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Objective: Fibromyalgia (FM) is a debilitating chronic pain condition with few treatment 
options. Central sensitization and neuroinflammation have been forwarded as models of FM 
pathophysiology, both of which indicate dextromethorphan (DXM) as a potential treatment. 
DXM is an NMDA-receptor antagonist and microglial modulator with anti- 
neuroinflammatory properties at low doses. It is available for clinical use but has not been 
tested as a treatment for FM at low dosages. This study evaluated the effectiveness of DXM 
in treating FM-associated symptoms.
Methods: In a single-blind, placebo-controlled trial, 14 women meeting the 2010 American 
College of Rheumatology criteria for FM received a placebo for five weeks, followed by 
20 mg DXM for ten weeks, while providing daily symptom reports on a 0–100 scale. Pain 
and physical activity were the primary and secondary outcomes, respectively. Daily symptom 
ratings during the last four weeks of placebo were contrasted with ratings during the last four 
weeks of the active treatment using generalized estimating equations (GEE).
Results: DXM was well tolerated, and treatment adherence was high. Baseline pain was 
reduced by at least 20% in six participants. Self-reported daily pain and physical activity in 
the entire cohort were not significantly different between the placebo and DXM conditions, 
and the primary hypotheses were not supported. Exploratory analyses using the entire 
placebo and DXM data showed that pain was significantly lower in the DXM condition 
than in the placebo condition (b=−9.933, p=0.013).
Discussion: A strong clinical effect of DXM was not observed at the 20mg/day dosage.
Keywords: fibromyalgia, dextromethorphan, clinical trial, neuroinflammation, analgesia

Introduction
Fibromyalgia (FM) is a chronic pain condition characterized by widespread pain 
and a combination of associated symptoms, including unrefreshing sleep, excessive 
fatigue, cognitive abnormalities, and mood disturbances.1,2 The pathophysiology of 
FM is unclear but is suspected to involve central sensitization and the amplification 
of nociceptive signaling.3–8 Abnormal levels of corticotropin-releasing factor,9,10 

various neurotransmitters,11–14 and opioid peptides15 have also been found, impli-
cating complex pathophysiological mechanisms in the disease that have not been 
fully elucidated. In part due to an incomplete understanding of its pathophysiology, 
there are few effective treatments for FM. Three medications (pregabalin, dulox-
etine, and milnacipran) have been approved by the Food and Drug Administration 
(FDA) for pain management in FM, but their efficacy is modest.16–18 Opioid 
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analgesics are not indicated for chronic use in FM, as these 
medications have been associated with worse long-term 
outcomes.19–23 With many FM patients failing to respond 
to any available treatments, there is a significant need to 
test novel treatments for the disorder. Part of that process 
is identifying the most promising treatment candidates 
based on our current understanding of FM pathophysiol-
ogy, and prioritizing compounds that are currently avail-
able for clinical use.

While the cause of widespread pain in FM is unknown, 
research has pointed to abnormal nociceptive/pain proces-
sing in the central nervous system. Several hypotheses of 
FM pathophysiology center on abnormal inflammatory 
processes in the brain and spinal cord. A recent positron 
emission tomography (PET) imaging study using the 
translocator protein (TSPO) radioligand [11C]-PBR28 
found that individuals with FM showed increased micro-
glia activation in the brain, compared to healthy controls.24 

In their activated state, these cells produce pro- 
inflammatory cytokines, including tumor necrosis factor- 
α (TNF-α), interleukin (IL)-18, IL-6, chemokines, and 
reactive oxygen species.25–29 When these pro- 
inflammatory factors are chronically present in the brain, 
they can lead to several symptoms that are central features 
of FM, including widespread pain and pain sensitivity,30 

chronic fatigue, and cognitive and mood 
abnormalities.31–35

Few medications with microglia-modulating properties 
have been formally tested in FM. One exception is the toll- 
like receptor 4 (TLR-4) antagonist naltrexone, which we 
have shown previously to ameliorate FM symptoms,36,37 

and to decrease peripheral concentrations of pro- 
inflammatory factors.38 While a potentially useful tool in 
managing FM, many individuals do not respond at all to 
the treatment, so other microglia-modulating compounds 
should be explored.

