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Low-Dose Naltrexone for the Treatment of Fibromyalgia

Findings of a Small, Randomized, Double-Blind, Placebo-Controlled,
Counterbalanced, Crossover Trial Assessing Daily Pain Levels

Jarred Younger, Noorulain Noor, Rebecca McCue, and Sean Mackey

Objective. To determine whether low dosages
(4.5 mg/day) of naltrexone reduce fibromyalgia severity
as compared with the nonspecific effects of placebo. In
this replication and extension study of a previous clin-
ical trial, we tested the impact of low-dose naltrexone on
daily self-reported pain. Secondary outcomes included
general satisfaction with life, positive mood, sleep qual-
ity, and fatigue.

Methods. Thirty-one women with fibromyalgia
participated in the randomized, double-blind, placebo-
controlled, counterbalanced, crossover study. During
the active drug phase, participants received 4.5 mg of
oral naltrexone daily. An intensive longitudinal design
was used to measure daily levels of pain.

Results. When contrasting the condition end
points, we observed a significantly greater reduction of
baseline pain in those taking low-dose naltrexone than
in those taking placebo (28.8% reduction versus 18.0%
reduction; P = 0.016). Low-dose naltrexone was also
associated with improved general satisfaction with life
(P = 0.045) and with improved mood (P = 0.039), but
not improved fatigue or sleep. Thirty-two percent of
participants met the criteria for response (defined as a
significant reduction in pain plus a significant reduc-
tion in either fatigue or sleep problems) during low-dose
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naltrexone therapy, as contrasted with an 11% response
rate during placebo therapy (P 0.05). Low-dose
naltrexone was rated equally tolerable as placebo, and
no serious side effects were reported.

Conclusion. The preliminary evidence continues
to show that low-dose naltrexone has a specific and
clinically beneficial impact on fibromyalgia pain. The
medication is widely available, inexpensive, safe, and
well-tolerated. Parallel-group randomized controlled
trials are needed to fully determine the efficacy of the
medication.

Naltrexone, given at low dosages (in the range of
3-5 mg), has been demonstrated to reduce symptom
severity in a small number of chronic conditions, in-
cluding fibromyalgia (1), Crohn’s disease (2,3), multiple
sclerosis (4,5), and pruritus associated with systemic
sclerosis (6). The use of naltrexone at this dosage range
is typically referred to as low-dose naltrexone (7). As an
orally available compound that is structurally similar
to naloxone, naltrexone may work to reduce disease
severity by attenuating inflammatory processes (8). This
antiinflammatory effect is distinct from the better-
known effect of naltrexone in the blockade of neuronal
opioid receptors and may instead involve the antagonism
of immune cell receptors, including microglia in the
central nervous system (9,10).

Microglia are the resident macrophages of the
central nervous system, and the primary form of immune
defense in the brain and spinal cord. The cells normally
exist in a resting (ramified) state but are activated by
a range of triggers, including cell death, peripheral
inflammation, and infection (11). Once activated, micro-
glia undergo drastic morphologic changes and produce
proinflammatory factors, such as cytokines, excitatory
amino acids, and nitric oxide (12). These inflammatory
factors can interact with neurons via multiple channels
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(13) to cause hyperalgesia, fatigue, and other symptoms
(14). The behavioral symptoms of activated microglia
(classically called sickness behaviors) are very similar
to the primary complaints of fibromyalgia, suggesting
that activated microglia may underlie the condition.
Fibromyalgia may therefore represent a state of hyper-
sensitive microglial activity and heightened inflamma-
tion in the central nervous system. Compounds such as
naltrexone, which are known to suppress microglial
activity, may therefore be helpful in treating fibromyal-
gia. By antagonizing microglial activity (likely via action
on Toll-like receptor 4), naltrexone may suppress the
release of proinflammatory factors and thereby reduce
pain and other symptoms of fibromyalgia.

