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Effects of Bedtime Very Low Dose Cyclobenzaprine on
Symptoms and Sleep Physiology in Patients with
Fibromyalgia Syndrome: A Double-blind Randomized
Placebo-controlled Study
HARVEY MOLDOFSKY, HERBERT W. HARRIS, W. TAD ARCHAMBAULT, TERENCE KWONG, 

and SETH LEDERMAN

ABSTRACT. Objective. To determine the effects of bedtime very low dose (VLD) cyclobenzaprine (CBP) on

symptoms and sleep physiology of patients with fibromyalgia (FM), unrefreshing sleep, and the 

a-nonREM sleep electroencephalographic (EEG) anomaly at screening.

Methods. Of 37 patients with FM in the screened population, 36 were randomized and treated in this

8-week, double-blind, placebo-controlled, dose-escalating study of VLD CBP 1–4 mg at bedtime.

We evaluated changes in subjective symptoms including pain, tenderness, fatigue, mood [Hospital

Anxiety and Depression Scale (HAD)], and objective EEG sleep physiology (at screening, baseline,

and Weeks 2, 4, and 8).

Results. In the VLD CBP-treated group (n = 18) over 8 weeks, musculoskeletal pain and fatigue

decreased, tenderness improved; total HAD score and the HAD depression subscore decreased;

patient-rated and clinician-rated fatigue improved. In the placebo-treated group (n = 18), none of

these outcome measures changed significantly. Compared to placebo at 8 weeks, VLD CBP signifi-

cantly improved pain, tenderness, and the HAD Depression subscore. Analysis of cyclic alternating

pattern (CAP) sleep EEG revealed that significantly more subjects in the VLD CBP group than the

placebo group had increased nights of restorative sleep in which CAPA2+A3/CAPA1+A2+A3 =

CAPA2+A3(Norm) ≤ 33%. For VLD CBP-treated subjects, the increase in nights with CAPA2+A3(Norm)

≤ 33% was correlated to improvements in fatigue, total HAD score, and HAD depression score.

Conclusion. Bedtime VLD CBP treatment improved core FM symptoms. Nights with

CAPA2+A3(Norm) ≤ 33% may provide a biomarker for assessing treatment effects on nonrestorative

sleep and associated fatigue and mood symptoms in persons with FM. (First Release Sept 2 2011; 

J Rheumatol 2011;38:2653–63; doi:10.3899/jrheum.110194)
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Fibromyalgia syndrome (FM) is a common, chronic muscu-

loskeletal pain disorder, diagnosed predominantly in

women, that is characterized by widespread pain, increased

sensitivity to pain (or tenderness) at multiple tender points,

fatigue, unrefreshing sleep, and depressed mood1. Cyclo -

benzaprine (CBP) has been studied in FM in a number of

randomized trials employing doses of 10–40 mg per day,

with mixed results2,3,4,5,6,7. CBP is approved by the US

Food and Drug Administration (FDA) for treating muscle

spasm, which is not a feature of FM. However, CBP has

gained wide use in the US without promotion to treat FM

symptoms in a manner not sanctioned by the FDA, or

“off-label.” While CBP has been studied in FM at various

doses and dosing schedules, it remains unclear whether CBP

might be effective in the management of FM and if so, what

dose or dosing schedule is optimal.

In randomized trials of FM, CBP at doses of 10–40 mg

per day has been associated with improvement in FM but

also with side effects2,3,4,5,6,7. A metaanalysis of 5 random-

ized placebo-controlled trials with high-dose CBP, given at

variable times during the day, showed an overall global

improvement, a short-term modest improvement in pain,

moderate improvement in sleep, and no improvement in

fatigue or tender points8. Eighty-five percent of patients

experienced untoward effects, commonly drowsiness, dizzi-

ness, and dry mouth. Carette, et al reported a double-blind,
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placebo-controlled study comparing CBP with amitriptyline

and placebo that showed little efficacy with longterm use of

the drugs7. Physician global assessment ratings, however,

showed a significant beneficial effect of CBP vs placebo at

6 months7.