This pilot clinical trial focuses on the oral N-methyl- 
D-aspartate (NMDA) receptor antagonist dextromethor-
phan (DXM). While more commonly known for its 
dissociative and antitussive effects, DXM has been 
demonstrated to reduce microglial production of pro- 
inflammatory cytokines TNF-α, IL-6, nitric oxide, and 
superoxide free radicals.39–43 Its active metabolite, 
3-hydroxymorphinan, may play a particularly important 
neuroprotective role, as it inhibits microglia production 
of proinflammatory factors after exposure to 
lipopolysaccharide.44 DXM is FDA-approved at 20 mg 
once or twice daily for the treatment of Pseudobulbar 

Affect in neurodegenerative and neuroinflammatory con-
ditions. Only one published study has examined the 
clinical efficacy of DXM in FM.45 That study reported 
positive responses in 35% of participants after 4–6 
weeks of treatment. However, adverse side-effects (eg, 
nausea and sedation) were reported in over 40% of 
participants, likely due to the large dosage used (over 
200 mg per day), which is known to produce a variety 
of unwanted effects.46

Because large dosages of DXM can produce signifi-
cant sedative, dissociative, and hallucinogenic effects, we 
investigated much lower dosages of the medication. 
Lower dosages of DXM may be able to reduce 
neuroinflammation47 without blocking NMDA receptors, 
thus avoiding unwanted dissociative effects. The aim of 
this pilot study was to determine if DXM should be 
further investigated as a possible treatment for FM. 
Fourteen women with FM received placebo for five 
weeks, followed by DXM for ten weeks while providing 
daily symptom reports. We hypothesized that generalized 
pain ratings would be significantly lower during the last 
four weeks of DXM treatment versus the last four weeks 
of placebo (primary outcome). We further hypothesized 
that physical activity during the last four weeks of DXM 
would be significantly higher than physical activity dur-
ing the last four weeks of placebo (secondary outcome), 
reflecting improved functioning. Finally, we conducted 
exploratory analyses to investigate DXM’s effects on 
maximum pain, muscle pain, fatigue and depressed 
mood.

Materials and Methods
Design
This clinical trial utilized a longitudinal, single-blind, 
placebo-controlled design to assess changes in self- 
reported symptoms as a result of treatment with DXM. 
Fourteen women with FM completed symptom reports 
daily at bedtime throughout their study participation. In 
the two-week baseline phase, participants completed the 
daily surveys with no intervention. In the placebo phase, 
participants took one inert capsule in the morning and 
one in the evening for five weeks. Participants then 
entered the ten-week DXM phase, and took one 10 mg 
DXM capsule in the morning, and one at night. 
Participants were blinded to the administration schedule 
and placebo capsules looked identical to DXM capsules, 
but contained only cellulose. Finally, participants 
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completed a two-week follow-up period, with continued 
daily symptom reports.

Participants
Fourteen women aged 23 to 65 who met FM criteria as 
outlined by the American College of Rheumatology 
(ACR)1,2 were enrolled in this study. As outlined in the 
criteria, we utilized a count of painful body parts in the 
upper left, upper right, lower left, lower right, and axial 
body regions (Widespread Pain Index, WPI; range: 0–19). 
The severity of secondary symptoms (Symptom Severity 
Scale, SSS; range: 0–12) was quantified as the sum of the 
following self-report ratings: fatigue (range: 0–3), waking 
unrefreshed (range: 0–3), cognitive complaints (range: 
0–3), headaches (0=absent; 1=present), abdominal pain 
(0=absent; 1=present), and depression (0=absent; 1=pre-
sent). Per the ACR criteria, FM is present if the following 
are satisfied: 1) a WPI score of at least 7 plus an SSS of at 
least 5 OR a WPI score of 4–6 plus an SSS of at least 9; 2) 
presence of generalized pain affecting four out of five body 
regions; and 3) the symptoms have been present for at least 
three months. Additionally, we calculated an FM Severity 
index as the sum of the WPI and SSS. Due to the uncertainty 
that often surrounds FM diagnosis in the early stages, parti-
cipants must have had FM symptoms for at least 12 months 
to qualify for this study, and report average daily levels of 
pain of at least 6 on an 11-point scale (0–10). The following 
exclusion criteria were applied: pregnancy or lactation, 
blood draw contraindications (eg, blood clotting disorder), 
rheumatologic or auto-immune conditions, fever, signifi-
cant psychological comorbidity, Hospital Anxiety and 
Depressions Scale (HADS) depression score of ≥16, parti-
cipation in another treatment trial, illicit substance use, and 
surgeries or vaccinations in the past 4 weeks. In addition, 
abnormal values on the following clinical labs were exclu-
sionary: high-sensitivity c-reactive protein ≥10 mg/L, ery-
throcyte sedimentation rate >60 mm/hr, positive 
rheumatoid factor, thyroid-stimulating hormone or free 
thyroxine outside reference values. Finally, participants 
could not be taking anticoagulants, monoamine oxidase 
inhibitors, antibiotics, or daily anti-inflammatory medica-
tions (eg, aspirin, ibuprofen, naproxen).