In our previous small pilot trial, we found that
4.5 mg of naltrexone reduced self-reported symptoms
of fibromyalgia (primarily daily pain and fatigue) (1).
Fibromyalgia is a chronic pain condition that affects
~1-2% of the general population, with the large major-
ity of diagnosed individuals being women (15). The
disease is characterized by widespread musculoskeletal
pain and sensitivity to mechanical pressure at defined
tender points (16). Affected individuals also frequently
experience symptoms such as profound fatigue, sleep
difficulty, and problems with thinking, concentration,
and memory (17). The cause of fibromyalgia is unclear
and may encompass a number of distinct pathophysio-
logic profiles. Central sensitization and augmentation of
pain are likely critical aspects of the pathophysiology of
fibromyalgia (18,19).

Although demonstrating promising results, our
early pilot study of low-dose naltrexone had 4 major
limitations. The study was single-blind, was not counter-
balanced, was of short duration, and was conducted in a
small sample of 10 subjects. To verify our previous
findings and to determine the suitability of low-dose
naltrexone for larger randomized controlled trials, we
conducted the present study. Our major goal for this
project was to determine whether low-dose naltrexone
had an impact on fibromyalgia pain that could not be
attributed to placebo. To assess treatment-specific ef-
fects, we used an intensive longitudinal, crossover, no-
washout design. Symptom severity reports were col-
lected daily on handheld computers. By keeping
participants and experimenters blinded to when the
switch from placebo to low-dose naltrexone (or vice
versa) occurred, we removed any external cues that
could cause participants to shift their expectations.

We hypothesized that in contrast to placebo,
low-dose naltrexone would be associated with signifi-
cantly reduced severity of daily pain. We also hypothe-
sized that low-dose naltrexone would beneficially affect
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the secondary outcomes of life satisfaction, mood, sleep
quality, and fatigue.

PATIENTS AND METHODS

This study was registered with the ClinicalTrials.
gov database (http://clinicaltrials.gov/) under identifier
NCT00568555. Data were collected from April 21, 2008 to
January 5, 2010.

Patient selection. Advertisements were made primarily
via e-mails sent by the Fibromyalgia Network (http:/
www.fmnetnews.com) to registered individuals in Northern
California. Interested individuals completed a web-based sur-
vey to determine initial eligibility. Participants passing the
initial eligibility test were contacted via phone for additional
screening and were invited to come to the laboratory for a
more detailed screening. Women between the ages of 18 and
65 years who lived within a 2-hour drive of the laboratory were
invited to participate in the study. All study participants met
the American College of Rheumatology 1990 diagnostic crite-
ria for fibromyalgia (16).

Tender point examinations were conducted by the lead
investigator (JY) and supervised by the medical advisor (SM),
using a JTech Commander digital algometer (JTech Medical).
Individuals were excluded from the study if they demonstrated
evidence of joint inflammation or reported any history of
rheumatic or autoimmune disease. Participants also submitted
a blood sample at the screening visit and were excluded from
further participation if the following thresholds were met:
rheumatoid factor (RF) >20 IU/ml, antinuclear antibody (ANA)
titer >1:80, erythrocyte sedimentation rate (ESR) >60 mm/
hour, or C-reactive protein (CRP) level >2 mg/dl. Individuals
presenting with significant psychiatric distress or a score of
>29 on the revised Beck Depression Inventory (BDI-II) were
excluded from the study.

Participants taking opioid analgesic medications (in-
cluding atypical opioids such as tramadol) were excluded
from the study. Opioid medications were excluded because
naltrexone is an opioid antagonist and could potentially cause
opioid withdrawal. Study participants were allowed to continue
all existing medications throughout the study protocol. Par-
ticipants who had recently changed their medications were
not allowed to begin the study protocol until their other
treatments had been taken at steady dosages for at least 2
months. Participants were instructed to keep other medica-
tions at stable dosages throughout the trial and to report any
actual or potential changes in their treatment regimen to the
research personnel.

Baseline questionnaires. Fibromyalgia severity at base-
line was gauged with the Fibromyalgia Impact Questionnaire
(FIQ) (20). The FIQ yields a range of scores from 0 to 100. A
score of 50 indicates average fibromyalgia severity, and a score
of 70 and above demonstrates severe symptom severity.

Depressive symptoms at baseline were assessed with
the BDI-II (21), a widely used measure of depression. Scores
of 0-13 indicate no-to-minimal depression, 14—19 mild depres-
sion, 20-28 moderate depression, and 29-63 severe depres-
sion.

