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Abstract
Background: Fibromyalgia (FM) affects approximately 1.7 to 2.8 million people in the UK, yet traditional pharmacological management often yields poor clinical outcomes. Recent biological insights suggest FM is a complex network disorder involving central sensitisation and metabolic dysfunction.
Objectives: This scoping review aimed to map the nature and extent of biological evidence supporting non-pharmacological wellness interventions, specifically examining their impact on physiological markers and physical capacity.
Methods: Following Aveyard’s (2023) framework, a systematic search of PubMed, ProQuest, and the UWTSD Library Database was conducted. Nine peer-reviewed studies (2021–2025) were selected for full-text thematic analysis, including randomised controlled trials and systematic reviews.
Findings: The synthesis identified three core themes: (1) Brain and Chemical Repair, where interventions like aerobic exercise trigger growth hormone release to counter neurological hypervigilance; (2) Oxygen and Energy Flow, where muscle oxygenation and lung capacity are enhanced through metabolic "fuelling"; and (3) Nervous System Reset, where Vagus Nerve Stimulation and mindfulness practices transition the body from a defensive "fight or flight" state to a recovery state.
Conclusion: The evidence suggests that while passive therapies provide immediate symptomatic relief, active "multimodal" interventions are required to address the underlying biological pathophysiology of FM. Recommendations include shifting UK primary care toward longer-term, active wellness programs and conducting further large-scale "sham" controlled trials to mitigate current research biases.
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Introduction
Fibromyalgia (FM) is a pervasive and complex chronic pain syndrome that presents a significant challenge to the UK’s health and social care sectors. Current estimates suggest that between 1.7 and 2.8 million people in the UK are living with the condition (Arthritis UK, 2024). Despite its prevalence, FM management remains largely inconsistent across the NHS, often characterised by a "trial and error" approach to medication (NHS, 2022). Historically, the condition was frequently stigmatised as "attention-seeking"; however, modern diagnostic tools like the Polysymptomatic Distress (PSD) scale have provided the clinical legitimacy needed to shift FM from a misunderstood symptom cluster to a recognised "dimensional" disorder (Wolfe et al., 2023).
1.2 The Biological Shift
Recent advancements in neuroimaging and pathology have redefined our understanding of FM. Emerging research into Small Fibre Neuropathy (SFN) and Central Sensitisation suggests that FM is a systemic "network disorder" rather than a simple musculoskeletal issue (Gyorfi, Rupp, and Abd-Elsayed, 2022). As evidenced by Cavicchioli et al. (2025), neuroimaging now shows that the FM brain is chemically and structurally wired to remain in a state of "hypervigilance," where neutral stimuli are processed as painful by the brain's alert centres, such as the insula.
1.3 Rationale for the Scoping Review
The traditional reliance on pharmacological interventions, particularly opioids, has historically resulted in poor clinical outcomes and a diminished quality of life for patients (Wolfe et al., 2023). This review is necessitated by a vital gap in the literature: the need to synthesise emerging biological data to justify a shift toward holistic, non-pharmacological care models (Metyas et al., 2024). By mapping the extent of evidence supporting lifestyle-based management - including diet, physical activity, and nervous system regulation - this research aims to reveal how metabolic and neurological "resets" can bridge the gap between biological theory and primary care practice.
1.4 Research Question and Objectives
This scoping review asks: "What is the nature and extent of the evidence regarding the impact of diverse physiological and lifestyle interventions on the biological markers and physical capacity of patients with Fibromyalgia?"


The primary objectives are:
1. To map the evidence linking FM pathophysiology to lifestyle interventions (diet, exercise, and mental wellness).
2. To evaluate how these interventions affect biological markers such as Growth Hormone (GH), Brain-Derived Neurotrophic Factor (BDNF), and Heart Rate Variability (HRV).
3. To identify gaps in current research that prevent the widespread adoption of personalised, evidence-based self-management strategies in the UK.




