups. However, there was a significant relationship found between cognitive impairment and presence of Parabacteriodes johnsonii (q<0.10) in fecal samples. P. johnsonnii, which is a bile-tolerant anaerobe, has been shown to be related to increased mitochondrial function in rodents.  Additionally P. johnsonii was positively associated with higher FIQR score and higher pain score on the SF and worse energy levels on the SF. These findings suggest that there could be an underlying causal relationship between P. johnsonii and potentially mitochondrial function, and many of the symptoms of FM. 
While not significant according to the Benjamini-Hochberg requirements, there are some notable bacterial taxa to consider. Colstriudim scindens (p<0.001, q<0.26), and Enterocloster bolteae (p<0.03, q<0.61) were, albeit, insignificantly increased in FM patients, and both produce secondary bile acids, which have been theorized to be increased in those with FM.
Study conclusions: Erdrich et al.’s study investigated relationships between gut microbiota and symptoms of FM in those with and without FM through a cross sectional cohort study. Participants completed multiple health surveys and donated a stool sample which was sequenced through metatranscriptomic methods. The study analysis was designed to eliminate the possibility of falsely positive relationships between bacterial species and symptoms through application of the Benjamini-Hochberg formula. The authors found no statistically significant differences in alpha diversity nor bacterial taxa between the fecal microbiomes of women with and without FM. They did see a significant correlation between one bacterial species, Parabacteriodes johnsonii, and subjective cognitive symptoms. This study was safe as it was purely observational without any intervention applied. While the authors did not find statistical differences between microbiota the groups, this study did observe some relationships with plausible biologic mechanisms underlying FM that would be worth future investigation.
Study limitations: Cross sectional, low power and small sample size, likely more homogenous than United States population given recruitment was in New Zealand, therefore not generalizable to American population, significant variances in baseline health of control vs FM group.












Table 1. Study characteristics, outcomes, and safety profiles.
	Study/ Design
	Total Patients 
	Active
	Comparison 
	Patient Timeline
	Efficacy Outcome 
	Safety Outcome

	Cai et al. 2025 / open label pilot study
	n=14
	FMT from healthy controls
	none
	12 weeks
	NRS, FIQ, HADS, SF-12, Quantitative sensory testing, gut microbiome and metabolites
	Fatigue, abdominal pain, change in BM

	Hou et al. 2025 / double-blinded randomized control trial
	n=50
	Ozonated enema
	Placebo enema
	12 weeks
	NRS, WPI, HAMA, PSQI, gut microbiome 
	Not reported

	Duran-Gonzalez et al. 2025 / cross sectional cohort
	n=242
	FM gut microbiome and plasma metabolites
	HC gut microbiome and plasma metabolites
	N/A
	FIQR, SF-36, gut microbiome and metabolites
	N/A

	Erdrich et al. 2025 / cross sectional cohort
	n=156
	FM gut microbiome  
	HC gut microbiome
	N/A
	FIQR, SF-36, cognitive questionnaire, MOSSS, gut microbiome 
	N/A




Key for Table 1: FM = fibromyalgia, HC = healthy control, NRS = numerical rating scale, FIQ = fibromyalgia impact questionnaire, FIQR = revised fibromyalgia impact questionnaire, HADS = hospital anxiety and depression scale, SF = short form, WPI = widespread pain index, HAMA = Hamilton anxiety scale, PSQI = Pittsburgh sleep quality index, MOSSS = medical outcomes study sleep scale













Table 2. Validity assessments. 
	Study
	Study Design
	Meaningful Clinical Endpoint
	Blinding
	Meaningful Comparison
	Adequate Patient  timeline (>12 wks)
	Patient Accounting
	Intention to treat analysis
	Power adequate
	Safety
	Grade

	Cai et al. 2025
	Open label pilot clinical trial study
	Y
	N
	Y
	Y
	A
	A
	I
	HQ
	LQ

	Hou et al. 2025
	Double-blinded RCT
	Y
	Y
	Y
	Y
	I*
	N
	I
	NR
	MQ

	Duran-Gonzalez et al. 2025
	cross sectional cohort
	Y
	N
	Y
	N/A
	A
	N/A
	I
	N/A
	LQ