Procedures
This trial was registered on ClinicalTrials.gov 
(NCT03538054). The primary outcome was overall body 
pain ratings during the final four weeks of placebo and 
DXM. Secondary outcomes were physical activity ratings 

during the last four weeks of placebo and DXM, and self- 
reported scores on the Patient Global Impressions of 
Change scale (PGIC).48 All study procedures were carried 
out under approvals from the University of Alabama at 
Birmingham (UAB) Institutional Review Board (protocol 
#: F161018005). This trial was conducted in accordance 
with the Declaration of Helsinki.

Participants were recruited from the laboratory’s data-
base of individuals who had previously indicated an interest 
in research studies. Additional participants were recruited 
via electronic advertisements, flyers, and social media 
posts. Potential participants made contact with the research 
team by phone or e-mail and underwent phone screening, 
which involved the collection of demographic data, medical 
history, and current symptomatology relating to FM diag-
nostic criteria and study inclusion criteria. Those meeting 
initial inclusion criteria were scheduled for an in-person 
visit at UAB to provide written informed consent, blood 
samples and vital signs, and to undergo pregnancy testing. 
At the in-person visit, blood was drawn to conduct exclu-
sionary lab tests. Participants completed the Brief Pain 
Inventory (BPI),49 HADS,50 the Stanford Expectations of 
Treatment Scale (SETS),51 and the Drug Abuse Screening 
Test (DAST-10)52 to establish the presence of problematic 
drug use. Lastly, participants received a handheld tablet and 
instructions for completing symptom questionnaires at 
home. Eligible participants returned for five additional vis-
its, each of which involved an assessment of adverse events, 
measurement of vital signs, blood draws to check renal and 
hepatic functioning (Visits 3, 4, and 5), and disbursement of 
medications. The timing of renal and hepatic panels was 
chosen to correspond with the conclusion of placebo treat-
ment (end of week 7), midway through DXM treatment 
(week 12), and conclusion of DXM treatment (end of 
week 17), respectively. Participants were paid $550 for 
completing the study.

Description of Active Treatment
DXM reaches peak serum levels at 2.5 hours,53 and has 
a half-live of approximately four hours. It is lipid-soluble 
and readily crosses the blood-brain-barrier.54 It is used at 
dosages of 10–120 mg daily for antitussive treatment due 
to its antagonist action at NMDA receptors. Previous 
literature has suggested that DXM at 0.1mg/kg intraper-
itoneally reduces central inflammation.47 The dosage used 
in this study (20mg/day) is similar to the current FDA- 
approved use for Pseudobulbar Affect. This dosage is 
below the threshold which would produce diminished 
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driving performance (120 mg),55 cognitive functioning 
defects (400 mg),56 or hallucinogenic side effects (400 -
mg).57 DXM was compounded by Double Oak Mountain 
Pharmacy (Birmingham, AL, United States).

Daily Symptom Reports
The outcome measures were designed to capture the symp-
toms most endorsed by FM patients: pain, physical activ-
ity, fatigue, and depressed mood. Participants completed 
a 23-item symptom questionnaire daily at bedtime on 
a handheld tablet. Pain was rated in response to the 
prompt, “How would you rate your general level of pain 
today?”, and physical activity was rated in response to, 
“What was your overall level of activity today?” Other 
items were worded similarly. The severity of each symp-
tom was rated on a scale ranging from 0 to 100. The 
questionnaires were implemented in Qualtrics software 
(Qualtrics, Provo, UT, United States).

Compliance Checks
Compliance with the medication regime was established 
using electronic medication bottle caps (MEMS Cap, 
Aardex Group Ltd, Seraing, Belgium), which recorded 
the dates and times each bottle was opened. The target 
compliance rate was 80%.

Statistical Analyses
Statistical analyses were performed in SAS software, 
Version 9.4 of the SAS System for Windows (SAS 
Institute Inc., Cary, NC, United States). The primary out-
come was the difference in daily self-reported general pain 
during the last four weeks of placebo versus the last four 
weeks of DXM treatment. Normality testing was per-
formed with Shapiro–Wilk tests. Participant outcome 
scores were mean-centered by participant, allowing ana-
lyses to reflect within-person changes to the treatments, 
rather than between-person differences. A generalized esti-
mating equations (GEE) model is fitted to predict daily 
symptom severity based on study condition (placebo, 
DXM), assuming the autoregressive correlation structure 
and normal distributions. The grouping variable was sub-
ject ID. Significance of the parameter estimates was 
assumed at p<0.05.

