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Summary
Background Low-dose naltrexone is used to treat fibromyalgia despite minimal evidence for its efficacy. This trial 
aimed to investigate whether 12-week treatment with 6 mg low-dose naltrexone was superior to placebo for reducing 
pain in women with fibromyalgia.

Methods We did a single-centre, randomised, double-blind, placebo-controlled trial in Denmark. We enrolled women 
aged 18–64 years who were diagnosed with fibromyalgia. Participants were randomly assigned 1:1 to receive low-dose 
naltrexone (6 mg) or an identical-appearing placebo, using a computerised algorithm with no stratifications applied. 
Participants, investigators, outcome assessors, and statistical analysts were all masked to treatment allocation. The 
primary outcome was change in pain intensity on an 11-point numeric rating scale from baseline to week 12, in the 
intention-to-treat population. Safety was assessed in participants in the intention-to-treat population who received at 
least one dose of their allocated intervention. This trial was registered with ClincalTrials.gov (NCT04270877) and 
EudraCT (2019-000702-30).

Findings We screened 158 participants for eligibility from Jan 6, 2021, to Dec 27, 2022, and 99 patients were randomly 
assigned to low-dose naltrexone (n=49) or placebo (n=50). The mean age was 50·6 years (SD 8·8), one (1%) of 
99 participants was Arctic Asian and 98 (99%) were White. No participants were lost to follow-up. The mean change 
in pain intensity was  –1·3 points (95% CI –1·7 to –0·8) in the low-dose naltrexone group and –0·9 (–1·4 to –0·5) in 
the placebo group, corresponding to a between-group difference of –0·34 (–0·95 to 0·27; p=0·27, Cohen’s d 0·23). 
Discontinuations due to adverse events were four (8%) of 49 in the low-dose naltrexone group and three (6%) of 50 in 
the placebo group. 41 (84%) of 49 patients in the low-dose naltrexone group had an adverse event versus 43 (86%) of 
50 in the placebo group. One serious adverse event occurred in the placebo group and no deaths occurred.

Interpretation This study did not show that treatment with low-dose naltrexone was superior to placebo in relieving 
pain. Our results indicate that low-dose naltrexone might improve memory problems associated with fibromyalgia, 
and we suggest that future trials investigate this further.

Funding The Danish Rheumatism Association, Odense University Hospital, Danielsen’s Foundation, and the Oak 
Foundation.

Copyright © 2023 Elsevier Ltd. All rights reserved.

Introduction
Fibromyalgia is a common debilitating condition 
affecting about 2% of the general population worldwide,1 
with a more than 9-fold greater prevalence among 
women in diagnosed populations.2 Recent prevalence 
studies using new symptom-based diagnostic criteria 
show a more even ratio between sexes in general 
populations.2 This discrepancy seems to reflect a severe 
under-diagnosis of fibromyalgia among men in patient 
populations.3 Fibromyalgia syndrome is characterised by 
widespread pain and tenderness accompanied by a range 
of non-pain symptoms such as fatigue, sleep disturbance, 
and dyscognition. Pain in fibromyalgia has been shown 
to be related to alterations in functional connectivity in 
brain regions involved in pain processing, decreased 
activity in anti-nociceptive pathways, and increased 

activity in pro-nociceptive pathways.4 The cause is still 
poorly understood but seems multifactorial, with 
different central and peripheral mechanisms as possible 
reinforcements of altered pain processing.5

There are several guideline-recommended pharma-
cological treatment options for fibromyalgia,6 of which 
duloxetine, milnacipran, and pregabalin have been 
approved by the US Food and Drug Administration.6 
However, response rates to these treatments are low, 
dropouts are common because of side effects, and the 
European Medicines Agency has not approved these 
treatments because of the non-advantageous risk–benefit 
profile.7–9 Non-pharmacological treatments, such as patient 
education, cognitive behavioural therapy, exercise, or 
multidisciplinary treatment, can improve pain and other 
fibromyalgia symptoms. The treatment effects seem to be 
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stable up to 14 weeks after the end of treatment, but then 
begin to decline.10 Fibromyalgia is associated with a high 
symptom burden, increased use of health-care resources, 
work disability, and lower health-related quality of life than 
patients with other chronic diseases.11 Thus, effective and 
safe treatment options are highly warranted.

Naltrexone is a non-selective opioid receptor antagonist 
that was marketed in the 1980s as an additional therapy 
for preventing relapse in patients with previous abuse of 
opioids or alcohol.12 Low-dose naltrexone has been used 
as an off-label treatment for fibromyalgia for several 
years despite no evidence from large randomised 
controlled trials.13 Low-dose naltrexone traditionally 
refers to doses of 1–5 mg,14 however, in clinical practice, 
doses of up to 9 mg of naltrexone have been used to treat 
fibromyalgia.15 Putative mechanisms of action of low-
dose naltrexone could be a feedback-mediated increased 
expression of opioid receptors and opioid peptides with 
possible improvement of pain inhibition mediated via 
the endorphin system16 or an anti-inflammatory effect 
mediated through antagonistic action at the Toll-like 
receptor 4 that is located on neuroimmune cells.17