2.0 Background: The Evolving Landscape of Fibromyalgia Management and Biological Understanding
Historically, Fibromyalgia was characterised as 'fibrositis' in 1904 and later as a 'pain syndrome' in 1950 due to its lack of visible organic pathology. The modern definition was established in the 1970s by Smythe and Moldofsky, who introduced the term 'Fibromyalgia' and pioneered the use of 'tender points' as a primary diagnostic criterion (Gyorfi, Rupp and Abd-Elsayed, 2022). Contemporary diagnosis utilises multidimensional validated metrics, including the Fibromyalgia Symptom (FS) score, Polysymptomatic Distress (PSD) scale, the Fibromyalgia Impact Questionnaire (FIQ-R) and the revised Fibromyalgia Assessment Scale (FAS mod). These instruments enable clinicians to quantify the aggregate symptom burden across various domains, including sleep, mood, fatigue, and pain distribution (Wolfe et al., 2022).
While the 2021 NICE guidelines provide a clearly defined, person-centred assessment framework, their management recommendations remain contentious. Current guidance prioritises non-pharmacological interventions, yet this 'pragmatic' shift has been criticised for oversimplifying the heterogeneous biological nature of chronic primary pain and overlooking the limited efficacy of standard treatments (Eccleston et al., 2021).
The complex pathophysiology of Fibromyalgia is often characterised as a 'chemical cocktail,' involving diminished serotonin levels, elevated cortisol, and dysregulation of the GABAergic system. Furthermore, emerging evidence identifies small fibre neuropathy and an impaired metabolic 'clearance' of dopamine and adrenaline as core components of the condition's biological profile (Gyurfi, Rupp and Abd-Elsayed, 2022).
Current clinical consensus indicates that managing the complex pathophysiology of Fibromyalgia requires a multimodal approach, integrating both pharmacological and non-pharmacological strategies (Filipovic et al., 2025). However, significant gaps remain in understanding how these diverse interventions - ranging from dietary modifications to physical exercise - specifically alter the underlying biological markers of the disease. Addressing sedentary behaviour and systemic inflammation is critical to improving patient wellness; yet the precise physiological impact of these treatments requires further mapping.




3.0 Research Aims and Objectives
3.1 Aims and Objectives
The primary aim of this review is to map the existing literature to:
· Identify the specific biological and physiological markers (such as growth hormone levels, VO2 max, and inflammatory cytokines) that characterise the systemic nature of Fibromyalgia and demonstrate measurable change following non-pharmacological interventions.
· Examine the efficacy of neuromodulators and self-management interventions -including Vagus nerve stimulation, physical exercise, nutritional modifications, and mental/spiritual wellness practices - in mitigating core symptoms of Fibromyalgia such as chronic pain, anxiety, and depression.
· Analyse the relationship between these lifestyle interventions and measurable biological changes to determine the nature and extent of current evidence for multimodal care.
· Highlight gaps in the current evidence base to inform future "multimodal" clinical practices.


4.0 Methodology
4.1 Study Design
This study follows the structured scoping review framework established by Aveyard (2023) to systematically map the nature and extent of existing literature regarding Fibromyalgia (FM). Aveyard’s approach is particularly suited to this review as it provides a clear, five-stage process for identifying, selecting, and charting diverse evidence. By utilising this framework, the review can synthesise complex 'multimodal' data - ranging from neurological stimulation to spiritual wellness- to identify key themes and address gaps in current clinical understanding.

4.2 Search Strings
Following an identification of key search terms, three separate Boolean search strings were developed. This refinement was necessary to manage the breadth of available literature and to ensure the final selection strictly adhered to the study’s inclusion criteria regarding physiological data and wellness practices:

· String 1: (Fibromyalgia OR Fibrositis) AND (Holistic OR Lifestyle OR "Non-pharmacological") AND (Biol* OR Physio*)
· String 2: (Fibromyalgia OR Fibrositis) AND (Diet* OR Nutrition*) AND (Cytokine* OR Inflammation OR "Small Fib* Neuropathy")
· String 3: (Fibromyalgia OR "Central Sensiti*") AND (Mindfulness OR Spiritual* OR Wellness) AND (Cortisol OR "Heart Rate Variability" OR fMRI)




4.3 Selection Criteria
To ensure a systematic and transparent selection process, the PICOS framework (Population, Intervention, Comparison, Outcomes, and Study Design) was utilised to screen the initial 443 identified papers (Page et al., 2020; Aveyard, 2023).

	Criterion
	Inclusion Criteria
	Exclusion Criteria

	Population
	Adults (18+) clinically diagnosed with Fibromyalgia.
	Children or adolescents (under 18); studies focusing on “General Chronic Pain” without a specific diagnosis on fibromyalgia; secondary pain conditions (e.g., Rheumatoid Arthritis, Lupus or Cancer-related pain).