	Erdrich et al. 2025
	cross sectional cohort
	Y
	N
	Y
	N/A
	I
	N/A
	I
	N/A
	LQ


*9 pts lost to follow up
Key for Table 2: A = Adequate, M = Marginal, I = Inadequate, H = High Quality, MQ = Moderate Quality, LQ = Low Quality, IQ = Inadequate Quality


Table 3. Summary of results.
	Study
	Results

	
	Microbiota and metabolites
	Quality of Life

	Cai et al. 2025
	Significant increase in primary bile acids, amino acids after FMT.
	Significant decrease in pain NRS, FIQ, anxiety, depression, sleep disturbance after FMT
Significant increase in sleep quality after FMT
Significant improvement in cold pain after FMT
No significant changes in mental QoL or heat pain

	Hou et al. 2025
	Significant increase in alpha diversity in treatment group. Enrichment of bacterial species differed amongst pre, post, and HC.
	Significant improvement in pain NRS, anxiety, and sleep quality in treatment group

	Duran-Gonzalez et al. 2025
	Significant difference in 30 proteins and 19 bacterial taxa between guts of FM and HC.
	Faecalibacterium had a negative correlation with majority of SF domains (including energy, pain)

	Erdrich et al. 2025
	No significant difference in gut microbiome between FM and HC.
	P. Johnsonii had a significant correlation with cognitive dysfunction





Discussion
Study end points: This paper includes an analysis of four studies published in 2025 that investigate the relationship of the gut microbiome and FM. Two studies were interventional clinical trials and another two were cross sectional cohort studies. While methodology differed amongst these studies, they all found some statistically significant relationship between the gut microbiota and at least one symptom of FM. 
	Cai et al.’s pilot study followed 14 individuals with FM after FMT from healthy controls. This pilot study was small and lacked blinding and placebo, however the intervention proved to be safe and promising for improving FM symptoms. Cai et al.’s study saw clinically significant improvement in numerous measures, such as pain, anxiety, and depression. This open label trial serves as a launching point for future, larger FMT studies in patients with FM. In contrast to Cai et al.’s study, Hou et al. performed a double-blinded randomized control trial in which 50 participants’ responses to ozonated or control enemas were analyzed. This study design was structurally sound, however the sample size was small and there were a few inexcusable pitfalls in their paper and analysis. 9 individuals were lost to follow up and it was unclear if they were included in the analysis (up to the point they remained participating). Additionally, this group made no comment on the safety outcomes within their current trial which was peculiar. They did see significant improvements in all quality of life measures and clinically significant improvements in pain and sleep in the O3 group. Hou et al. also saw changes in the gut microbiome in the participants from the blinded intervention group. All of these findings together support some utility of ozonated water enemas in recolonizing the gut and improving FM symptoms. Future studies should include larger sample sizes, an intention to treat analysis, raw data for NNT calculations, and a comment on safety outcomes. Both Cai et al. and Hou et al.’s studies were single site trials, and would benefit from broader recruitment, especially since Cai et al. recruited in Israel and Hou et al. recruited in China, which are likely more homogenous populations in comparison to the United States. 