Before initiating a clinical trial, we systematically 
searched the literature and found two small clinical trials 
conducted by the same research group investigating the 
efficacy of low-dose naltrexone compared with a placebo 

for treating pain in women with fibromyalgia.18,19 Both 
studies used a dose of 4·5 mg and applied a cross-over 
design. The first trial was a single-blind pilot trial with ten 
participants.18 The second trial was a double-blind, 
placebo-controlled, randomised trial that included 
31 women with fibromyalgia.19 The studies showed 
preliminary evidence that low-dose naltrexone might be 
superior to placebo in relieving pain and other symptoms 
of fibromyalgia. In the randomised control trial, no 
difference in overall tolerability was found, but headaches 
and vivid dreams were reported more frequently 
during treatment with low-dose naltrexone. Due to 
methodological weaknesses described in detail in a recent 
review,13 both trials had a high risk of bias. Thus, we found 
the need for a larger and methodologically more robust 
randomised control trial to assess the potential efficacy of 
low-dose naltrexone for treating pain in patients with 
fibromyalgia. A new trial including 52 patients (46 women 
and 6 men) with fibromyalgia has recently been 
published.20 As in the two earlier trials, a cross-over design 
and a 4·5 mg dose were used. This third study did not 
show an analgesic effect of low-dose naltrexone over a 
placebo.

The primary objective of the Fibromyalgia and 
Naltrexone (FINAL) study was to investigate whether 
12-week treatment with naltrexone 6 mg was superior to 

Research in context 

Evidence before this study
We searched Medline for papers published in peer-reviewed 
journals from database inception to May 25, 2023, using the 
terms “naltrexone” and “fibromyalgia”. We identified 
46 articles, hereof two studies publishing results from clinical 
trials investigating the efficacy of low-dose naltrexone 
compared with placebo in patients with fibromyalgia. Both 
studies applied a cross-over design and used a dose of 4·5 mg. 
The first study was a single-blind pilot trial (ten women), and 
the second was a randomised placebo-controlled trial 
(31 women). These two trials indicated that low-dose 
naltrexone might be more effective than a placebo in reducing 
pain intensity in women with fibromyalgia. However, both 
studies were small and potentially biased due to several 
methodological weaknesses. In June 2023, a new trial with a 
cross-over design, testing a dose of 4·5 mg, and including 
52 patients (46 women and 6 men) with fibromyalgia was 
published. This third study did not show an analgesic effect of 
low-dose naltrexone over a placebo. Several factors might have 
resulted in this negative result, for example the intended 
sample size of 140 participants was not reached and a sample 
size calculation was not provided for the pain outcome.

Added value of this study
The FINAL trial is the first randomised, double-blind, placebo-
controlled trial with a parallel group design to investigate the 
efficacy of naltrexone 6 mg in women with fibromyalgia. 

Low-dose naltrexone was not superior to placebo in reducing 
pain at the group level. Among the secondary outcomes, we 
found a significant improvement only for memory problems 
related to fibromyalgia in favour of low-dose naltrexone. 
Discontinuations due to adverse events were low in both 
groups, and no concerns with safety related to treatment with 
this relatively high dose of 6 mg were seen.

Implications of the available evidence
According to the Initiative on Methods, Measurement, and Pain 
Assessment in Clinical Trials guidelines, many factors must be 
considered when evaluating the clinical importance of group 
differences, including responder analyses, secondary outcomes, 
and safety. A higher proportion of participants in the low-dose 
naltrexone group (45%) reported a more than 30% decrease in 
pain, than in the placebo group (28%). However, our study was 
not powered to detect a difference between groups regarding 
responder indices, and our sample size was most likely too small 
to detect a significant difference. Among the other key 
secondary outcomes, we found a significant between-group 
difference regarding the improvement of memory problems in 
favour of low-dose naltrexone treatment. The clinical relevance 
of this finding remains to be explored. We recommend more 
extensive trials with robust methods before definitive 
conclusions can be made about the clinical efficacy of low-dose 
naltrexone for treating fibromyalgia.
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placebo in reducing the average pain intensity (during 
the past 7 days) in women with fibromyalgia. Secondary 
objectives included core fibromyalgia domains such as 
non-pain symptoms, daily functioning, health-related 
quality of life, global impression of change, and 
responder indices.

Methods
Study design
The FINAL study was a single-centre, randomised, 
double-blind, placebo-controlled superiority trial 
conducted at a tertiary pain rehabilitation centre in 
Denmark (Pain Center South, Odense University 
Hospital). The study was approved by the Ethical 
Committee of Southern Denmark (S-20190133) and the 
Danish Health and Medicines Authority (19/26406) and 
was reported to the Danish Data Protection Agency. The 
study was registered with the European Union Drug 
Regulation Authorities Clinical Trials Database 
(EudraCT-nr: 2019-000702-30), and the protocol was 
uploaded to ClinicalTrials.gov (NCT04270877) before the 
initiation of the study. A detailed protocol paper was 
published before the end of inclusion.21 The original 
protocol is included in the appendix (pp 5–35). The 
justification for using a test dose of 6 mg was based on 
clinical practice and data from our previously published 
dose-response study,22 in which we tested doses between 
2·25 mg and 6 mg and found that doses higher than 
4·5 mg, as used in previous trials, might be more 
efficacious without causing more harm.

