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1. Introduction 
Preliminary evidence shows that low-dose naltrexone (LDN) has a clinically beneficial impact on fibromyalgia pain, function and quality of life. However, only a few small clinical trials with high risk of bias have investigated the effect of LDN on fibromyalgia symptoms. The primary aim of this double-blind, randomised, controlled trial is to evaluate the efficacy of LDN in reducing pain in patients with fibromyalgia over a 12-week period. 
2. Background
Fibromyalgia (FM) is a chronic pain disorder characterised by widespread musculoskeletal pain, fatigue, cognitive disturbance and psychiatric symptoms (1). FM prevalence within the general population ranges from 1.3-8% and appears to be more common in females (2, 3). FM is a disabling disease, with approximately one third (30.2% - 34.8%) of patients in large American studies having their ability to work affected to the point of requiring supplementary disability income support (4, 5). A recent Australian survey showed a similar rate (35.1%) of financial disability support in fibromyalgia patients with a quarter (24.3%) stopping work and a third (32.6%) reducing paid work within 5 years of symptom development (6). Extrapolating these figures to the Metro South catchment of 1.12 million people using a relatively conservative FM prevalence of 3% gives a FM population of 33600 of whom approximately one third (11200 people) are unable to work due to their symptoms.  
Medications commonly prescribed in FM include gabapentinoids such as pregabalin and gabapentin, opioids, sedatives, antipsychotics, antidepressants of all classes and simple analgesics such as paracetamol and non-steroidal anti-inflammatories (2, 7, 8). These medications often have small effect sizes and duration of benefit may only be a few months, often accompanied by drug tolerance and dependence as well as side effects such as weight gain, somnolence and reduced cognitive ability (1, 2, 8). Ironically these side effects are often also seen as symptoms of FM, therefore attempts to treat certain aspects of the disease may be worsening the overall condition (8-10). 
The precise pathogenesis of FM remains unclear; however, several mechanisms have been hypothesised in the literature. The most accepted theory points to altered central nervous system pain-processing resulting in deficient endogenous analgesic system function (11). Changes include increased temporal summation of pain, changes in endogenous opioids (endorphins and enkephalins), and dysregulation of opioid receptors and pain-related neuropeptides (12-16). These pain-amplifying changes are often referred to under the umbrella term “central sensitisation” however it is likely that the nature of central sensitisation differs between patients and chronic pain diagnoses, with central sensitisation in FM reflecting only one aspect of this complex process (11, 17, 18). Low dose naltrexone (an opioid receptor antagonist) may improve symptoms in patients with FM by affecting these processes. Proposed mechanisms include upregulation of endogenous opioid production and a reduction in neuro-inflammatory processes by glial cell modulation (19). In contrast to other pharmacological treatments of FM, LDN has a benign safety and side-effect profile (20, 21). 
It is worth recognising that many of the symptoms of FM are shared by patients suffering from long COVID. Indeed a recent study shows that 30% of long COVID patients fulfil the diagnostic criteria for fibromyalgia (22). As long COVID becomes more of a chronic public health problem the need for effective treatments of central sensitisation syndromes increases (22). 
Systematic review of existing literature with implications for trial planning 
Low dose naltrexone (LDN) has been proposed as an alternative option to treat pain and other symptoms of fibromyalgia (19, 23). This year the Metro South Pain Rehabilitation Centre (MSPRC), in conjunction with The University of Queensland (UQ) Faculty of Medicine have conducted a systematic review of the literature with a view to defining the breadth and quality of existing LDN research, as well as assessing the likely clinical benefit of treatment of FM with LDN. The review was carried out in Jun-Jul 2022 with the guidance of UQ medical librarians via a comprehensive search using the PubMed, CINAHL and Embase databases. The following keywords were utilised in the search: low-dose naltrexone, fibromyalgia, fibrositis, chronic pain. A narrative synthesis of this review is currently being prepared for publication. 
After manual screening of 376 search results, the review returned 54 relevant articles. These were thematically categorised by study type, size and outcome measures in order to assess the existing body of research. The majority of the papers were case series or reviews and there was a paucity of experimental data. There was a total of 4 controlled trials (24-27) and the largest sample size was 31 (27). There is a clear need for further experimental data with larger sample sizes.
3. Aim and hypothesis
The aim of this study is to evaluate the efficacy of low-dose naltrexone in fibromyalgia symptom management as compared with placebo. This study aims to examine pain as the primary outcome as well as a wide range of secondary outcome measures.
We hypothesise that treatment with low dose naltrexone will improve pain and other symptoms in patients with fibromyalgia.