Bedtime CBP dosing has several potential advantages

over daytime dosing. High blood levels of CBP are associ-

ated with somnolence and other side effects. Bedtime dos-

ing that provides lower blood levels of CBP the next day

might reduce unwanted daytime somnolence. In addition,

bedtime dosing of CBP may improve sleep quality.

Anecdotal experience and systematic case study suggest that

very low doses of CBP at bedtime may provide benefit to

FM patients with reduced next-day somnolence9. These

findings suggest that side effects of daytime CBP might

overwhelm treatment effects. In addition, general principles

of medicinal chemistry and pharmaceutical development

favor the lowest effective dose as a means of optimizing

safety, given the presumptive health risk of any pharmaceu-

tical. Consequently, bedtime administration of very low

dose (VLD) CBP, if effective, has the potential to provide a

protocol for CBP administration in FM patients with

improved tolerability and reduced risk of toxicity relative to

higher doses.

The CBP products currently marketed for treating muscle

spasm are not designed for bedtime use. The immedi -

ate-release product Flexeril® is recommended for tid dosing

(5 mg or 10 mg tablets tid), which results in relatively stable

blood levels over 24 hours after several days of treatment10.

The controlled-release CBP product Amrix® mimics, and

flattens, the pharmacokinetic profile of tid immedi -

ate-release CBP, so that bedtime administration of Amrix

results in only a modest increase in nighttime blood levels11.

Consequently, achieving high nighttime and low daytime

blood levels of CBP requires bedtime dosing of immedi -

ate-release CBP formulations.

FM is a chronic condition punctuated by exacerbations

(or flares) with variable severity of symptoms. A number of

potential factors have been proposed that may contribute to

causing, exacerbating, or perpetuating FM symptoms,

including psychological factors12,13,14, mechanical stresses

in the cervical and lumbar spine15, muscle deconditioning16,

neurotransmitter abnormalities17, disturbances in the

chronobiology of sleep-wakefulness18, and seasonal varia-

tion, with an increase in symptoms during winter months in

the United States19.

Several lines of evidence support the idea that FM is

associated with hyperactivity of the sympathetic nervous

system20. Patients with FM have heart rate variation and

sensitivity to orthostatic changes on tilt-table tests20,21.

Patients have increased sensitivity to external noxious stim-

uli and complain of diminished tolerance to loud sounds,

bright lights, strong odors, and extremes of temperature

and/or pressure22. In addition, FM is typically associated

with disturbed sleep23, which may relate to hypervigilance

and alarm signals associated with a hypersympathetic state.

Disturbed, unrefreshing sleep is a frequent complaint of

patients with FM. The sleep disturbance has been character-

ized as nonrestful or nonrestorative sleep. Patients have an

arousal disturbance during electroencephalographic (EEG)

sleep, termed the a-EEG non-rapid eye movement

(nonREM) anomaly or arousal rhythm24. A relationship

between sleep disturbance and some of the symptoms asso-

ciated with FM was suggested by the observation that

non-FM volunteers subjected to noise that artificially dis-

rupted their nonREM sleep experienced a similar a-EEG

sleep anomaly and complained of diffuse myalgia and

fatigue25. More recently FM has been associated with

increases in the periodic nonREM EEG sleep known as the

cyclic alternating pattern (CAP)26,27. CAP is characterized

by sequences of transient EEG changes in nonREM sleep

that occur distinctively from the background EEG activities.

Samples of characteristic EEG tracings for Stage 2 nonREM

sleep including normal, a-EEG non-CAP, and CAP are

shown in Figure 1. In FM, subtypes CAPA2 and CAPA3 are

increased; these are indices of poor sleep quality or sleep

instability26. In addition, elevated CAPA2 and CAPA3 in FM

have been correlated with other measurements of arousal

during sleep26. To the extent that nonrestorative sleep may

exacerbate FM symptoms, treatments that improve sleep

quality may improve daytime symptoms of FM.

Our study was designed to investigate the effects of bed-

time administration of VLD CBP (≤ 4 mg/day) in subjects

with FM and nonrestorative sleep. It was also designed to

identify measurements that may be useful markers of drug

effects.