Study design. We used a randomized, double-blind,
placebo-controlled, crossover design for this study (Figure 1).
Procedures were approved by the Institutional Review Board
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Figure 1. Outline of the study protocol.

at Stanford University School of Medicine, and all participants
provided written informed consent.

Participants started the protocol with a 2-week base-
line period, during which time no capsules were administered.
Participants then randomly entered the placebo-first or low-
dose naltrexone—first arms of the study. After completing the
placebo or low-dose naltrexone condition, participants were
immediately switched to the other condition. The protocol
duration was 22 weeks per participant. To minimize attrition
during the lengthy study, the placebo condition was designed
to be shorter than the low-dose naltrexone condition (4 weeks
versus 12 weeks). Also, no washout period was used between
the low-dose naltrexone and placebo conditions. The exclusion
of a washout period also allowed us to keep participants
blinded with regard to the time at which crossover occurred.
By removing any cues that one compound was being switched
to the other, we could be more certain that any changes in pain
that occurred after the switch were due to pharmacologic
effects and not to changing expectations.

Following the completion of both the low-dose nal-
trexone and placebo stages, participants completed a 1-month
followup period. Daily reports were maintained throughout
the followup period, as our group of investigators and others
have observed symptoms to remain suppressed after stopping
low-dose naltrexone (1,2). Participants visited the laboratory
every 2 weeks to retrieve additional capsules and to report side
effects. During the laboratory visits, participants also guessed
whether they had been receiving placebo or low-dose naltrex-
one over the previous 2 weeks. They also completed tests of
mechanical pain sensitivity and heat pain sensitivity (data not
shown). Participants were compensated $30 at each laboratory
visit, for a total of $360.

Treatment and blinding. The drug capsules contained
4.5 mg of naltrexone hydrochloride mixed with a microcrystal-
line filler and noncaloric sweetener in a standard opaque
gelatin capsule. The 4.5-mg dose was chosen because it is the
dose typically used in other clinical trials (2,3). Placebo cap-
sules contained only the filler and sweetener. All capsules were
compounded by Preuss Pharmacy. Quality control testing was
provided by Front Range Laboratories.

Study participants were randomly allocated to one of
two medication lines by a random number generator software
program. Subjects were then assigned to the medication line
by 2 researchers who were not otherwise associated with the
study. All study personnel were blinded with regard to the
randomization assignment. Medication lines were contained in
sequentially numbered containers to conceal the contents, and
randomization information was kept in a sealed envelope until
all participants completed the protocol. During the placebo
and drug conditions, participants took 1 capsule daily, ~1 hour
before bedtime. Study participants and study personnel work-
ing directly with them were kept blinded with regard to the
crossover details of the study design (e.g., the different dura-
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tions of the placebo and low-dose naltrexone conditions and the
time points at which a crossover might occur).

Daily assessments. Throughout the entire protocol
(baseline, placebo, low-dose naltrexone, and followup), partic-
ipants completed daily symptom reports using a Palm Z22
handheld computer and the freely available Experiential Sam-
pling Program (http://www.experience-sampling.org/). Symp-
tom reports were completed before bedtime. The devices
recorded the time and date of each survey completion, which
was used to eliminate cases of retrospective reporting. The
primary outcome of daily pain was assessed with the question,
“Overall, how severe has your pain been today?” A 0-100
sliding-bar scale was used for recording responses, with 0
anchored as “no pain at all” and 100 as “worst pain imagin-
able.” Questions assessing secondary outcomes used a similar
0-100 scale. Medication tolerability was measured via a 0-100
scale with 0 anchored as “cannot tolerate at all” and 100 as
“tolerate perfectly well.”

Baseline pain severity was calculated for each partici-
pant by averaging pain reports across all 14 days in the baseline
condition. Raw pain scores were reported on a 0-100 scale.
End points for the placebo and low-dose naltrexone conditions
were calculated by averaging pain reports during the final 3
days of each condition. Those values were then converted to
percentage of pain reduction from baseline, using the following
formula: [(baseline pain — end point pain)/baseline pain] X
100.

Secondary outcomes were selected based on the rec-
ommendations of the Initiative on Methods, Measurement,
and Pain Assessment in Clinical Trials (IMMPACT) (22) and
included life satisfaction, mood, sleep quality, and fatigue.
These outcomes were measured on single-item visual analog
scales, similar to the primary pain outcome.