	Intervention
	Non-pharmacological/multimodal interventions: Exercise, Nutrition, Mental/Spiritual Wellness, and Vagus Nerve Stimulation (VNS).
	Pharmacological-only studies (drug trials); invasive surgical interventions.

	Comparison
	Control groups (standard care, sedentary or healthy controls) or baseline to post-intervention comparisons. 
	Studies with no clear baseline or comparison metrics.

	Outcomes
	Measurable Biological/Physiological Markers (e.g., Cortisol, Cytokines, VO2max, HRV) and Wellness/Symptom scores.
	Studies relying only on qualitative interviews or self-reported “feelings” without physical data.

	Study Design
	Primary research, Meta-analyses, Systematic Reviews and Peer-reviewed Journal Articles published after 2021.
	Editorials, opinion pieces and non-academic blogs; studies published before 2021.








4.4 PRISMA Flow Diagram: Study Selection Process
63,417 Records identified through database searching
Identification


443 records screened after automated filters (date, language, peer-review).




Screening
443 Records manually screened
61 Records excluded after screening



52 Records after duplicates removed



Eligibility


43 Full-text articles excluded
52 Full-text articles assessed for eligibility



Included


9 Studies included in thematic analysis



The initial search yielded a total of 63,417 results across PubMed, ProQuest, and the UWTSD Library. This high volume was primarily due to the broad nature of terms within String 2 in ProQuest. Following the application of database filters (Peer-review, English language, and Date range), the number was refined to 443 potentially relevant articles. After a secondary screening of titles and abstracts against the PICOS exclusion criteria (e.g., under 18s and non-fibromyalgia pain), and the removal of duplicates, the final sample of 9 papers was selected for full-text thematic analysis.Included


4.5 Ethical Research Considerations
As this study is a scoping review of existing, publicly available, peer-reviewed literature, direct ethical approval was not required. However, ethical integrity was maintained by ensuring all included primary research protocols adhered to the Declaration of Helsinki (Emanual et al., 2008). Furthermore, the selection process remained transparent and objective to prevent 'cherry-picking' of data, ensuring a balanced representation of the biological evidence currently available (Aveyard, 2023).

4.6 Data Synthesis and Thematic Analysis

Following the selection of the 9 key papers, a thematic analysis was conducted to synthesise the findings. This process followed the iterative phases of thematic analysis as described by Arksey and O'Malley (2005) and Aveyard (2023):

· Charting the Data: A narrative 'charting' approach was used to extract essential elements from each study, including the methodology, intervention type, and the specific biological/physiological markers. This process focused on high-level diagnostic date – such as Growth Hormone (GH) response, fMRI neural topography, muscle oxygenation (SmO2), and Heart Rate Variability (HRV). This ensured that the ‘how’ of each study (the statistical rigor) was captured alongside the ‘what’ (the clinical outcome).
· Collating and Summarising: The extracted data were then collated to identify recurring themes across the 9 papers. These findings were grouped into three overarching themes – Brain and Chemical Repair, Oxygen and Energy Flow and Stress and System Reset – to provide a comprehensive map of the nature and extent of the current evidence in Fibromyalgia care.



5.0 Results
5.1 Charting the Evidence: Summary of Identified Studies

	Author (Year)
	Type of Study
	Sample Size
	Research Method
	Main Findings
	Initial Codes

	Baldi et al., 2022
	8-week Ancient Chinese Wheat Diet vs. Standard Diet.
	20 (1M:19F).
	Randomised Cross-Over Trial.
	Significant reduction in pain severity and improved quality of life.
	Diet;
Pain relief; QoL.

	Cavicchioli et al., 2025
	21 fMRI studies using painful stimuli (Pressure, Heat, and Incision stimuli).
	N=959 (539 Fibromyalgia patients; 420 Healthy Controls) across 21 studies.
	Systematic Review & Meta-analysis.
	Evidence of hypervigilance and “pain catastrophising” at a neutral level.
	Brain, hypervigilance, and catastrophising.

	Ladisa et al., 2025
	Heart Rate Variability (HRV) analysis to measure stress and nervous system balance.
	N = 120 
(85 FM; 35HC)
	Pilot Case-Control Study.
	High correlation between low complexity and high physical impairment (FIQ).
	Heart-stress-link: physical impairment.