	The other two studies analyzed were both cross sectional studies in which patients with FM and HC completed questionnaires and donated stool samples with the goal to detect differences between the two groups. Durán-González et al. studied 242 participants and found significant differences between numerous bacterial species and metabolites in controls versus individuals with FM. They also saw correlations between Faecalibacterium and the short form health domains. In contrast, Erdrich et al. did not find significant differences in the gut microbiome between their population of FM and HC participants (n=156). However, it is challenging to directly compare the two studies given the differences in bacterial sequencing (16S rRNA sequencing versus metatranscriptomics) and differences in statistical significance cut offs (p<0.05 versus q<0.10). Erdrich et al. did see a correlation between one bacterial species and cognitive dysfunction. Overall, these studies sought to distinguish microbiotic differences between those with and without FM, but they cannot draw conclusions about causation due to the nature of their cross sectional design.
	In summary, these studies all had relevant clinical outcomes, however they were all small, single site studies. The sites for the studies included: Israel, China, Spain, and New Zealand, all of which are likely more homogenous than that of the United States. Additionally, these site populations likely vary from one another in terms of cultural factors that impact their general health, making it challenging to draw conclusions together given these inherent differences. All four studies were of subpar quality with low power, making it challenging to draw any strong conclusions regarding the relationship between FM and the gut microbiome; however, their work is relevant to the development of future studies that may be able to draw stronger conclusions. 
Future directions
	The most recently published literature, as discussed in this capstone, suggests that the gut-brain-axis may be contributing to both the pathogenesis and the symptoms of FM. Cross sectional studies, like the work of Durán-González et al. indicate that there actionable differences in the gut microbiome and metabolome of those with FM. While Erdrich et al. did not see significant differences between FM and control patients, they did see a significant association of one gut bacteria and cognitive dysfunction. In addition to cross sectional studies are clinical trials, such as those by Cai et al. and Hou et al., that show improvements in FM symptoms after alterations in participants' gut microbiomes through FMT or ozonated enemas. While these studies support the importance of the gut microbiota in FM, they are just laying the groundwork for future research.
	These early studies show enough promise to encourage the development of more robust clinical trials to investigate how altering the gut microbiome may impact FM course. Ideally, trials should have a large sample sizes, ideally at least 500 participants per group, and should be designed for multi-center recruitment. An example for future work would be a double-blinded randomized control study in which participants with FM are divided into two groups, one of which receives healthy control FMT capsules and the other receives placebo capsules. These participants would be followed for at least one year and their FM symptoms would be graded at various time points throughout the study via validated questionnaires, such as the pain NRS, FIQR, PSQI.  Another avenue to pursue would be to investigate the utility adding a fiber supplement versus placebo powder to diets, with the goal of looking at how prebiotics (ie: fiber), can recolonize the gut and impact FM. Rifaximin, a gut selective antibiotic, has also shown utility in treating small intestinal bacterial overgrowth and irritable bowel syndrome, suggesting that it could potentially be of use in altering and repopulating the gut microbiota. 
	There are a variety of studies that could be designed to investigate the relationship between the gut microbiome and FM, whether that be through FMT, prebiotics, probiotics, antibiotics, or change in diet. Despite the intervention, future trials should aim for a large sample size, higher power, and a double-blinded randomized controlled trial for future conclusions to be drawn. 



Conclusion
	FM remains an elusive disease: there are no current diagnostic biomarkers associated with it and the pathophysiology remains contested. There is a need to investigate why FM happens how that pathology can be targeted for treatment. Research on the gut microbiome is flourishing. The work reviewed in this capstone supports the relevance of using the gut microbiome to help diagnose and treat FM. The four studies reviewed were of lower quality, however two saw improvements to participants’ FM symptoms after altering their gut microbiomes, one saw unique bacterial and metabolomic signatures in FM that differed significantly from HC; and the final study found a relationship between one bacteria and cognitive dysfunction symptoms. These findings suggest there could be utility in developing larger, randomized control studies that investigate how alterations in the gut microbiome may aid in diagnosing and treating FM symptoms. It is time the greater medical and scientific community stop dismissing FM patients and telling them that their symptoms are all in their head, when in reality, they may be in their guts.


	