Statistical analysis. All analyses were conducted using
SPSS version 19 software. The primary clinical end point was
self-reported daily pain. Because this study used an intensive
longitudinal design, assumptions of independent and identi-
cally distributed residuals could not be made, and therefore,
the proper modeling of data interdependency across time
was an important concern. To test all models, the linear mixed
model (LMM) approach was used. The LMM allows for
correlated observations in the dependent variable. Denomina-
tor degrees of freedom were estimated via SPSS conventions
when using LMMs with repeated-measures data.

To test the primary clinical outcome, the percentage
of change in the level of pain from baseline was entered as
the dependent variable, and the study day was entered as the
repeated index. The optimal working correlation matrix for
repeated measures was determined by contrasting the avail-
able options with the Bayesian information criterion, with
autoregressive (AR1) as the default structure. Baseline pain
was calculated by averaging pain across the entire 14-day base-
line period. To contrast the placebo and low-dose naltrexone
conditions, the percentage of pain reduction from baseline was
assessed during the final 3 days of each treatment condition.
Condition (placebo versus low-dose naltrexone) was entered as
a fixed factor. Also, group designation (receiving placebo first
or low-dose naltrexone first) was entered as a fixed factor, as
was the condition X group (order effect) interaction. The
subject ID number was entered as a random effect.

Two control variables were also tested in the model.
First, baseline pain severity was entered. The baseline pain con-
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trol variable was designed to determine if individuals with
greater baseline severity were more likely to respond to pla-
cebo or low-dose naltrexone. Second, a linear time function
was entered. The time variable was included to determine if
change in pain could be attributed simply to natural improve-
ment over time. The time variable was created by entering
the observation day (days 1-140) for each outcome data point.
The time variable was tested in a separate model in order to
properly include the entire longitudinal data set, and to avoid
artificial overlap with the condition X group interaction. The
modeling approach was repeated for all secondary outcomes.

Response rate was calculated as a final secondary
outcome. Response rate describes the percentage of partici-
pants that are likely to respond to the medication. To calculate
the response rate, we used the conservative methods proposed
by Arnold and colleagues (23). To be designated a responder,
an individual had to demonstrate at least a 30% reduction in
pain, as well as either a 30% reduction in fatigue or a 30%
improvement in sleep. Differences in response rate between
the placebo and low-dose naltrexone conditions were statisti-
cally assessed with a chi-square test.

RESULTS

Participants. A total of 325 women completed
the web survey. The majority were excluded because of
excessive distance from the study site (Figure 2). Thirty-
one women were eligible for the study, signed consent
forms to participate, and were randomized to the low-
dose naltrexone—first or placebo-first conditions. Demo-
graphic information is provided in Table 1. Participants
had moderate symptom severity, as measured by the
FIQ, and minimal-to-moderate levels of depressive
symptoms based on the BDI-II. Their mean ESR was
within the normal range. All enrolled participants had
negative or below-detectable levels of RF and ANA.
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Three participants had detectable, but minimal, levels of
CRP (1.1, 1.6, and 1.6 mg/dl, respectively). The majority
of participants were taking at least 1 other medication
(Table 1).

Dropouts and missing data. One participant
dropped out of the study during the first 3 days of taking
capsules. This subject complained of dryness (eyes and
mouth) and tinnitus. No usable data were obtained from
this individual, and she was excluded from all analyses.
She was taking low-dose naltrexone. One participant
dropped out immediately after being switched from
low-dose naltrexone to placebo because she perceived
she had been switched to placebo and wanted to pursue
taking low-dose naltrexone clinically. Because no pla-
cebo data had been collected, she was not included in
the analyses.

Problems with the handheld computer caused a
loss of baseline data for 1 participant. She was excluded
from the analyses. Therefore, of the 31 women who
consented for the study, 28 had sufficient data to be
included in all analyses.