	Salgado et al., 2022
	2 sessions of Gentle Manual Therapy (GTT) vs. Placebo (Sham) over 180 days.
	N = 82 
64 FM; 18HC)
	Double-blinded Randomised Control Trial.
	Significant reduction in Affective Pain and lower serum BDNF levels.
	Emotional pain and nerve chemicals

	Perin et al., 2025
	6 studies (4 clinical, 2 protocols) on Vagus Nerve Stimulation (VNS).
	N =208 (across 6 studies).
	Systematic Review.
	VNS has been shown to reduce pain, fatigue and depression by “resetting” the inflammatory reflex.
	Vagus nerve reset and inflammation control.

	Mercen et al., 2023
	High-intensity aerobic exercise vs Treatment as Usual (TAU).
	N = 56 (All women).
	Randomised Controlled Trial (RCT).
	Significant increase in GH response and Aerobic Capacity (VO2max); improved quality of life.
	Aerobic capacity and hormone response.

	Rubio-Zarapuz et al., 2024
	Control Neuromodulation Suit, Suit + VR and exercise.
	N = 89 (All Women)
	4-Arm RCT.
	Suit + VR and Exercise groups showed the largest gains in muscle oxygenation and pain (NRS).
	Muscle oxygen and tech assisted recovery.

	Navarro-Ledesma et al., 2022
	Physiotherapy vs. Exercise for Well-being vs. Control.
	N = 93 (All women)
	3-Arm RCT.
	Both active groups significantly improved lung capacity and muscle strength, leading to higher Quality of Life (S-FIQ).
	Lung capacity and muscle strength.

	Rodriguez-Mansilla et al., 2023.
	Traditional Chinese technique (Qi Gong).
	N = 93 (All women)
Physiotherapy vs traditional technique vs control group.
	Cross-sectional correlation study.
	Significant improvement in muscle strength, Range of Movement (ROM), spirometry and Quality of Life.
	Range of motion and breathing improvement.





5.2 Developing Themes
	Theme 1: Brain and Chemical Repair
	Theme 2: Oxygen and Energy Flow
	Theme 3: Stress and System Reset

	Cavicchioli et al. (2025)
	Baldi et al. (2022)
	Ladisa et al. (2025)

	Salgado et al. (2022)
	Mercen et al. (2023)
	Perin et al. (2025)

	Marcen et al. (2023)
	Rubio-Zarapuz et al. (2024)
	Rodriguez-Mansilla et al. (2023)

	
	Navarro-Ledesma et al. (2022)
	Cavicchioli et al. (2025)

	
	Rodriguez-Mansilla et al. (2023)
	


5.3 Thematic Analysis
Theme 1: Brain and Chemical Repair
According to the synthesised evidence, the biological "repair" of the central nervous system is a primary mechanism in the treatment of Fibromyalgia (FM). Cavicchioli et al. (2025) conducted a Systematic Review and Meta-analysis of 21 fMRI studies using GingerALE 3.0.2 software to perform coordinate-based meta-analyses of neuroimaging results. Their method applied Family-Wise Error (FWE) correction (p < 0.05) to identify topographical neural organisation. The results provided evidence of "hypervigilance," where the brain is structurally and chemically wired to overreact to neutral stimuli compared to healthy controls.
To address these brain changes, Mercen et al. (2023) utilised a Randomised Controlled Trial (RCT). They employed Analysis of Covariance (ANCOVA) and Pearson’s correlation coefficients to explore the predictive role of Growth Hormone (GH) response. Their findings showed a significant increase in GH and aerobic capacity (VO2max), suggesting that active physical intervention triggers the body’s endocrine repair systems.
However, a critical analysis reveals that results can vary based on the intervention type and statistical adjustments. Salgado et al. (2022) used a double-blinded RCT and analysed data using repeated measures (RM) two-way ANOVA followed by Bonferroni post hoc tests. Notably, they used a mixed ANCOVA model to adjust pain scores for variables such as baseline serum BDNF, dopamine, and anxiety diagnosis. While their results showed a significant reduction in affective pain, their serum analysis found lower BDNF levels following the gentle manual therapy. This suggests a potential limitation in the "breadth" of passive therapy; while it successfully reduces pain intensity, it may not facilitate the same long-term neurotrophic repair - measured through markers like BDNF or GH - that is achieved through the higher-intensity aerobic methods used in the other studies.
Ultimately, this theme addresses the research objective by demonstrating that wellness interventions help FM patients by physically shifting the brain from a state of 'high alert' back to a state of biological repair.