The secondary outcome (self-reported physical activ-
ity) was tested using the same GEE approach. 
Additionally, exploratory analyses (highest pain, muscle 
pain, fatigue, and depressed mood) were tested in sepa-
rate GEEs.

Results
Participant Demographics
Figure 1 shows the number of individuals successfully entering 
each section of the study. Twenty-seven women met the initial 
screening criteria and attended the screening visit. Eight were 
excluded due to not meeting criteria (out-of-range values on 
blood tests: n=5; medication interactions: n=1; scheduled sur-
gery: n=1; illicit substance use: n=1), and 19 women were 
enrolled in the protocol. One person was removed from the 
study during the baseline period for starting a new medication 
containing DXM (acetaminophen-DXM-phenylephrine, 
Theraflu, GlaxoSmithKline, Brentford, United Kingdom), 
two participants withdrew during the placebo period, one was 
removed for poor medication adherence, and one was removed 
for unreliable symptom reporting. Data from 14 women were 
available for analyses.

Table 1 presents participant demographics, comorbid med-
ical conditions, and concomitant medication use in the final 
sample. Participants’ average age was 47.07 years 
(SD=10.74). The mean duration of FM was ten years and 
two months (M=10.19, SD=6.90), and participants reported 
an average FM severity of 22.14 (SD = 3.76) out of 31, based 
on the ACR criteria. Four participants were on FDA-approved 
medications for FM (duloxetine: N=4; pregabalin: N=0; mil-
nacipran: N=0). Table 2 presents individual scores and group 
means on the baseline questionnaires. Participants reported 
a moderate level of pain severity on the BPI at baseline 
(M=5.86, SD=1.57), and a moderate level of pain interference 
on daily activities (M=5.98, SD=1.68). The HADS revealed 
moderate average anxiety symptoms (M=10.57, SD=4.43) and 
mild-to-moderate depressive symptoms (M=8.36, SD=4.03). 
The SETS revealed moderate positive (M=4.14, SD=0.77) and 
low negative (M=1.79, SD=1.06) treatment expectations prior 
to the start of the intervention.

Treatment Adherence and Protocol 
Deviations
Participants spent an average of 33 days in the placebo period 
(range: 26–48 days) and 67 days in the DXM period (range: 
38–96). Medication adherence was 93.65% (SD=6.65) in the 
placebo condition and 88.81% (6.80) during the DXM condi-
tion. One participant did not meet the adherence goal (80%) 
during the placebo period, and one participant did not meet the 
goal during placebo, but both achieved over 78% adherence.

One individual (participant 004) experienced a tablet 
malfunction that was not detected until protocol comple-
tion. Data from the baseline and the first two weeks of 
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the placebo condition were lost. This individual was still 
included in the analyses because she had sufficient pla-
cebo and DXM reports. One participant (003) volunta-
rily withdrew from the study during active treatment due 
to initiating a new treatment with naltrexone. Another 
participant (010) withdrew during DXM due to wor-
sened pain, anxiety, and hot flashes. Participant 003 
completed seven weeks of the active treatment, and 
participant 010 completed five weeks of the active treat-
ment, which was deemed sufficient for inclusion in the 
analyses.

Scores for the PGIC secondary outcome were not 
available for analyses due to administrator error. The 
PGIC was inadvertently left out of the lab visit packet 
for several of the participants.

Blinding Efficacy
Participants were asked to indicate at each in-person 
visit whether they believed to have been taking placebo 

or DXM during the previous five weeks. Participants 
guessed the correct treatment 57% of the time, on 
average. Participants did not guess above chance level 
during either the placebo period [Χ2(1)= 2.236, p= 
0.135], the first five weeks of DXM treatment [Χ2(1) 
= 0.286, p= 0.593], or the last five weeks of DXM [Χ2 

(1)= 0.627, p= 0.429].

Main Treatment Effects
Table 3 displays group means for the primary outcome 
of generalized body pain across the four conditions: 
baseline, placebo, DXM, and end baseline. Individual 
changes in generalized pain ratings between the pla-
cebo and DXM conditions and the mean change for the 
entire sample are visualized in Figure 2. No significant 
difference in pain ratings between the placebo (mean 
pain = 45.5) and DXM (mean pain = 41.1) conditions 
were found when contrasting the final four weeks of 
each condition with the GEE (b = −5.065, p = 0.146). 