References
1.	Wolfe F. Fibromyalgia wars. J Rheumatol. Apr 2009;36(4):671-8. doi:10.3899/jrheum.081180
2.	Longo DL, Fauci AS, Kasper DL, et al. Harrison's principles of internal medicine. 22nd edition. ed. Principles of internal medicine. McGraw-Hill; 2025.
3.	Wolfe F, Clauw DJ, Fitzcharles MA, et al. 2016 Revisions to the 2010/2011 fibromyalgia diagnostic criteria. Semin Arthritis Rheum. Dec 2016;46(3):319-329. doi:10.1016/j.semarthrit.2016.08.012
4.	Kahn J. Chronic Pain Is a Hidden Epidemic. It’s Time for a Revolution. The New York Times Magazine 2025. https://www.nytimes.com/2025/01/12/magazine/chronic-pain.html
5.	Maher C, Gaffiero D. Exploring the lived experiences of patients with fibromyalgia in the United Kingdom: a study of patient-general practitioner communication. Psychol Health. Mar 6 2025:1-22. doi:10.1080/08870446.2025.2474013
6.	Viderman D, Kalikanov S, Mukazhan D, Nurmukhamed B. Neurophysiological, Radiological, and Molecular Biomarkers of Pain-Related Conditions: An Umbrella Review. J Clin Med. Jan 9 2026;15(2)doi:10.3390/jcm15020550
7.	Dipalma G, Marinelli G, Ferrante L, et al. Modulating the Gut Microbiota to Target Neuroinflammation, Cognition and Mood: A Systematic Review of Human Studies with Relevance to Fibromyalgia. Nutrients. Jul 9 2025;17(14)doi:10.3390/nu17142261
8.	Cai W, Haddad M, Haddad R, et al. The gut microbiota promotes pain in fibromyalgia. Neuron. Jul 9 2025;113(13):2161-2175 e13. doi:10.1016/j.neuron.2025.03.032
9.	Salaffi F, Stancati A, Silvestri CA, Ciapetti A, Grassi W. Minimal clinically important changes in chronic musculoskeletal pain intensity measured on a numerical rating scale. Eur J Pain. Aug 2004;8(4):283-91. doi:10.1016/j.ejpain.2003.09.004
10.	Bennett RM, Bushmakin AG, Cappelleri JC, Zlateva G, Sadosky AB. Minimal clinically important difference in the fibromyalgia impact questionnaire. J Rheumatol. Jun 2009;36(6):1304-11. doi:10.3899/jrheum.081090
11.	Longo UG, Berton A, De Salvatore S, et al. Minimal Clinically Important Difference and Patient Acceptable Symptom State for the Pittsburgh Sleep Quality Index in Patients Who Underwent Rotator Cuff Tear Repair. Int J Environ Res Public Health. Aug 17 2021;18(16)doi:10.3390/ijerph18168666
12.	Gronkvist R, Vixner L, Ang B, Grimby-Ekman A. Measurement Error, Minimal Detectable Change, and Minimal Clinically Important Difference of the Short Form-36 Health Survey, Hospital Anxiety and Depression Scale, and Pain Numeric Rating Scale in Patients With Chronic Pain. J Pain. Sep 2024;25(9):104559. doi:10.1016/j.jpain.2024.104559
13.	Diaz-Arribas MJ, Fernandez-Serrano M, Royuela A, et al. Minimal Clinically Important Difference in Quality of Life for Patients With Low Back Pain. Spine (Phila Pa 1976). Dec 15 2017;42(24):1908-1916. doi:10.1097/BRS.0000000000002298
14.	Hou Q, Zhang J, Su Z, et al. Clinical Trial of Ozonated Water Enema for the Treatment of Fibromyalgia: A Randomized, Double-Blind Trial. Pain Physician. Jan 2025;28(1):E13-E22. 
15.	Duran-Gonzalez E, Ramirez-Tejero JA, Perez-Sanchez M, et al. Fibromyalgia diagnosis from a multi-omics approach: a gut feeling. Front Microbiol. 2025;16:1641185. doi:10.3389/fmicb.2025.1641185
16.	Erdrich S, Gelissen IC, Toma R, Vuyisich M, Harnett JE. Fecal Microbiome in Women With Fibromyalgia: Functional Composition and Symptom Correlations. ACR Open Rheumatol. Sep 2025;7(9):e70115. doi:10.1002/acr2.70115
17.	Erdrich S, Hawrelak JA, Myers SP, Vuyisich M, Harnett JE. Investigating the association between the symptoms of women with Fibromyalgia, Digestive function, and markers of the microbiota of the Gastrointestinal Tract (The FIDGIT Study): study protocol. BMC Musculoskelet Disord. Feb 27 2023;24(1):150. doi:10.1186/s12891-023-06259-3
18.	Costa C, Pinto AM, Pereira AT, Marques M, Macedo A, Pereira da Silva JA. Psychometric properties of the Revised Fibromyalgia Impact Questionnaire (FIQR) - a contribution to the Portuguese validation of the scale. Acta Reumatol Port. Jul-Sep 2016;41(3):240-250. Psychometric properties of the Revised Fibromyalgia Impact Questionnaire (FIQR) - a contribution to the Portuguese validation of the scale. 