MATERIALS AND METHODS

Study overview. This was a randomized, double-blind, placebo-controlled,

dose-escalating, parallel-design study in patients with FM and disrupted

sleep conducted at 2 Canadian sites. Following a prestudy screening period

of up to 21 days, patients were randomly assigned to receive either VLD

CBP or placebo, in a 1:1 ratio, once daily for 8 weeks, to be taken between

dinner and bedtime. The dosage was 1 mg for the first 7 days, after which,

if clinically indicated and according to tolerability, the daily dose could be

increased up to 4 mg. The dose could be reduced at the discretion of the

investigator. Randomized patients were seen by the study physician(s)

every 1 or 2 weeks for 8 weeks to evaluate therapeutic benefit, safety, and

tolerability of study drug, with a final visit 4 to 10 days after the last

on-treatment visit. For patients who discontinued, the efficacy and safety

determinations designated for Day 56 were obtained on the last day the

patient took study medication or as soon as possible thereafter (within 3

days for efficacy). The protocol and informed consent forms were reviewed

and approved by the ethics review board for each study site. Patients were

enrolled in 2 Canadian centers, in Toronto, Ontario, and Calgary, Alberta.

Entry criteria. Male and female patients were eligible for inclusion if they

were 18 to 65 years of age (inclusive), had documented FM and sleep dis-

turbance, met the American College of Rheumatology (ACR) 2001 criteria

for FM28, reported nonrestful sleep more nights than not for at least 3

months before the start of double-blind treatment, demonstrated the

a-nonREM EEG sleep anomaly at screening, and provided signed

informed consent. Patients were excluded who had inflammatory rheumat-
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ic disease or a primary psychiatric disorder, were using psychopharmaco-

logic drugs or nonsteroidal antiinflammatory drugs (NSAID), had a histo-

ry or presence of sleep apnea or sleep-related periodic involuntary limb

movements, or had used CBP within 3 months prior to the study. While

patients had a range of prior treatments for FM, the study was conducted

prior to the approval of pregabalin, duloxetine, or milnacipran.

Prior medications or treatments that were exclusion criteria included

use of (1) electroconvulsive therapy within 3 months (or residual cognitive

effects); (2) fluoxetine within 5 weeks; (3) any investigational drug,

antipsychotic drug, or steroid (including topical steroids) within 1 month;

(4) any antidepressant (including monoamine oxidase inhibitors), anxiolyt-

ic, sedative-hypnotic, anticholinergic, muscle relaxant, lithium, or any

other psychopharmacologic drug within 2 weeks of the start of

double-blind treatment; (5) any nonpsychopharmacologic drug within 2

weeks of the start of the double-blind treatment period unless a stable dose

of the drug had been maintained for at least 1 month (3 months for thyroid

or hormonal medications) before the start of the double-blind treatment

period; and (6) any capsaicin-containing cream, NSAID, or salicylate with-

in 2 weeks of the start of double-blind treatment.

Treatments permitted during the trial included psychotherapy, if well

established before the study; acetaminophen for headache; and nonpsy-

chopharmacologic drugs if the patient had been receiving a stable dose of

the drug for at least 1 month before the start of double-blind treatment (at

least 3 months before double-blind treatment for thyroid medications and

hormonal medications).

EEG and other variables assessed during sleep. Patients were evaluated in

the sleep laboratory on 5 nights: at screening, baseline, and 3 on-treatment

weeks, usually Weeks 2, 4, and 8. Overnight sleep EEG recording, com-

monly referred to as polysomnogram recordings (PSG), measured total

sleep time, total awake time, sleep efficiency, percentage of time spent in

each sleep stage, sleep stage changes, a-EEG sleep ratings, and movement

arousals. Sleep records were scored blindly in 30-second epochs according

to standard criteria. Scoring was centralized at 1 site (Dr. H. Moldofsky,

Toronto). The PSG was performed and analyzed according to the

Rechtschaffen and Kales criteria29 before the current American Academy

of Sleep Medicine rules were introduced.