Figure 1 Participant flow chart.
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Table 1 Individual and Group-Level Illness Characteristics, Comorbid Medical Conditions, and Medications Reported in the Sample

PID Age FM 
Duration 
(Years)

WPI 
(0–19)

SSS 
(0–12)

FM 
Severity 
(0–31)

Comorbid Conditions Medications

001 56 12.0 11 6 17 Osteoarthritis Ibuprofen PRN*, acetaminophen PRN*, 

naproxen PRN*

002 23 5.0 19 9 28 None Phenazopyridine*

003 41 4.0 16 9 25 CFS, hypothyroidism (non-Hashimoto), 

sleep apnea, hypercholesterolemia, anxiety, 

depression

Acetaminophen PRN*, meloxicam PRN, 

sumatriptan PRN*, melatonin*, trazodone* 

diphenhydramine PRN*, ranitidine, 

famotidine, bismuth subsalicylate PRN*, 

cyclobenzaprine PRN*, Armor Thyroid, 

atorvastatin, rosuvastatin, amlodipine, 

sertraline, lorazepam PRN, iron

004 48 20.0 14 7 21 CFS, HTN, GERD, hypercholesterolemia, 

interstitial cystitis, depression, anxiety

Ranitidine, dexlansoprazole, fluoxetine, 

atorvastatin, amlodipine, carvedilol

005 46 6.2 15 8 23 Depression, anxiety Tizanidine, topiramate, escitalopram, biotin, 

Vitamin D, iron, Vitamin B12 (injections)

006 48 10.0 14 5 19 Osteoarthritis, tendonitis Ibuprofen PRN*, acetaminophen PRN*, 

naproxen PRN*, fenofibrate, aspirin, 

duloxetine, pseudoephedrine (cold), Vitamin 

D, Vitamin B12, turmeric, magnesium

007 34 19.0 12 12 24 CFS, idiopathic hypersomnia, sleep apnea, 

chronic migraines, hypothyroidism (non- 

Hashimoto), fatty liver disease (non- 

alcoholic), OCD, anxiety

Ibuprofen PRN*, acetaminophen PRN*, 

clonazepam*, omeprazole, fluoxetine, 

levothyroxine, Adderall, doxycycline (sinus 

infection), multivitamin, Vitamin D3, turmeric

008 51 4.0 16 12 28 Migraines, HTN, IBS, carpal tunnel 

syndrome, depression, anxiety

Ibuprofen PRN*, amitriptyline PRN*, 

tizanidine PRN*, melatonin PRN*, 

diphenhydramine PRN*, losartan, duloxetine, 

Vitamin B12, fish oil, calcium, iron

009 57 15.0 16 9 25 Osteoarthritis, sleep apnea, degenerative 

disk disease, hypercholesterolemia, pre- 

diabetes

Acetaminophen PRN*, naproxen PRN*, 

melatonin PRN*, meloxicam, aspirin, 

mirabegron, ketorolac injection, ceftriaxone 

injection, liraglutide, omeprazole, montelukast, 

cetirizine, vortioxetine, fenofibrate, 

fluticasone inhaler PRN, sulfamethoxazole/ 

trimethoprim (UTI), multivitamin, calcium

010 61 21.2 13 8 21 Osteoporosis Acetaminophen PRN*, meloxicam PRN*, 

gabapentin, duloxetine, diphenhydramine 

(acute allergic reaction), cortisone topical 

(acute allergic reaction), steroid injection 

(poison ivy exposure), alendronic acid, CBD oil

011 39 5.0 9 10 19 CFS, hypothyroidism (non-Hashimoto) Acetaminophen PRN*, chlorpheniramine 

PRN*

012 46 1.5 17 7 24 None Ibuprofen PRN*, Vitamin D

013 46 3.8 11 9 20 CFS, HTN, mitral valve prolapse, acoustic 

neuroma, migraines, trigeminal neuralgia, 

cervical disk herniation, hypothyroidism 

(non-Hashimoto), carpal tunnel syndrome, 

anxiety, depression

Diclofenac, duloxetine, gabapentin, Adderall 

XR, carbamazepine, lorazepam, 

pantoprazole

(Continued)
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The secondary outcome of physical activity was 50.1 in 
the placebo condition and 46.9 in the DXM condition. 
The GEE showed no significant difference between the 
conditions (b = −3.715, p = 0.181).