Assessment of blinding efficacy. At each labora-
tory visit, participants were asked to guess whether they
had been taking placebo or low-dose naltrexone for the
previous 2 weeks. Each participant was allowed §
guesses (2 during the placebo condition and 6 during the
low-dose naltrexone condition). During the placebo
condition, 52% of the guesses were accurate (with 48%
wrongly guessing low-dose naltrexone). During the drug
condition, 44% of the guesses were accurate (with 56%
wrongly guessing placebo). Guess accuracy did not di-
verge significantly from chance (x* = 0.39, P = 0.532).

| Assessed for eligibility (n = 325) |

Excluded (n = 294)
+ Not meeting inclusion criteria (n = 262)

r

k.

« Declined to participate (n = 10)
+ Other reasons (n = 22)

| Randomized (n=311 |

Low-Dose Naltrexone

Placebo

|

}

Allocated to intervention (n = 16)
+ Received allocated intervention (n = 16)
+ Did not receive allocated intervention (n = 0)

Allocated to intervention (n=15)
+ Received allocated intervention (n = 15)
+ Did not receive allocated intervention (n = 0

Y

¥

Lost to follow-up (n = 0)

Lost to follow-up (n=0)

Discontinued intervention (n = 1)
Y

Discontinued intiwention (n=1)

Analyzed (n = 14)
+ Excluded from analysis (n = 2)

Analyzed (n=14)
+ Excluded from analysis (n = 1)

Figure 2. Flow diagram showing the distribution of the study subjects from initial assessment to analysis of study data. Details given according to
the Consolidated Standards of Reporting Trials (CONSORT) statement for reporting randomized controlled trials.
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Demographic and clinical features and concomitant medication use in the entire study sample

All patients
(n = 28)

Low-dose
naltrexone first
(n =14)

Placebo first
(n = 14)

Demographic and clinical features,
mean * SD (range)
Age, years
Duration of illness, years
Fibromyalgia severity, by FIQ
Depression, by BDI-II
Body mass index, kg/m?
ESR, mm/hour
Concomitant medication use
No. taking other drugs
No other drugs
1 other drug
2 other drugs
3 other drugs
4 other drugs
5 other drugs
No. taking other classes of drugs
Anticonvulsant
SSRI
SSNRI
Tricyclic antidepressant
Benzodiazepine
Estrogen derivative
Protein pump inhibitor
Nonbenzodiazepine hypnotic
Muscle relaxant
Thyroid supplement
Statin
Inhaled B,-agonist
Angiotensin II blocker
Antiviral agent
Antimigraine
Histamine antagonist

42.7 + 12.9 (23-65)
11.7 = 10.1 (0.7-44)
57.2 = 11.8 (29-76)
12.8 + 7.4 (2-28)
27.5 + 5.6 (18-38)
11.8 = 7.6 (0-36)

—_
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423 £ 13.0
13.6 = 11.3
55.6 £13.0
9.7 £6.0
264 =52
9.6 £5.5

438 =134
83 £ 8.0
58.9 = 10.6
16.0 £ 7.5
30.0 £5.7
15.21 = 8.2

*FIQ = Fibromyalgia Impact Questionnaire (=70 represents severe

symptoms); BDI-II = Beck

Depression Inventory II; ESR = erythrocyte sedimentation rate; SSRI = selective serotonin reuptake
inhibitor; SSNRI = selective serotonin and norepinephrine reuptake inhibitor.

Daily pain severity (primary outcome). The dif-
ference in pain reduction between the low-dose naltrex-
one and placebo conditions was tested by contrasting
the final 3 days in each condition (Table 2). For the
entire study group, pain at the end of the placebo
condition was reduced by 18.0 = 10.8% (mean * 95%
confidence interval). At the end of the low-dose nal-
trexone condition, pain was reduced by 28.8 £ 9.3%.
The difference in pain reduction between placebo and
low-dose naltrexone was significant (F[1,30] 6.4,
P = 0.016). There was no significant main effect for
assignment in the placebo-first versus the low-dose
naltrexone—first group (F[1,26] = 0.1, P = 0.710) and
there was no condition X group interaction (F[1,34] =
0.02, P = 0.899).