To be included for study, patients had to exhibit the a-nonREM sleep

anomaly at screening and baseline. The a-nonREM sleep activity was rated

in Stages 2, 3, and 4. Total activity (all 3 stages), Stage 2 activity, and Stage

3–4 activity were each scored on a 1–5 scale, according to the percentage

of sleep epochs in those sleep stages that contained an a-EEG rhythm30. A

patient was determined to have the a-nonREM sleep anomaly at screening

if > 40% of sleep epochs contained a-EEG activity (a rating of 3 or high-

er) or at least 10 episodes of periodic k-a. K-a episodes were defined as

periodic (every 20 to 40 s) k-complexes immediately followed by a-EEG

activity 0.5 to 5 s in duration. K-a episodes were scored during Stage 2, 3,

and 4 sleep24,30.

Cyclic alternating pattern (CAP). Subsequent to enrollment and comple-

tion, EEG sleep studies in patients with FM were reported that identified

increases in the periodic sleep EEG arousal disorder known as CAP in

nonREM sleep, a measure of sleep instability related to the symptoms of

FM26. Analysis of nocturnal sleep EEG CAP was determined by employ-

ing a computerized automatic detection analysis using the Embla PSG sys-

tem27,31 that provides the frequency of total CAP and subtypes of CAPA1,

CAPA2, and CAPA3
32,33. CAP was scored during Stage 2, 3, and 4 sleep. 

K-a episodes are a variety of CAP.

Efficacy variables. Pain, tenderness, fatigue, and mood are symptoms of

FM consistent with the current Outcome Measures in Rheumatology

Clinical Trials (OMERACT) guidelines1,34.

Safety and tolerability assessments. Adverse events (AE) were recorded at

all study visits or as they occurred. Blood chemistry tests (including thy-

roid-stimulating hormone at screening only), hematology tests, and urinal-

ysis were performed at screening and on Days –1 and 56. A urine drug

screen was performed at screening. Serum ß-human chorionic

gonadotropin measurement was performed on women of childbearing

potential at screening and on Days –1 and 56. Laboratory tests with values
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Figure 1. Examples of 60-second Stage 2 nonREM sleep EEG and elec-

tromyography (EMG) tracing. A. Normal; B. a-EEG sleep; C. Cyclic alter-

nating pattern (CAP) sleep EEG subtype A3 with increased submental

EMG.
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that became clinically significantly abnormal after drug administration

were repeated until the values returned to normal or the etiology was iden-

tified and the sponsor notified. Laboratory determinations were performed

by a central laboratory, MDS Pharma Services, Toronto.

Sitting pulse and blood pressure measurements were taken at all visits.

Standard 12-lead electrocardiography (ECG) measures were performed at

screening and on Days –1 and 56. A comprehensive physical examination,

including oral temperature, was performed at screening and on Day 56.

Height was measured at screening and weight at all visits.

AE were coded using COSTART. Treatment-emergent AE (TEAE)

were summarized by number (%) of patients according to preferred term

and system/organ class, and the treatment arms were compared in terms of

incidence of AE reported by ≥ 10% of patients in either arm using Fisher’s

exact test. AE and serious adverse events (SAE) were summarized by

severity and relationship to study treatment.

Laboratory data were summarized, and mean change was presented for

each numeric variable. Laboratory data were classified as low, normal, or

high and out-of-range values were flagged. Within-group values for numer-

ic variables were summarized. Scatterplots were generated for selected lab-

oratory tests. The treatment arms were compared with respect to mean

change using the 2-sample t test. Vital signs and weight were summarized

for each study visit, and the groups were compared with respect to mean

change using the 2-sample t test. Physical examination data were listed, and

any new physical findings were summarized. Selected ECG variables were

summarized at baseline and at the end of treatment, and treatments were

compared using a 2-sample t test for actual value and change from baseline.

The proportions of patients with a normal ECG were compared at baseline

and end of treatment by Fisher’s exact test.

Assessment of treatment compliance. A record of all medication dispensed

and returned during the study was maintained by the investigators.

Treatment compliance was assessed by (1) counting each patient’s remain-

ing capsules at each study visit, (2) subtracting this number from the

amount originally in each bottle (yielding the number of capsules taken),

and (3) dividing this number into the number of capsules that should have

been taken, per protocol, during the period between study visits.