Exploratory Analyses
Exploratory analyses assessed the primary and secondary 
outcomes, as well as additional outcomes, for the entire 
placebo and treatment periods, rather than the final four 

Table 1 (Continued). 

PID Age FM 
Duration 
(Years)

WPI 
(0–19)

SSS 
(0–12)

FM 
Severity 
(0–31)

Comorbid Conditions Medications

014 63 16.0 10 6 16 Osteoarthritis, chronic constipation, 

insomnia, hypercholesterolemia

Aspirin PRN*, tizanidine PRN*, zolpidem 

PRN*, pravastatin, ranitidine, calcium, 

magnesium

Average 
(SD)

47.07 
(10.74)

10.19 
(6.90)

13.79 
(2.91)

8.36 
(2.10)

22.14 
(3.76)

– –

Note: *Medication use was reported on daily questionnaires during the trial. 
Abbreviations: ACR, American College of Rheumatology; CFS, chronic fatigue syndrome; FM, fibromyalgia; GERD, gastroesophageal reflux disease; HTN, hypertension; 
IBS, irritable bowel syndrome; OCD, obsessive-compulsive disorder; SD, standard deviation; SSS, Symptom Severity Scale; WPI, Widespread Pain Index.

Table 2 Individual and Group-Level Characteristics and Questionnaire Results from the Screening Visit

PID BPI Severity 

(0–10)

BPI Interference 

(0–10)

HADS-A 

(0–21)

HADS-D 

(0–21)

HADS Total 

(0–42)

DAST-10 

(0–10)

SETS Positive 

Expectations 

(1–7)

SETS Negative 

Expectations 

(1–7)

001 5.25 4.33 6 6 12 0 4.00 1.00

002 7.00 6.11 16 4 20 1 4.33 2.00

003 3.25 6.22 10 10 20 0 4.00 1.67

004 6.75 4.44 15 14 29 0 3.67 1.00

005 4.25 7.67 10 10 20 1 4.00 4.00

006 3.50 2.78 10 7 17 0 3.67 1.00

007 7.00 7.78 10 9 19 0 4.00 2.67

008 7.00 7.67 15 14 29 0 6.00 2.67

009 4.25 6.00 10 7 17 0 4.00 1.00

010 6.25 5.22 2 3 5 0 4.00 1.33

011 5.50 4.11 8 6 14 0 5.33 1.00

012 7.75 8.78 14 14 28 0 3.00 1.00

013 6.00 5.89 17 11 28 1 3.33 1.00

014 8.25 6.78 5 2 7 0 4.67 3.67

Group Average (SD) 5.86 (1.57) 5.98 (1.68) 10.57 (4.43) 8.36 (4.03) 18.93 (7.78) 0.21 (0.43) 4.14 (0.77) 1.79 (1.06)

Abbreviations: BPI, Brief Pain Inventory; HADS, Hospital Anxiety and Depression Scale; SETS, Stanford Expectations of Treatment Scales.

Table 3 Group Means and Standard Deviations on the Primary, Secondary, and Exploratory Treatment Outcomes (Raw Scores)

Baseline Placebo DXM End Baseline

Generalized Pain 55.30 (17.46) 45.55 (24.69) 41.09 (24.32) 44.90 (26.23)

Physical Activity 52.56 (17.87) 50.10 (19.70) 46.92 (19.79) 45.32 (22.07)

Highest Pain 62.26 (19.06) 50.94 (27.06) 45.26 (26.24) 49.05 (27.87)
Muscle Pain 55.30 (20.55) 44.12 (26.42) 40.11 (25.74) 42.31 (28.61)

Fatigue 67.52 (10.95) 51.69 (16.89) 45.92 (21.88) 50.56 (23.88)

Depression 26.67 (16.66) 21.40 (18.07) 20.95 (20.00) 24.05 (21.74

Note: Averages were calculated over the entire treatment period. 
Abbreviation: GI, gastrointestinal.
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weeks. These models tested: generalized pain, physical 
activity, muscle pain, highest pain, fatigue, and depressed 
mood. The models used the same GEE procedure as in the 
tests of the main treatment effects, but also included time 
(measured in days in the study) and the time-by-condition 
interaction. These additional terms were used to test for 
differences in the rate of change in outcome severity 
between conditions.