Participants
Participants were recruited from the study site and 
through advertisements in national patient association 
magazines (both printed and internet-based). To be 
eligible, participants had to be women aged 18–64 years 
with fibromyalgia, and no history of neurological 
disease, inflammatory rheumatic disease, or active 
cancer. To confirm the fibromyalgia diagnosis, 
participants were required to fulfil the American 
College of Rheumatology 1990 criteria for fibromyalgia.23 
Pain had to be at least moderate in intensity, defined as 
an average pain score during the past week of at least 
four on a 0–10 numeric rating scale (NRS). Participants 
were allowed to continue their usual care and pain 
medication. Because of the interaction between opioids 
and naltrexone, participants were excluded if they had 
used opioids less than 4 weeks before entering the trial. 
Using opioids during the trial was considered a protocol 
violation. As one of the exploratory outcomes was an 
assessment of inflammation biomarkers, anti-
inflammatory medication and non-steroidal anti-
inflammatory drugs were not allowed 4 weeks before 
and during the trial. A complete list of eligibility criteria 
is available in the original protocol (appendix pp 22–23) 
and the published protocol.21 Written informed consent 
was obtained from all subjects entering the study.

Randomisation and masking
Using a 1:1 allocation, participants were randomly assigned 
to treatment with 6 mg naltrexone or an identically-
appearing placebo, using a computerised algorithm; no 
stratifications were applied. A data manager without 
involvement in the study made a sequential randomisation 
list based on permuted blocks of two to six individuals. The 
allocation was concealed in a password-protected computer 
file that was only accessible by the data manager. The 
primary investigator enrolled the participants and assigned 
them a sequential randomisation number, allocating them 
to one of the two groups. Participants, investigators, 
outcome assessors, and statistical analysts were all masked 
to the allocation and the permuted blocking strategy. A 
blinded interpretation was made before unmasking and is 
available in the appendix (pp 59–64).

Procedures
Tablets containing 1·5 mg naltrexone and identically 
appearing placebo tablets were manufactured at Glostrup 
Pharmacy (Glostrup, Denmark; an independent 
compounding pharmacy). The trial medication was 
shipped to Hospital Pharmacy Funen (Odense, 
Denmark), which received a copy of the randomisation 
list and blinded the medicine using identical cans 
labelled with the randomisation numbers. The timeframe 
for the study was 16 weeks, consisting of a 12-week 
treatment period (including a 4-week titration phase) and 
a 4-week washout period aiming to observe possible 
withdrawal symptoms (weeks 13 to 16). All participants 
started with one daily oral dosage of 1·5 mg low-dose 
naltrexone or placebo. During the 4-week titration phase, 
the dose was increased by one tablet per day each week to 
4 tablets per day at week 4. Dose escalation was based on 
safety and tolerability, and delayed increments were 
allowed in case of unacceptable side effects. After the end 
of week 4, a maintenance dose was determined, 
equivalent to the highest dose tolerated at this timepoint. 
The trial medicine was taken once daily in the evening.

Due to issues related to the COVID-19 pandemic, the 
Danish Medicines Authority demanded that all Danish 
trials take appropriate actions to reduce the risk of 
infection. Therefore, it was decided to convert three 
follow-ups (ie, at weeks 4, 8, and 16) to telephone visits. 
The detailed visit schedule is available in the protocol 
(appendix p 25).

Outcomes
All patient-reported outcomes were measured at 
baseline and after 4, 8, and 12 weeks of treatment in a 
repeated measures design, with the 12-week assessment 
being of primary interest. The primary outcome 
measure was change in pain intensity from baseline to  
12 weeks, using the level of pain question from the 
Fibromyalgia Impact Questionnaire-Revised (FIQR) 
questionnaire,24 which measures the average pain 
within the past 7 days on an 11-point NRS, ranging from 

See Online for appendix
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0 indicating no pain to 10 indicating unbearable pain. 
This was measured in the intention-to-treat population. 
To reduce recall bias, all participants were asked to 
report their pain in the past 24 h in a handwritten diary, 
7 days before baseline, and 7 days before week 8 and 
week 12.

Key secondary outcomes included the Patient’s Global 
Impression of Change on a 1–7 verbal rating scale, the 
global impact of fibromyalgia by the FIQR total score, 
the Widespread Pain Index from the 2016 diagnostic 
criteria for fibromyalgia,25 FIQR-tenderness item, FIQR-
fatigue item, FIQR-sleep disturbance item, FIQR-
depression item, FIQR-anxiety item, FIQR-memory 
problems item, FIQR-stiffness item, and FIQR physical 
function domain. The EQ-5D-5L26 assessed health-
related quality of life, including domains of mobility, 
self-care, usual activities, pain or discomfort, and 
anxiety or depression. The EQ Visual Analogue Scale 
was used to determine the change in global health-
related quality of life. The pressure pain threshold was 
measured three times at two points using a handheld 
pressure algometer (Somedic, Hörby, Sweden) and is 
reported as the average of the six measurements. The 
two points measured are right quadriceps 15 cm from 
apex patella and left trapezius 10 cm acromion (between 
acromion and C6 and C7). Each point is measured three 

times; point two and point three is measured 1 cm above 
and 1 cm below the first point. The pressure pain 
threshold was measured at baseline and after 12 weeks 
of treatment.