Baseline pain severity interacted significantly
with study condition (F[1,29] = 4.3, P = 0.047). Post hoc

analyses (correlation coefficient) revealed that those
with greater baseline pain were marginally more likely
to experience a placebo-induced reduction of pain

Table 2. Change in daily pain scores (primary outcome variable), by
treatment group™

Change in pain score
with treatment

Pain score Low-dose

Study group at baseline Placebo naltrexone
Placebo first 50.0 —10.7(—19.4) —16.6 (—31.5)
Low-dose naltrexone first 51.5 —11.7 (=16.5) —14.3 (—26.0)
All subjects 50.8 —11.2 (—18.0) —15.5(—28.8)

* Pain severity was assessed in each patient during the final 3 days in
each treatment condition, with the use of a 0-100 visual analog scale
(where 100 is the most severe pain). Change scores are the number
(%) difference from baseline; negative values indicate improvement.
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(r = —0.36, P = 0.056). Baseline pain severity, however,
was not associated with pain change due to low-dose
naltrexone (r = 0.11, P = 0.57). The linear time variable,
which was tested separately, was not a significant pre-
dictor of change in pain compared with baseline
(F[1,148] = 0.04, P = 0.836).

To check the stability of the findings given the
high intrinsic variability of pain reports, the analyses
were repeated using the last 7 days in each condition
(instead of the last 3 days). The difference between
placebo and low-dose naltrexone remained significant
(F[1,66] = 12.3, P = 0.001).

Secondary outcomes (life satisfaction, mood,
sleep quality, and fatigue). Separate models were also
performed for the 4 secondary outcomes. All models
included baseline scores, as well as linear effects of time,
as control variables.

Patients’ general satisfaction with life was signif-
icantly increased in the low-dose naltrexone condition as
compared with placebo (11.1% versus 3.2%; F[1,34] =
4.3, P = 0.045). Mood was also significantly improved
in the low-dose naltrexone condition compared with
placebo (10.7% versus 2.1%; F[1,37] = 4.6, P = 0.039).
No other predictors in the models predicted significant
variance in pain outcome.

There was no significant difference in sleep qual-
ity between the low-dose naltrexone and placebo condi-
tions (10.4% improvement versus 9.2%; F[1,31] = 0.3,
P = 0.575). Also, there was no significant difference in
fatigue in the two groups (12.6% reduction versus 7.8%;
F[1,59] = 0.55, P = 0.461). Other predictors in the
model also failed to predict significant variance in the
secondary outcomes.

Side effects. Tolerability of low-dose naltrexone
was rated 89.2 = 15.1 (mean * SD), and placebo
tolerability was rated 89.4 = 15.6. Fixed-effects analyses
revealed no difference in tolerability between the active
drug and placebo (F[1,502] = 0.058, P = 0.809). Table 3
displays the percentages of participants reporting each
side effect, by drug condition. Pearson’s chi-square tests
(not corrected for multiple comparisons) were per-
formed on all reported side effects to see if the fre-
quency of complaints occurred more in the low-dose
naltrexone condition than placebo. Only two side effects,
vivid dreams (x* = 4.4, P = 0.037) and headache ()* =
4.05, P = 0.044), were more frequently reported in the
low-dose naltrexone condition. Increased vividness of
dreams was the most commonly reported side effect in
both the placebo and low-dose naltrexone groups
(13% and 37% reporting the effect, respectively).
Rarely, participants described the vivid dreams as un-
pleasant.
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Table 3. Reported side effects, by treatment group™

Low-dose

Side effect Placebo naltrexone

Vivid dreams 13
Headache

Nausea/upset stomach
Nightmares

Insomnia

Dry mouth or dry throat
Shortness of breath
Anxiety

Agitation

Increased hair growth
Increased sweating
Weight gain

Dizziness

—_
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37+
16%
16
13
16
10
3
3
3
3
3
0
3

* Values are the percentage of participants reporting each side effect.
i x> = 4.36, P = 0.037.
i x* = 4.05 P = 0.044.

All participants were told that they had the
option to reduce their daily dosage to 3.0 mg if they
experienced side effects. Four individuals requested
the 3.0-mg dosage. Three of those individuals were
taking low-dose naltrexone at the time of the request;
1 reported having headaches, 1 reported heartburn, and
1 reported irritability. Another individual who requested
a dosage reduction due to headaches was taking placebo.
In all cases, the severity of side effects was reduced by
the change in dosage.