The results of the analyses are shown in Table 4. 
When using the entire placebo and DXM condition, the 
difference in generalized pain was significant (b=−9.933, 
p=0.013). The time-by-condition interaction was signifi-
cant (b=0.241, p=0.002), whereby the trend of pain rat-
ings over time was −0.251 in the placebo condition and 
−0.010, ie flatter, in the DXM condition. Entering demo-
graphic variables (age, FM duration) into the model 
revealed no significant effect of either variable (age: b= 
−0.197, p=0.281; FM duration: b= -0.143, p=0.588), or 
their interactions with the treatment effect (age*condi-
tion: b=0.324, p=0.236; FM duration*condition: 
b=0.211, p=0.607). There was no unique effect of com-
pliance with daily study medication on generalized pain 
scores (b=0.925, p=0.254), and no interaction between 
medication compliance and the treatment condition (b= 
-0.832, p=0.758), meaning that day-to-day variability in 
treatment compliance did not predict generalized pain 
above the general DXM treatment effect.

Model estimates for physical activity, muscle pain, highest 
pain, fatigue, and depressed mood are also seen in Table 4. No 
effects for condition were generally seen for the outcomes. 
The greatest exception was the highest pain, which was sig-
nificantly lower in the DXM condition (b= −9.657, p=0.016), 
indicating that DXM may work by ameliorating more severe 
pain. The day*condition interaction was also significant, indi-
cating that the negative trend over time during the placebo 
condition (b= −0.264, p<0.001) was flattened during DXM 
treatment (day*condition: b=0.236, p=0.002; slope= −0.028).

Adverse Events
A list of reported adverse events can be found in Table 5. 
The most frequently observed adverse event was elevated 

Figure 2 Individual changes in generalized pain ratings between the placebo and 
DXM conditions. The bold dashed line represents the change from mean placebo 
and mean DXM scores across participants.

Table 4 GEE Model Estimates from Sensitivity Analyses 
Predicting Study Outcomes Over the Entire Treatment Period

Parameters Estimate (b) SE Z p

Generalized Pain

Intercept 9.009 3.323 2.71 0.007
Day −0.251 0.087 −2.89 0.004

Condition (DXM) −9.933 3.987 −2.49 0.013

Day*Condition 0.241 0.079 3.04 0.002

Physical Activity

Intercept 4.221 2.171 1.940 0.052
Day −0.071 0.048 −1.47 0.142

Condition (DXM) −3.732 3.131 −1.19 0.233

Day*Condition 0.045 0.061 0.75 0.456

Muscle Pain

Intercept 8.294 3.390 2.45 0.014
Day −0.244 0.094 −2.59 0.010

Condition (DXM) −6.738 4.789 −1.41 0.159

Day*Condition 0.208 0.094 2.21 0.027

Highest Pain
Intercept 9.768 2.996 3.26 0.001

Day ˗0.264 0.077 −3.41 <0.001

Condition (DXM) −9.657 4.012 −2.41 0.016
Day*Condition 0.236 0.075 3.17 0.002

Fatigue
Intercept 8.019 4.216 1.90 0.057

Day −0.177 0.104 −1.70 0.088

Condition (DXM) −5.383 5.244 −1.03 0.305
Day*Condition 0.114 0.092 1.25 0.213

Depression
Intercept 2.937 1.651 1.78 0.075

Day −0.101 0.052 −1.94 0.053

Condition (DXM) −5.322 2.789 −1.91 0.056
Day*Condition 0.132 0.070 1.88 0.060

Abbreviation: SE, standard error.
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alanine aminotransferase, observed in three participants. 
Adverse events seen in at least two participants in the 
DXM condition included anxiety, constipation, diarrhea, 
elevated alkaline phosphatase, gastrointestinal upset, hot 
flashes, nausea, and vomiting. No serious adverse events 
requiring hospitalization or treatment occurred during the 
study.

Discussion
This study tested the effectiveness of low-dose DXM for 
improving pain and other symptoms in FM. Fourteen 
women with FM received placebo and DXM over 15 
weeks in a single-blind trial. When contrasting the final 
four weeks of the placebo and DXM periods, no signifi-
cant differences were found in the primary outcome of 
general body pain, or the secondary outcome of physical 
activity, meaning that the primary study hypotheses were 
not supported. In exploratory analyses over the entire 
treatment period, both general pain and maximum pain 

were significantly lower in the DXM condition. Pain was 
reduced by 30% from baseline levels, which is typical for 
chronic pain treatments. The lack of significant results 
when analyzing the last four weeks of treatment could 
be a result of reduced statistical power, but also could 
mean that DXM effects are more pronounced in the 
beginning of treatment. It should be noted that placebo 
effects usually contribute to the overall benefits of a drug, 
evidenced in the current study by changes in all major 
outcomes when comparing the placebo period to baseline 
scores (see Table 3). In order to determine whether the 
placebo effects are mediated by physiological (eg anti- 
inflammatory) or psychological (eg expectancy) effects, 
or a combination of both, future studies could measure 
these variables directly, for example, via serum inflamma-
tory markers and validated drug expectancy 
questionnaires.