Theme 2: Oxygen and Energy Flow
A secondary theme identified in the literature is the enhancement of metabolic efficiency and oxygen delivery as a pathway to symptom reduction. Rubio-Zarapuz et al. (2024) utilised a four-arm RCT to evaluate the impact of neuromodulation suits and VR on muscle oxygenation (SmO2). Their statistical analysis included the Kolmogorov-Smirnov test to verify normality and one-way ANOVA to compare effects between groups. Crucially, they calculated Cohen’s d effect sizes, which demonstrated "large" gains (d > 0.8) in muscle oxygenation and significant pain reduction (NRS). These findings are complemented by Navarro-Ledesma et al. (2022), who conducted a three-arm RCT comparing physiotherapy and exercise. Their methodology employed Pearson correlation coefficients to determine the relationship between physical variables, using a p-value < 0.05 to confirm statistical significance. They found that active intervention significantly improved lung capacity (FEV1) and muscle strength, which strongly correlated with a higher quality of life (S-FIQ).
This focus on physical "fuelling" is further supported by Baldi et al. (2022), who demonstrated through a Randomised Cross-Over Trial that a 15-day ancient wheat diet led to a significant reduction in pain severity and improved functional capacity. When viewed together, these studies suggest that whether through technological aids (Rubio-Zarapuz), physical strengthening (Navarro-Ledesma), or nutritional intervention (Baldi), improving the body’s ability to manage energy and oxygen is a key factor in managing Fibromyalgia. The use of rigorous metrics like Cohen’s d and Pearson’s coefficients across these studies provides high statistical power to the claim that metabolic improvements directly lead to better clinical outcomes.
In summary, this theme addresses the research objective by highlighting that wellness interventions - whether through technology, exercise, or nutrition - work by improving the body’s 'fuel' delivery. By increasing muscle oxygenation and lung capacity, these treatments help reverse the physical fatigue and muscle 'starvation' commonly reported in Fibromyalgia patients.

Theme 3: Stress and Nervous System Reset
The final theme shows that the body needs to "calm down" its internal alarm system to get better. Ladisa et al. (2025) studied how the heart's rhythm relates to how much a patient struggles with daily life. Due to the non‑normal distribution of their data, the researchers selected the Mann–Whitney U test as an appropriate non‑parametric method for comparing Fibromyalgia patients with healthy controls. They found a very strong link: when the heart rhythm is "stiff" and stuck in a stress pattern, the patient feels much more physical pain. To make sure their results were accurate, they even adjusted for the age of the participants, as your heart changes as you get older.
To fix this "stiff" nervous system, Perin et al. (2025) looked at several studies on Vagus Nerve Stimulation (VNS). They found that stimulating this nerve acts like a "reset button" for the body, turning off the "fight or flight" stress response and lowering inflammation.
This idea of "resetting" the body is also seen in Rodriguez-Mansilla et al. (2023), who studied the Chinese practice of Qi Gong. They used a variety of statistical checks (like Pillay’s test and Tukey’s method) to make sure they weren't making mistakes by looking at too many different results at once. Their analysis showed that as people got better at moving and breathing, their overall quality of life improved. By looking at these studies together, it becomes clear that "calming the system" is just as important as physical exercise for recovery.
This theme directly supports the scoping review’s goal by demonstrating that a 'calm' nervous system is a requirement for physical recovery. The evidence shows that by turning off the body's constant 'fight or flight' alarm, wellness interventions allow the heart and lungs to return to a healthy, flexible rhythm, which is a key step in reducing the overall impact of the disease.