Response rate. In the low-dose naltrexone condi-
tion, 9 individuals (32%) met all criteria for a positive
response. In the placebo condition, 3 individuals (11%)
met all criteria. The difference in response rates was
significant (x* = 3.82, P = 0.05).

DISCUSSION

In this study, we found evidence that daily treat-
ment with naltrexone (3.0-4.5 mg) reduces pain associ-
ated with fibromyalgia syndrome. The results largely
support our earlier preliminary work (1), further sug-
gesting a potential role of low-dose naltrexone in the
treatment of fibromyalgia. The average reduction in
pain we observed after 12 weeks of low-dose naltrexone
administration was 28.8%, which was slightly lower than
the average 32.5% reduction observed in our first trial.
The percentages of participants who exhibited at least a
30% reduction in pain levels was very similar between
the two studies, with a 57% pain response rate in the
current study and a 60% response rate in the previous
study. Unlike the first study, however, we did not find an
effect of low-dose naltrexone on fatigue. The collective
results suggest that low-dose naltrexone likely reduces
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Figure 3. Average pain response of participants in A, the placebo-first group and B, the low-dose naltrexone—first group. Graphs show the average
daily pain values across the entire study period, with a 3-day smoothing filter. The x-axis represents the day of the study; the y-axis represents the
percentage of baseline pain. For the purposes of illustration in order to fit all participants’ data on the same scale, extra data were truncated for

participants who completed extra study days.

pain levels to a greater degree than placebo and may
also improve mood and general satisfaction with life.

The study drug was well-tolerated by the majority
of participants. Using daily ratings of tolerability (0-100
scale), there was no difference between the tolerability
of low-dose naltrexone and placebo. Two side effects,
vivid dreams and headache, were reported more often
when the subjects were taking low-dose naltrexone than
when they were taking placebo. Side effects were mini-
mized by reducing the dosage to 3.0 mg/day.

Low-dose naltrexone is a compound that may
reduce fibromyalgia disease severity via the novel action
of microglia antagonism (8). We hypothesize that in
conditions such as fibromyalgia, microglia (as well as
other glial cells) may be abnormally sensitized (24). This
microglia priming could be the result of normal aging
(25), environmental insult (26), previous immune insult
(27), or peripherally derived immune activators (28,29).
In the primed state, microglia can be provoked to
release proinflammatory factors in the brain and spinal
cord (25). Upon release, these proinflammatory factors
may then interact with neurons, leading to the central
facilitation of pain processing (30-34). Unfortunately,
microglia cells are not available for direct interrogation
in living humans, making direct evidence for the micro-
glia hypothesis difficult to collect. We note that there are
alternative explanations for the mechanism of action of
low-dose naltrexone, including the hypothesis that tran-

sient opioid blockade leads to a compensatory, long-
lasting increase in endogenous opioid activity (35-37).
Given that some research has identified endogenous
opioid dysregulation in patients with fibromyalgia (38),
opioidergic mechanisms of beneficial low-dose naltrex-
one action should not be ignored. Furthermore, even
though fibromyalgia shares symptoms with many other
multisymptom illnesses (39,40), it does not necessarily
follow that low-dose naltrexone will be helpful in the
other disorders. New positron emission tomography
methods that target the translocator protein system on
activated microglia (41-43) may provide a way of testing
the validity of the microglia hypothesis.

Several other compounds have also recently
been discovered to modulate microglial activity, a few
examples being naloxone (44), dextromethorphan (45),
3-hydroxymorphinan (46), and ibudilast (47). These
compounds have demonstrated the ability to suppress
the production of proinflammatory and excitatory
agents from microglia and may work via antagonism of
Toll-like receptor 4 (8). While these other compounds
may have a beneficial effect on fibromyalgia symptoms,
we chose naltrexone because of its relatively high oral
bioavailability, long history of safe use, low cost, and
accessibility. Glial cell modulators represent a new ap-
proach for treating chronic diseases that may involve
central inflammation. All of the above-listed compounds
were designed for other purposes and were later dis-
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covered to also have microglia-modulating properties.
In many cases, however, the dosages needed for micro-
glia antagonism may be much lower than those used
for the original clinical purposes. Indeed, identifying a
proper low dose may be critical to realizing the full
neuroprotective and antiinflammatory effects of these
compounds (48). The idea of keeping microglia in their
quiescent, resting state is gaining traction as a target of
interest (49), and we expect that new compounds for that
purpose are currently in development and testing.