Few side effects were reported in the current study. We 
do note ALT elevations during DXM treatment that were 
absent during the placebo phase. While reported 
previously,58 such elevations were not expected given the 
low dosage used, and suggest that DXM can increase 
demands on liver metabolism for some individuals. 
Future trials of DXM, at any dosage, should closely moni-
tor ALT and other liver enzymes.

There are two potential mechanisms for DXM. 
Classically, DXM is thought to reduce pain via antagonist 
actions on NMDA receptors, consistent with the central 
sensitization hypothesis.3–7,59–61 Several early animal stu-
dies demonstrated that NMDA-receptor antagonism 
abolishes hyperalgesia62–64 and NMDA antagonists such 
as ketamine and memantine have already been shown to 
reduce FM pain in humans.65–69 We focus here on an 
alternative explanation for DXM’s analgesic effects, 
namely the mediation of inflammatory processes in the 
brain. DXM has been shown to suppress microglial excit-
ability in vivo, with neuroprotective benefits.42 These 
actions are exerted partially through its active metabolite, 
3-hydroxymorphinan.44 Reducing microglia excitability 
may be relevant in FM given recent neuroimaging data 
demonstrating abnormally high microglial activation in the 
disease.24 To conclusively determine the mechanism of 
action leading to DXM’s analgesic effects, future studies 
could analyze peripheral or central inflammation markers, 
and would ideally incorporate neuroimaging correlates of 
inflammation, such as Magnetic Resonance Spectroscopy 
or PET imaging.

Table 5 Adverse Event Occurrences During Placebo and DXM 
Treatment

Event Placebo DXM

Anxiety – 002, 010

Bloating 004 004

Chest Tightness – 002
Cold/Respiratory Infection 012 –

Constipation – 002, 004

Depressed Mood 003 002
Diarrhea – 002, 004

Ear Infection 011 –
Elevated Alk Phosphatase – 004, 005

Elevated ALT – 001, 004, 007

Elevated Chloride – 005
Eye Redness – 014

Fever 009 –

Gallbladder Dysfunction – 005
Gastrointestinal Upset 002 002, 009

Hot Flashes – 006, 010

Low Alk Phosphatase 012 –
Low ALT – 014

Low AST 012 012

Muscle Weakness 004 –
Nausea – 004, 013

Rash 010 –

Sore Throat – 009
Vomiting – 004, 013

Abbreviations: ALT, alanine aminotransferase; ESR, erythrocyte sedimentation 
rate; HCG, human chorionic gonadotropin; HS CRP, high-sensitivity C-reactive 
protein; TSH, thyroid-stimulating hormone.
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Limitations
There are several limitations to this study. First, the medication 
was tested in a small number of FM patients, which limits 
generalizability to a wider population and prevented subgroup 
analyses. For example, a prior trial found that intravenous 
ketamine predicted the subsequent response to oral DXM in 
FM patients, suggesting the presence of important subgroups 
we could not investigate here.45 Second, we did not conduct 
dose-finding analyses, and it is possible that larger dosages, or 
more frequent dosings, would have yielded superior pain relief. 
Third, the durability of DXM responses is unknown, as parti-
cipants took the treatment for only 10 weeks. This has impor-
tant implications for clinical management, as chronic pain 
conditions such as FM would require a treatment with durable 
effects. Fourth, our single-blind design could have led to 
experimenter bias. While we found that blinding was effective, 
future studies could further minimize such problems by utiliz-
ing double-blind designs and randomization to treatment con-
ditions. Fifth, we did not utilize objective pain assessments 
such as pain threshold testing, which should be incorporated in 
future trials.

Conclusions
In this pilot study, we did not find strong evidence to support 
DXM as an important treatment for FM. Future studies explor-
ing DXM as a treatment for chronic pain may consider differ-
ent dosages and dosing schedules. This study does not change 
guidance to clinicians on treating FM. Experimental medica-
tions, including DXM, should not be used as a first-line treat-
ment due to the limited amount of evidence that currently 
supports their use in these populations. Considerably more 
research would need to be conducted before DXM can be 
considered as a viable FM treatment option.
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