Other secondary supportive outcomes included 
investigating the number of responders in both treatment 
groups. Three responder categories were defined a priori 
as the number of responders with more than 15%, 30%, 
and 50% improvement in the primary outcome measure 
from baseline to 12 weeks.

For the surveillance of harms, both active and passive 
methods were used. The participants were encouraged to 
report adverse events spontaneously and were also asked 
about 12 common side effects via a questionnaire. If the 
participant reported harms categorised as grade 2 or 
higher, they were advised by the primary investigator to 
lower the dose. If harms were classified as grade 1, the 
decision about dosing was made individually in an 
agreement between the primary investigator and the 
participant. The primary investigator followed up with 
the participants by telephone until adverse events had 
ceased or were stable. The Common Terminology Criteria 
for Adverse Events (version 5.0) was used to grade the 
severity of harm.

Statistical analyses
Using data from our previous dose-response study, we 
estimated the self-reported pain intensity on a 0–10 NRS 
at baseline to have a mean of 6·7 points (SD 1·5) in the 
target population. According to the Initiative on Methods, 
Measurement, and Pain Assessment in Clinical Trials 
(IMMPACT) guidelines,27 a minimal clinically important 
change is defined as a 15% decrease in pain (approximately 
1·0 NRS point). In contrast, a 30% decrease (about 
2·0 NRS points) is defined as a clinically meaningful 
change, and a 50% decrease is considered a substantial 
improvement. No definition of  a minimal clinically 
important difference between groups is available from 
the IMMPACT guidelines. Using an estimated minimal 
clinically important difference between groups of 1·0, a 
SD of 1·5 (corresponding to a Cohen’s effect size of 0·67), 
a statistical power of at least 80%, and a two-sided 
statistical significance level of 0·05, 74 patients were 
required for the intention-to-treat population (ie, 
37 patients in each group). Expecting some attrition and 
drop-outs during the 12-week trial period, we decided to 
include 100 patients (ie, 50 patients in each group), 
potentially corresponding to a statistical power of more 
than 90% to detect a difference between groups in the  
intention-to-treat population. The statistical analysis plan 
was published online at ClinicalTrials.gov before the end 
of inclusion and is available in the appendix (pp 36–58).

Our main analyses comprised estimations of between-
group differences in the continuous outcomes after 
12 weeks for primary and secondary outcomes. Repeated 
measurements (T=0, 4, 8, and 12 weeks from baseline) 
were used in a linear mixed-effects model. The treatment Figure 1: Trial profile

4 discontinued treatment
1 had a serious adverse event
2 had an adverse event
1 needed opioid treatment

50 included in the intention-to-treat analysis

46 treatment ongoing

50 assigned placebo 49 assigned low-dose naltrexone

44 treatment ongoing

49 included in the intention-to-treat analysis

5 discontinued treatment
4 had an adverse event
1 needed opioid treatment

158 patients assessed for eligibility by telephone interview

52 ineligible
      18 did not meet inclusion criteria
      34 declined to participate

106 patients assessed for eligibility by face-to-face screening

99 randomly assigned

7 ineligible
   5 did not meet inclusion criteria
   2 declined to participate
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group, week, and the interaction between them were 
used as fixed effect factors, and participant identification 
as a random-effect parameter. All between-group 
differences based on the least square means were 
adjusted for baseline level to reduce the random 
variation. All p values and 95% CIs were two-sided. The 
main analyses were based on the intention-to-treat 
population, which included all participants assessed and 
randomly assigned at baseline. Using mixed effects 
models, missing data would be handled indirectly and 
statistically modelled using repeated-measures linear 
mixed models; mixed effects models are valid, assuming 
data are missing at random.28

We also calculated the number of responders (binary 
endpoints) in the two groups, based on participants who 
reported a more than 15%, 30%, and 50% decrease in 
pain after 12 weeks of treatment with low-dose naltrexone 
or placebo. These outcomes were analysed and reported 
as Risk Ratios (RR) with 95% CI comparing the 
proportions responding in the two groups.

To confirm the robustness of the main findings, 
sensitivity analyses were performed and reported on the 
main analyses for the per protocol population, ie, 
participants with at least 80% adherence to the prescribed 
treatment.

For ease of interpretation, and in line with EQ-5D 
reporting guidelines, the EQ-5D domains were 
dichotomised into the number and proportions of 
participants having no or slight problems (level 1–2) 
versus moderate, severe, or extreme problems (level 3–5). 
These dichotomous outcomes are reported for both 
groups at baseline and after 12 weeks of treatment, with 
no comparative statistics. The between-group differences 
for the continuous EQ Visual Analogue Scale outcome 
was assessed with comparative statistics as described 
previously.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
Participants were recruited from Jan 6, 2021, to 
Dec 27, 2022. 158 patients were screened for eligibility; 
telephone interviews excluded 52, and another seven 
were excluded by face-to-face screening (figure 1). The 
remaining 99 eligible patients were randomly assigned 
to treatment with low-dose naltrexone (n=49) or placebo 
(n=50). One (1%) of 99 participants was Arctic Asian, and 
98 (99%) were White, and the mean age was 50·6 years 
(SD 8·8; table 1).