4. Methods 
4a. Study design
This is a 12-week single-centre, prospective, randomised double-blinded, placebo-controlled trial with a crossover design using a 4-week control period, which is randomly allocated to precede or follow the 8-week treatment period. This crossover method was decided on after consultation with the UQ biostatistics team, in order to gain adequate power from the sample size of approximately 80 people that we are likely to be able to recruit.
4b. Setting  
Research activities will be conducted solely at Metro South Pain and Rehabilitation Centre (MSPRC). 
4c. Participants 
Patients of the MSPRC assessed as having FM by the American College of Rheumatology (ACR) 2010 guidelines, utilising the Widespread Pain Index (WPI) and Symptom Severity Scale (SSS). These diagnostic criteria have been the usual research tool for classifying patients as having FM and have been recently tested for validity with favourable results (28).  
Selection criteria:
	Inclusion criteria
	a) at least 18 years old;
b) diagnosis of FMS according to ACR 2010 criteria by a pain specialist; 
c) oral morphine equivalent daily dose (OMEDD) less than 60mg;
d) provision of written informed consent; 
e) able to complete questionnaires. 

	Exclusion criteria
	f) current treatment with naltrexone; 
g) severe medical or psychiatric illness likely to limit life or participation in trial; 
h) pregnant or planning pregnancy during study period; 
i) known allergy to naltrexone or naloxone; 
j) currently participating in other clinical trials.  


Study group:
1. Intervention group: LDN 1.5mg daily for one week, 3mg daily next week, 4.5mg daily for subsequent 6 weeks (8 weeks total). May be taken at any regular time during the day.  
2. Control group: Placebo, one capsule daily for 4 weeks.
For all patients, other treatments continue as usual: may include medication changes, allied health input etc.
4d. Research outcomes
Outcomes are measured every four weeks, giving a total of four points: baseline, 4 weeks, 8 weeks and 12 weeks. This captures the transition from placebo to treatment and vice-versa, giving pre, post and intra-treatment outcomes.
The main outcome measure tool used will be the Revised Fibromyalgia Impact Questionnaire (FIQR). This consists of 21 items in 3 domains (physical impairment, overall impact and severity of symptoms) with a 0-10 numeric scale for each. This is then simplified into a score out of 100. 
Another group of outcome measures are already routinely collected by MSPRC for the purposes of benchmarking and service development. This suite of questionnaires is distributed by the Electronic Persistent Pain Outcomes Centre (EPPOC) and consists of the following outcome measures: Brief Pain Inventory (BPI), Pain Catastrophising Scale (PCS), Pain Self-Efficacy Questionnaire (PSEQ), Depression/Anxiety/Stress Scale 21 (DASS21), Global Rating of Change (GROC). Outcomes will be measured at commencement, 6 weeks and 12 weeks.  
Primary outcome
1. Level of pain severity as measured by FIQR (Symptoms Domain, Question 1): average pain intensity during the last 7 days on an 11- point rating scale (ranging from 0 = “no pain” to 10 = “unbearable pain”).
Secondary outcomes
1. Impact of fibromyalgia: assessed by the FIQR total score 
2. Impact of pain as measured by BPI, PCS and PSEQ
3. Levels of depression as measured by DASS-21
4. Level of anxiety as measured by DASS-21
5. Level of stress as measured by DASS-21
6. GROC: Global Rating of Change  
Further outcome data include reported adverse effects, reasons for discontinuation of trial and analgesic medications at each timepoint. 
This diverse group of outcome measures provides a very rich data source for future analysis but will not necessarily all be analysed as part of the current project. 
5. Procedures/Interventions 
5a. Recruitment of participants
There are approximately 600 new patients at MSPRC each year. It is estimated that 20% fulfil a diagnosis of fibromyalgia and that 50% of these would consent to being part of a trial. Therefore, after one year of recruitment we would expect a sample size of around 60 patients. Recruitment will be completed by MSPRC medical staff as part of normal outpatient clinical consultation. 
5b. Informed Consent
A participant information and consent form (PICF) will be developed using plain English and submitted to the Human Research Ethics Committee for ethical review. The informed consent will be obtained by one of the medical doctors in the study team.
5c. Randomisation
Batches of medication and placebo will be grouped into 10 patient allocations (5 treatment, 5 placebo) by pharmacy staff. These will be assigned a code by random number generation and these medication codes will be assigned via random choice of 10 blind envelopes (drawn by pharmacy staff) to treatment or control. Medication codes will be put into 10 separate envelopes, which will then be given by the clinician to the patient. Patients will bring the medication code to the pharmacy to pick up the corresponding medication. All randomisation and blinding will be completed by the pharmacy team and kept in a separate database away from clinical staff and research team, thus ensuring double blinding (both clinician and patient).  