A limitation of this study is that the potential
extended action of low-dose naltrexone renders the
findings of crossover studies extremely difficult to inter-
pret. We chose the crossover design because it allows
participants to experience the drug for themselves and
because statistical sensitivity can be achieved with fewer
participants than in similarly powered parallel-group
studies. However, bleedover effects may be prominent,
especially when the placebo condition follows the med-
ication condition. For example, a “pharmacologic con-
ditioning” confound occurs when a prior beneficial
response during a drug phase leads to heightened ex-
pectations during subsequent phases (50). We have
previously observed that pain is partially suppressed
from baseline levels even 1 month after stopping low-
dose naltrexone. To minimize bleedover of the effects
of prolonged low-dose naltrexone treatment into the
placebo condition, we chose to examine only the final
few days of each condition for the main analyses. While
the effects of physiologic and psychological bleedover
could have been further reduced with the inclusion of
an interim washout period, we believed that the addi-
tional burden on the 6-month study would have in-
creased participant attrition. We note that attrition in
the study was very low. Therefore, we believe the cross-
over design is justified for generating preliminary data,
although it will be critical to conduct larger parallel-
group design studies before making recommendations
for clinical practice.

Interpretation of the study results may also be
hampered by the large intrinsic variability of the pain
outcome variable. As seen in Figure 3, pain can fluctuate
greatly, even over short periods of time. Future studies
may use longer assessment periods to provide better
estimates of treatment effects.

Currently, 3 treatments for fibromyalgia have been
approved by the Food and Drug Administration: prega-
balin (51), duloxetine (52), and milnacipran (53). Recent
systematic reviews have found that all of these treat-
ments are superior to placebo and are similar in their
efficacy and tolerability (54,55). While still in the pre-
liminary stages of investigation, we propose that low-
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dose naltrexone is a compound worthy of further in-
vestigation to supplement the current therapies for
fibromyalgia. Our replicated observation that low-dose
naltrexone affects levels of pain, together with the low
cost and tolerable nature of low-dose naltrexone, makes
it a promising target for future investigation.
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Clinical Images: Milwaukee shoulder syndrome affecting the elbow

The patient, an 87-year-old woman, was referred to the rheumatology department for pain in the shoulders and left elbow,
associated with increased markers of inflammation (C-reactive protein level 200 mg/liter). Active mobility of these joints had been
severely limited for 4 months, leading to progressive incapacity of the arms. On physical examination, loss of the normal rounded
contour of both shoulder muscles was apparent, with a palpable depression in the upper humeral area of the right shoulder (A). All
of the synovial fluid cultures and blood cultures were sterile. Results of immunologic tests were negative for rheumatoid factor and
anti—citrullinated peptide antibody. Radiographs showed complete bilateral osteolysis of both the humeral head and the glenoid
cavity of the scapula (B) and severe destruction of the radial head of the left elbow (C), with the presence of osteochondral loose
bodies. Neuropathic arthropathy was initially suspected, but careful neurologic examination, spine magnetic resonance imaging,
syphilis serology tests, and electromyography did not reveal an underlying neurologic disorder such as syringomyelia (1).
Posttraumatic osteolysis of the shoulder was also possible, but seemed unlikely because there had been no acute traumatic event and
there was inflammatory oligoarticular involvement. Shoulder arthrocentesis yielded a hemorrhagic inflammatory fluid with no
crystals seen on polarized microscopy. Alizarin red staining of the synovial fluid revealed hydroxyapatite crystals. The diagnosis of
bilateral Milwaukee shoulder also affecting the left elbow was proposed, and the patient was treated successfully with a 4-week
regimen of oral corticosteroids. This rare destructive arthropathy described in 1981 (2) occurs predominantly in elderly women,
usually affects a single joint, and is characterized by intraarticular or periarticular hydroxyapatite crystals and rapid destruction of
the rotator cuff and the glenohumeral joint (3). Calcium pyrophosphate or apatite crystal deposition involving other peripheral
joints is sometimes described (1,2).
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