Four (8%) of 49 participants in the low-dose naltrexone 
group and three (6%) of 50  in the placebo group 
discontinued treatment after week 4 because of intolerable 
side effects. One protocol violation occurred in each 
group due to non-related adverse events requiring opioid 

Low-dose 
naltrexone (n=49)

Placebo 
(n=50)

Total population 
(n=99)

Age, years 50·8 (8·8) 50·4 (8·9) 50·6 (8·8)

Ethnicity

White 48 (98%) 50 (100%) 98 (99%)

Arctic Asian 1 (2%) 0 1 (1%)

Height, m 167·9 (7·1) 167·9 (5·8) 167·9 (6·4)

Bodyweight, kg 86·3 (17·1) 81·8 (15·5) 84·0 (16·4)

Body mass index, kg/m2 30·6 (5·8) 29·0 (5·1) 29·8 (5·5)

Duration of chronic pain, years 19·3 (12·3) 21·8 (11·3) 20·6 (11·8)

Pain medication

None 5 (10%) 4 (8%) 9 (9%)

One 32 (65%) 33 (66%) 65 (66%)

Two or more 12 (24%) 13 (26%) 25 (25%)

Concomitant pain medication

Paracetamol 42 (86%) 43 (86%) 86 (87%)

Tricyclic antidepressants or serotonin-
noradrenalin-reuptake-inhibitor

12 (24%) 8 (16%) 20 (20%)

Gabapentin or pregabalin 3 (6%) 6 (12%) 9 (9%)

Other 2 (4%) 4 (8%) 6 (6%)

Level of pain,* average past 7 days 
(range 0–10)

6·3 (1·3) 6·2 (1·6) 6·3 (1·5)

Fibromyalgia impact questionnaire–revised 

total score (range 0–100)
55·2 (12·5) 54·1 (14·8) 54·6 (13·7)

Pain distribution, widespread pain index 
(range 0–19)

12·6 (3·3) 11·4 (4·0) 12·0 (3·7)

Level of tenderness,* average past 7 days 
(range 0–10)

6·1 (2·6) 5·9 (2·9) 6·0 (2·7)

Tenderness, average pressure pain 
threshold,† in kPa

188·4 (69·7) 198·6 (88·8) 193·5 (79·6)

Level of fatigue,* average past 7 days (0–10) 6·9 (1·5) 6·9 (1·7) 6·9 (1·6)

Level of sleep disturbance,* average past 
7 days (range 0–10)

8·1 (1·7) 7·5 (2·0) 7·8 (1·9)

Level of depression,* average past 7 days 
(range 0–10)

2·8 (2·4) 2·9 (2·5) 2·9 (2·5)

Level of anxiety,* average past 7 days 
(range 0–10)

1·8 (2·7) 2·4 (2·7) 2·1 (2·7)

Level of memory problems,* average past 
7 days (0–10)

6·2 (2·2) 5·2 (2·1) 5·7 (2·2)

Level of stiffness,* average past 7 days 
(range 0–10)

6·6 (1·9) 6·6 (2·1) 6·6 (2·0)

Fibromyalgia impact questionnaire–revised 
function domain (range 0–90)

47·4 (17·3) 50·2 (17·4) 48·8 (17·3)

EuroQoL 5 dimensions 5 levels‡

Mobility; moderate, severe, or extreme 19 (39%) 23 (46%) 42 (42%)

Self-care; moderate, severe, or extreme 15 (31%) 10 (20%) 25 (25%)

Activity; moderate, severe, or extreme 33 (67%) 36 (72%) 69 (70%)

Pain; moderate, severe, or extreme 47 (96%) 44 (88%) 91 (92%)

Anxiety; moderate, severe, or extreme 8 (16%) 6 (12%) 14 (14%)

EuroQoL visual analog scale (range 0–100) 45·1 (17·5) 45·2 (17·3) 45·2 (17·3)

Data are n (%) or mean (SD) unless otherwise stated. *Fibromyalgia impact questionnaire–revised item. †Measured 
using a handheld pressure algometer. An average of the six measurements is reported. ‡The percentages represent 
participants reporting moderate or worse symptoms.

Table 1: Baseline characteristics of the intention-to-treat population
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treatment. No participants were lost to follow-up, and the 
primary outcome was assessed for the entire intention-to-
treat population. For the per protocol population (n=90), a 
maximum maintenance dose of 6 mg was obtained in 
35 (80%) of 44 participants in the low-dose naltrexone 
group versus 39 (85%) of 46 participants in the placebo 
group. A lower maintenance dose was obtained in nine 
participants in the low-dose naltrexone group (eight on 
4·5 mg and one on 3 mg) and seven participants in the 
placebo group (three on 4·5 mg and four on 3 mg).