6. Data Analysis
Primary outcome analysis will be based on the estimation of between-group differences in measurements after 8 weeks of treatment and 4 weeks of placebo (control) for the primary outcome. Data analyses will be performed following an intention-to-treat plan and differences will be calculated using the student t-test. Power analysis was performed by UQ biostatistics with a 0.8 power at p=0.05, giving a sample size of 77. Expert statistical input will sought for in-depth analysis of secondary outcomes using regression analysis. 
7. Data Management
[bookmark: _Hlk80612882]Data collection will be performed by study doctors and research assistant(s) in electronic tablets or laptops or by patients via electronic questionnaire. De-identified data will be stored in password-protected Queensland Health computers. Only the study team will have access to the documents containing patient confidential information. A separate document with identifiable data will be stored in PI’s premises including participant name and UR number matched with study ID. All remaining data will only be stored using study ID as identifier, allowing the potential to re-identify the participants in future if required. 
Data will be kept in locked premises, password protected, or in locked filing cabinets onsite at MSPRC. In keeping with the relevant policies regarding retention and disposal of clinical research records, the information will be retained for 15 years. This also fulfils the Australian Code for the Responsible Conduct of Research requirements for retention of research data. 
8. Milestones at 6 months and yearly 
At 6 months 30 patients will have been recruited to the study and that 10 will have completed their 12-week course of treatment and placebo; 1 year - 60 patients will be recruited and 40 will have completed their 12-week engagement; 2 - years 90 patients will have completed the course of treatment and data collection will be complete. At this stage analysis should be well underway or completed; 3 years - at least one paper should be completed in order to publish the results of the study and treatment guidelines may be altered due to evidence generated; 4 years - there may be commercial interest in producing low dose naltrexone; 5 years - commercial low dose naltrexone may be being produced.
9. Expected Outcomes
It is expected that there will be a clinically significant improvement in fibromyalgia symptoms in patients while being treated with LDN and that this will not be the case while treated with placebo.
10. Alignment of this study with relevant Metro South Health, Queensland Health strategic plans 
Metro South Health Strategic Plan 2021-2025 
Objective: Provide Equitable Access to Excellent Care  
C2: “Act as a leader for change in health care and outcomes.”  
This study has the potential to directly influence clinical practice in the treatment of FM, a chronic disease with a high societal disability impact. 
C4: “Focus on preventative healthcare and respond to emerging public health challenges.”  
This study takes a harm-minimisation approach, aiming to replace damaging pharmacological interventions with a more benign medication. It also has potential impact on the emerging public health issue of long COVID. 
M.C2: “Reduce adverse event rates.”  
Compared with current treatment options such as opioids, benzodiazepines and pregabalin LDN has a very safe side-effect profile. 
M.C3 “Improve patient reported experience”.  
Previous studies have shown a significant improvement in quality of life in fibromyalgia patients treated with LDN. 
Objective: Deliver Great Value 
R3: “Minimise the provision of low value care.”  
Most pharmacological treatments for FM are ineffectual and harmful. They are also often prescribed “off label” costing patients large amounts that they can ill-afford to spend. LDN is relatively cheap, costing around 90 cents a day. 
M.R3: “Reduce admissions classified as “low-value care.”  
Patients with chronic pain often end up admitted to hospital with “pain flares”. This may be due to intercurrent illness or psychosocial distress. If general pain intensity and function is improved in these patients there will likely be less unnecessary admission to hospital. 
Objective: Lead by Innovating and Collaborating 
P1: “Use research to inform our care.”  
This study may have a direct translation into clinical care recommendations. 
P2: “Actively partner and work with others to ensure joined up care including by actively collaborating with the Department of Health’s reform agenda.”  
Partnerships in this study are between Metro South, UQ Faculty of Medicine and UQ Faculty of Health and Behavioural Sciences. 
Queensland Advancing Health Research 2026 
“The overall vision is underpinned by five broad objectives which address priority areas:  
· Build our research leaders and research culture  
· Boost transdisciplinary collaboration  
· Prevent disease and create the healthcare of the future  
· Translate research into better health outcomes  
· Take our research and health services expertise to the world. “ 
This project aims towards all five of these objectives: building research capacity at the MSPRC, increasing collaboration with pharmacy and academic institutions, preventing the sequelae of chronic pain, translatable research, and a publishable study. Partnerships in this project include UQ Faculty of Medicine and UQ Faculty of Health and Behavioural Sciences (School of Pharmacy). It also reaches into the primary care sphere with inclusion of the General Practitioner A/Prof Geoff Spurling.
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