5.4 Evaluation of the Evidence
The Biological Reality: FM as a Network Disorder
To evaluate the effectiveness of any wellness intervention, one must first understand the neurological baseline of the condition. Cavicchioli et al. (2025) provide a critical foundation by showing that FM is a complex "network disorder." Their meta-analysis reveals a stark difference in how pain is processed: while healthy controls utilise the prefrontal cortex to modulate and "turn down" pain, in FM patients, the stimuli bypass these filters and go directly to the insula (the brain's alert centre). This results in pain that lasts long after the physical trigger has stopped. This high-level brain mapping confirms that FM is not just "sore muscles" but a systemic failure of the pain-regulation network.
Metabolic and Chemical Insights
The research also provides a deeper look at the internal chemistry of the disorder. Salgado et al. (2022) highlighted that the FM group consistently had lower serotonin levels than healthy controls. Notably, they found that while Gentle Manual Therapy (GTT) helped with immediate pain, it did not fix the serotonin deficiency. This suggests that GTT may work by calming the nerves directly rather than fixing general internal inflammation.
On the metabolic side, Mercen et al. (2023) made a vital distinction regarding Growth Hormone (GH). They found that because basal (resting) GH levels did not change, FM patients likely have the hormone; they simply lack the mechanism to release it. Their study showed that the reduction in skinfold thickness was directly related to metabolic health, proving that active exercise is the key "trigger" required to release these healing hormones into the system.
Neurological Regulation and the Vagus Nerve
A critical insight into the emotional side of FM comes from Perin et al. (2025). They evaluated the Ventral Vagal Complex, which is responsible for emotional regulation. They argued that chronic suppression of this system puts the body into a permanent "defensive state." This physiological state amplifies pain perception and fuels anxiety, suggesting that any successful wellness intervention must move the patient out of this "defence mode" to be effective.
Methodological Limitations and Future Research
Despite these insights, several studies face limitations that impact the "breadth" of their findings:
· Study Duration: The trial by Rodriguez-Mansilla et al. (2023) lasted only four weeks and the Baldi et al. trial only lasted 14 days. This is a significant limitation when assessing a chronic, life-long condition.
· Sample Size: Several studies suffered from small population sizes, which can make it harder to apply the results to the general public.
· Risk of Bias: Perin et al. (2025) explicitly noted a high risk of bias in current VNS research. They concluded that while the results are promising, there is an urgent need for large-scale "sham" RCTs (using a fake treatment for comparison) combined with more fMRI studies to truly prove the effects.

6.0 Conclusion and Recommendations
6.1 Summary of Main Findings
This scoping review identified three primary pathways through which wellness interventions alleviate Fibromyalgia (FM) symptoms. First, the evidence suggests that FM is a neurological network disorder characterised by brain hypervigilance in the insula. Interventions like aerobic exercise and Vagus Nerve Stimulation (VNS) act as a "system reset," moving the brain from a defensive state back into a repair state. Second, improving metabolic efficiency through increased muscle oxygenation and Growth Hormone (GH) release - triggered specifically by active exercise - is essential for reducing physical fatigue. Finally, while passive treatments like manual therapy provide immediate pain relief, they may not resolve the underlying chemical imbalances, such as low serotonin, as effectively as active, long-term lifestyle changes.
6.2 Recommendations for Practice
· Active vs. Passive Balance: Healthcare providers should prioritise active aerobic exercise (as seen in Mercen et al.) over purely passive manual therapies to ensure the release of Growth Hormones and long-term metabolic repair.
· Integrated Wellness: Treatment plans should include "system-calming" techniques like Qi Gong or VNS to address the emotional and autonomic stress that amplifies pain perception.
· Patient Education: Practitioners should explain FM to patients as a "network disorder" of the brain rather than just localised muscle pain. This shift in understanding may reduce "pain catastrophising" and improve engagement with wellness programs.
6.3 Recommendations for Policy
· Extended Treatment Windows: Current policies often fund short-term interventions (4-8 weeks). Based on the limitations of short trials like Rodriguez-Mansilla et al., policy-makers should consider funding longer, 6-to-12-month wellness programs to track the durability of these "brain resets."
· Standardised Diagnostic Tools: Policy should encourage the use of objective markers, such as Heart Rate Variability (HRV) or Spirometry, alongside subjective pain scales to more accurately measure a patient's functional progress.
6.4 Recommendations for Future Research
· Large-Scale "Sham" Trials: To eliminate bias, future research must include large-scale, double-blinded Randomised Controlled Trials (RCTs) using "sham" (placebo) versions of VNS and neuromodulation technology.
· Longitudinal Studies: Research should move beyond short trials to 1-year longitudinal studies to see if the changes in brain topography and BDNF levels are permanent.
· Gender Diversity: Future studies must actively recruit male participants to determine if these wellness pathways (Oxygen/GH/Vagus Reset) function the same way across all genders.
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