The within-group mean change in pain intensity (the 
primary outcome) was –1·3 NRS (95% CI –1·7 to –0·8) 
for the low-dose naltrexone group and –0·9 NRS (–1·4 to 
–0·5) for the placebo group. There was no significant 
difference between groups; the between-group difference 
was –0·34 NRS (95% CI –0·95 to 0·27; p=0·27), 
corresponding to a Cohen’s d of 0·23. Based on the least 
square means (and standard errors [SEs]) the pain 
intensity measure trajectories are presented for both 
groups in figure 2. Table 2 lists the changes for the 
primary and secondary continuous outcomes for each 
group and the corresponding between-group differences 
after 12 weeks of treatment, with 95% CI and p values.

Figure 2: Pain trajectory
The trajectory for the average pain during the past 7 days (using the pain
question from the Fibromyalgia Impact Questionnaire, revised) over time from 
baseline to the primary endpoint after 12 weeks.
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Change from baseline to after 12 weeks of 
treatment

Between group differences 
(95% CI)

p value

Low-dose naltrexone  
(n=49)

Placebo (n=50)

Primary outcome

Pain intensity,* NRS 0–10 –1·3 (–1·7 to –0·8) –0·9 (–1·4 to –0·5) –0·34 (–0·95 to 0·27) 0·27

Key secondary outcomes

Global impression of change, median (IQR) 5 (4 to 6) 4 (4 to 5) NA 0·20

Impact of fibromyalgia, Fibromyalgia Impact Questionnaire 
(revised) total score 0–100 

–10·8 (–13·8 to –7·8) –8·3 (–11·3 to –5·3) –2·50 (–6·73 to 1·72) 0·24

Pain distribution, Widespread Pain Index 0–19 –2·4 (–3·3 to –1·4) –1·7 (–2·6 to –0·8) –0·64 (–1·95 to 0·67) 0·34

Level of tenderness,* NRS 0–10 –1·3 (–1·8 to –0·8) –1·1 (–1·5 to –0·6) –0·24 (–0·92 to 0·43) 0·48

Average pain pressure threshold† 2·6 (–12·5 to 17·7) –9·1 (–23·9 to 5·7) 11·70 (–9·41 to 32·81) 0·28

Level of fatigue,* NRS 0–10 –1·0 (–1·4 to –0·5) –0·9 (–1·4 to –0·5) –0·04 (–0·69 to 0·60) 0·90

Level of sleep disturbance,* NRS 0–10 –1·7 (–2·3 to –1·2) –1·6 (–2·2 to –1·0) –0·16 (–0·99 to 0·68) 0·71

Level of depression,* NRS 0–10 –0·6 (–1·1 to –0·1) –0·4 (–0·9 to 0·1) –0·18 (–0·86 to 0·50) 0·61

Level of anxiety,* NRS 0–10 –0·3 (–0·6 to 0·1) –0·4 (–0·8 to –0·1) 0·18 (–0·32 to 0·67) 0·49

Level of memory problems,* NRS 0–10 –1·4 (–1·9 to –1·0) –0·5 (–0·9 to –0·1) –0·93 (–1·57 to –0·30) 0·004

Level of stiffness,* NRS 0–10 –1·2 (–1·6 to –0·7) –1·1 (–1·5 to –0·6) –0·13 (–0·76 to 0·51) 0·70

Physical function, Fibromyalgia Impact Questionnaire 
(revised) function domain 0–90

–7·3 (–10·7 to –4·0) –5·7 (–9·0 to –2·4) –1·63 (–6·33 to 3·07) 0·50

Health-related quality of life, EuroQoL Visual Analog Scale 
0–100 

6·6 (2·2 to 11·0) 5·3 (0·9 to 9·7) 1·33 (–4·89 to 7·55) 0·68

Responder indices

15% improvement in pain, n (%) 26 (53%) 21 (42%) RR=1·26 (0·83 to 1·92) 0·27

30% improvement in pain, n (%) 20 (41%) 13 (26%) RR=1·57 (0·88 to 2·79) 0·12

50% improvement in pain, n (%) 12 (24%) 7 (14%) RR=1·75 (0·75 to 4·07) 0·19

Repeated measures mixed effects models: estimates are presented as least squares means (95% CI) per group, and the difference between them is reported with the 
corresponding 95% CI–unless otherwise stated. NRS=Numeric Rating Scale. RR=relative risk. *Items from the Fibromyalgia Impact Questionnaire (revised). †Measured using a 
handheld pressure algometer. An average of the six measurements is reported in KPa.

Table 2: Primary, key secondary, and other secondary outcomes at 12 weeks from baseline based on the intention-to-treat population
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There was no significant difference between groups for 
most of the secondary outcomes. Across all the secondary 
continuous outcomes, we only found a significant 
difference between the groups for memory problems in 
favour of low-dose naltrexone (–0·93, 95% CI –1·57 to 
–0·30, p=0·004). When adjusting for multiplicity 
(0·05 ÷ 16 = 0·003), this difference lost its significance. 
The Patient’s Global Impression of Change for both 
groups shows that more participants in the low-dose 
naltrexone group reported an overall improvement than 
the placebo group (appendix p 2). However, a statistically 
significant difference in Patient’s Global Impression of 
Change score was not observed (table 2).

A 15% reduction in pain was seen in 26 (53%) of 
49 women in the low-dose naltrexone group and 21 (42%) 
of 50 women in the placebo group, corresponding to a 
relative risk (RR) of responding of 1·26 (95% CI 
0·83 to 1·92, p=0·27; table 2). The number of participants 
who reported a clinically meaningful change (at least 
30% pain reduction) was 20 (41%) in the low-dose 
naltrexone group and 13 (26%) in the placebo group 
(RR 1·57 [95% CI 0·88 to 2·79], p=0·12). For participants 
with at least 50% pain reduction (defined as a substantial 
change), the numbers were 12 (24%) in the low-dose 
naltrexone group and seven (14%) in the placebo group 
(RR 1·75 [95% CI 0·75 to 4·07], p=0·19).

Sensitivity analyses showing the between-group 
differences for the per protocol population are available 
in the appendix (p 4). For the primary outcome (change 
in pain intensity), the between-group difference was 
larger in the per protocol population (–0·47 NRS, 95% CI 
–1·11 to 0·18; p=0·15) compared with the intention-to-
treat population. Regarding the number of pain 
responders, the RR was slightly larger in the per protocol 
population (eg, for 30% pain responders, RR 1·61 
[95% CI 0·92 to 2·82], p=0·09). The change in memory 
problems remained statistically significant (–1·01, 
95% CI –1·69 to –0·34; p=0·004).

The dichotomised EQ-5D domains are available in the 
appendix (p 3). For the pain and discomfort domain, 
most participants in both groups reported problems as 
level 3–5. A change in category from level 3–5 to level 1–2 
was observed in 12 (24%) of 49 in the low-dose naltrexone 
group versus 4 (8%) of 50 in the placebo group.

Adverse events in both groups are summarised in 
table 3, with a breakdown by grade of the event and the 
frequencies of 12 predefined adverse events. Adverse 
events were reported by 41 (84%) of 49 patients in the low-
dose naltrexone group (19 [39%] of a moderate grade) and 
43 (86%) of 50 in the placebo group (17 [34%]  moderate). 
The median number of adverse events reported per patient 
was three in the low-dose naltrexone group and two in the 
placebo group. The most frequent adverse event was 
headache, which occurred in 18 (37%) patients in the low-
dose naltrexone group and 19 (38%) in the placebo group. 
Vivid dreams, diarrhoea, constipation, increased appetite, 
dizziness, and hot flushes were reported more than twice 

as frequently in the low-dose naltrexone group than the 
placebo group. However, constipation and increased 
appetite were not commonly reported (<10%). One serious 
adverse event occurred in the placebo group (hospitalisation 
for 5 h due to severe abdominal pain). None of the reported 
adverse events were unexpected. No deaths occurred.

Discussion
To the best of our knowledge, this trial is the first rigorously 
designed, conducted, and reported randomised study 
evaluating the efficacy of low-dose naltrexone 6 mg for 
12 weeks compared with placebo for treating pain in 
women with fibromyalgia. We found that treatment with 
low-dose naltrexone was not superior to placebo for 
reducing the average pain intensity. Among the key 
secondary outcomes, we only found a significant between-
group difference in improving memory problems; 
however, this finding might be a false positive due to 
multiplicity. The study revealed no concerns with harms 
related to treatment with this relatively high dose of 6 mg 
low-dose naltrexone.

Low-dose 
naltrexone 
(n=49)

Placebo 
(n=50)

Final dose, mg 6·0 (4·5–6·0) 6·0 (6·0–6·0)

Exposure time, patient weeks 12 (12–12) 12 (12–12)

Adverse events 41 (84%) 43 (86%)

Adverse events, n events (rate per 
patient)

3 (1–6) 2 (1–4)

Mild adverse events 39 (80%) 42 (84%)

Moderate adverse events 19 (39%) 17 (34%)

Serious adverse events 0 1 (2%)

Deaths 0 0

Pre-specified adverse events

Headache 18 (37%) 19 (38%)

Vivid dreams 19 (39%) 9 (18%)

Diarrhoea 14 (29%) 7 (14%)

Constipation 8 (16%) 2 (4%)

Abdominal ache 11 (22%) 10 (20%)

Nausea 13 (27%) 14 (28%)

Increased appetite 5 (10%) 2 (4%)

Dizziness 14 (29%) 7 (14%)

Palpitations 2 (4%) 0

Hot flushes 16 (33%) 7 (14%)

Dry mouth 10 (20%) 10 (20%)

Depressed mood 2 (4%) 1 (2%)

Data are n (%) or median (IQR). The safety population was defined as participants 
in the intention-to-treat population who received at least one dose of their 
allocated intervention. The severity of an adverse event refers to the maximum 
intensity of the event. An event is considered mild if it does not interfere with 
activities of daily life, moderate if it limits instrumental activities of daily life, and 
severe if it interferes substantially with the patient’s activities of daily life. 
An adverse event is classified as serious if fatal or life-threatening, requires 
inpatient hospitalisation, causes substantial disabling, or requires medical 
intervention to prevent permanent impairment or damage.

Table 3: Adverse events
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A recent systematic review investigating the efficacy of 
low-dose naltrexone for treating fibromyalgia showed 
that two early placebo-controlled studies lacked scientific 
robustness, and their preliminary evidence of a positive 
effect was considered potentially biased.13 Data have 
recently been published from a third trial conducted in 
Denmark, where several methodological issues were 
improved, eg, a priori sample size calculation, similar 
lengths of treatment periods (21 days), and inclusion of a 
wash-out period (14 days) between the placebo and the 
low-dose naltrexone conditions. In this third trial, the 
primary outcomes were mean changes in FIQR total 
score and Summed Pain Intensity Rating on a 0–30 NRS 
(summing three subscores of pain during rest 0–10, 
personal hygiene measures 0–10, and activities of daily 
living 0–10), measured as the average pain intensity 
during the past 3 days. The study did not show significant 
between-group differences for these two primary 
outcomes. The sample size calculation was based on 
Fibromyalgia Impact Questionnaire data from the early 
trials, and an estimate of a sample size adequate to detect 
a minimal clinically important difference in Summed 
Pain Intensity Rating was not provided, but the observed 
very small effect size (Cohen’s d 0·04) indicated there 
was no clinically relevant difference for the change in 
Summed Pain Intensity Rating.

Our research group previously conducted a dose-
response study, testing doses between 0·75 mg and 6 mg, 
providing an estimate of the effective dose in 50% of 
3·88 mg and 95% of 5·4 mg.22 However, a larger dose 
range might have given a higher estimate. As clinical 
practice has changed during the past decade with the use 
of doses of up to 9 mg of naltrexone,15 combined with no 
safety concerns related to treatment with doses up to 
6 mg in our dose-response trial, we decided to use a test 
dose of 6 mg. Acknowledging that one size does not fit 
all, we also chose to include a titration phase, allowing 
for delayed increments.

In the current trial, the observed effect size for pain 
improvement was small, and not significant (Cohen’s d 
0·23).9 According to IMMPACT guidelines, there is a 
risk that clinically meaningful improvements for 
individual patients can be obscured by small mean group 
differences.29 Thus, a benefit–risk evaluation at the study 
level is recommended, including evaluation of secondary 
outcomes, responder analysis, safety parameters, and a 
comparison with other available therapies.29,30

Across the key secondary outcomes, we found small 
improvements of all patient reported outcomes in both 
groups, with no significant between-group differences 
except for FIQR-memory problems. Whether this finding 
is a false positive due to multiplicity, remains to be 
explored. None of the previous low-dose naltrexone trials 
have included measures of memory problems or other 
measures of disturbed cognition as an outcome.9,18–20

In our sensitivity analysis, we found the number of 30% 
pain responders to be 20 (45%) of 44 in the low-dose 

naltrexone group and 13 (28%) of 46 in the placebo group, 
corresponding to a number needed to treat of 6. Our 
study was not powered to detect a significant difference 
regarding responder indices. However, when looking at 
the 95% CI around the estimand of 30% response rates, 
we hypothesise that this finding could be interpreted as a 
potential difference to be explored in future trials. 
Subgroups of patients with fibromyalgia might respond 
differently to low-dose naltrexone treatment, and we 
intend to conduct a responder analysis based on levels of 
inflammatory biomarkers and specific biomarkers of glial 
activation, hypothesising that an inflammatory subgroup 
might benefit from the treatment. Results will be 
published in subsequent papers.

Discontinuations due to adverse events were very low in 
our trial, with 4 (8%) of 49 in the low-dose naltrexone 
group and 2 (4%) of 50 in the placebo group. In two earlier 
low-dose naltrexone cross-over trials, the drop-out rates 
were about 10%. As a comparison, in a systematic review 
of serotonin and norepinephrine reuptake inhibitors the 
number of withdrawals due to adverse events was reported 
to be 19% in the serotonin and norepinephrine reuptake 
inhibitor group and 10% in the placebo group.9

The main strength of this study is the use of a robust 
method, aiming to reduce the level of bias. We used a 
computerised random sequence generation that kept 
participants, outcome assessors, investigators, and 
statisticians masked to the allocation. Although our study 
was a single-centre study, participants were recruited 
from all over Denmark. Recruitment through 
advertisements provided a representative sample of 
patients with varying impacts of the disease. The 
treatment groups were comparable regarding the 
baseline characteristics, and treatment compliance was 
high in both groups. No participants were lost to follow-
up. The main analysis was based on the intention-to-treat 
population, and sensitivity analysis of the per protocol 
population showed similar results.

The study’s main limitation is that it was only powered 
to detect a difference between groups of 1·0 NRS points 
for the intensity of pain. The inclusion of 13 secondary 
outcomes and three dichotomous responder index 
outcomes might have increased the chance of a positive 
finding among the secondary outcomes. Another 
limitation could be around the external validity of the 
trial. As we primarily included White women aged 
18–64 years, our results cannot be generalised to men, 
adolescents, older adults, or other ethnic groups. Using a 
12-week follow-up period, our study does not provide 
knowledge about long-term treatment or adverse effects.

In conclusion, the current study did not show that 
treatment with low-dose naltrexone was superior to 
placebo in reducing pain in women with fibromyalgia in 
general. Our results indicate that low-dose naltrexone 
might improve memory problems associated with 
fibromyalgia, and we suggest that future trials investigate 
this further.
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