Statistical analyses. Analyses for musculoskeletal pain, fatigue, tenderness,

HAD total score, HAD anxiety subscale, HAD depression subscale, sleep

a-EEG rating, sleep time, percentage time spent in each sleep stage, per-

centage REM sleep, latency to Stage 2, REM latency, and sleep efficiency

were performed using a paired t test for within-group change with a 2-sided

p value. In addition, the VLD CBP and placebo groups were compared

using change from baseline at Week 8 using a 2-sample t test with a 2-sided

p value. Clinical global impression of change (CGIC) and patient global

impression of change (PGIC) scores (each question, e.g., fatigue, sleep dis-

turbance, musculoskeletal pain, and morning stiffness and aching) were

analyzed with the Cochran-Mantel-Haenszel test on row means, using

modified ridit scores. Since one of the goals of this Phase 2 study was to

elicit signals of treatment effect over the many variables studied, no adjust-

ment of p values was made for multiplicity.

RESULTS

Patient disposition. A total of 36 patients with FM and non-

restorative sleep were enrolled and treated (VLD CBP, n =

18, and placebo, n = 18). Thirty-seven patients satisfied the

screening criteria, but prior to treatment 1 patient was dis-

covered to have been randomized in error upon examination

of her screening ECG results and was never dosed and was

consequently omitted from the intention-to-treat (ITT) and

safety populations (Figure 2).

Twenty-nine patients completed the study. Similar per-

centages of VLD CBP and placebo-treated subjects com-

pleted the study (89% of the VLD CBP group, 68% of the

placebo group). One placebo-treated patient discontinued

because of an AE. Three placebo patients were discontinued

per protocol due to normalization of an a-nonREM sleep

EEG abnormality between screening and baseline (a score

< 3). One placebo patient and 2 VLD CBP patients were

asked to return after 1 week instead of 2 weeks following

Visits 6 and 7 and thus received only 6 weeks of therapy.

2656 The Journal of Rheumatology 2011; 38:12; doi:10.3899/jrheum.110194
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Figure 2. The progress of the study. VLD CBP: very low dose cyclobenzaprine; PSG:

polysomnogram; LOCF: last observation carried forward.
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Three patients considered completers had final efficacy

evaluations at Week 7 and 5 patients had final efficacy eval-

uations after but not during Week 8. The average time in the

study was 54 days.

Patient characteristics. Table 1 shows the anthropometric

data for patients with FM. There were no meaningful differ-

ences between the 2 treatment groups in demographic or

other baseline data. All patients were white and all patients

but 1 were women, with a mean age of 43 years; 50% of

patients in each group had had FM for more than 72 months.

The 2 groups were also similar in terms of FM history. The

time elapsed since diagnosis of FM was similar in the 2

groups, and all but 1 of the patients had received prior ther-

apies for FM.

Dose titration of CBP. CBP was formulated as 1 mg cap-

sules, and placebo capsules contained no CBP. Investigators

were allowed to adjust dosage throughout the study as toler-

ability allowed. Daily dose ranged from 2 to 4 mg in the

VLD CBP group at Week 8, with a group mean of 3.1 mg.

Placebo capsules were titrated to a dose corresponding to

2.1 mg.

Tolerability. VLD CBP was well tolerated, with only 1

severe AE (headache), compared to 5 severe AE in the

placebo group. One patient in the placebo group discontin-

ued prematurely because of nonsymptomatic arrhythmias.

There were no serious AE in this trial. No new or unexpect-

ed AE emerged during treatment, nor were there any clini-

cally significant trends in laboratory test results, vital signs,

ECG results, or physical examination findings. The most

common TEAE, which occurred in > 10% of subjects and in

> 5% of VLD CBP-treated subjects, are shown in Table 2.

Overall, the types of TEAE observed were relatively consis-

tent with those reported in the Flexeril product label. 

VLD CBP effects on FM symptoms. Eighteen VLD

CBP-treated and 18 placebo-treated subjects were evaluated

using last observation carried forward (LOCF) and com-

pared using a paired t test for within-group change with a

2-sided p value (Table 3). In addition, the VLD CBP and

placebo groups were compared using change from baseline

at Week 8 using a 2-sample t test with a 2-sided p value

(Table 3).

Bedtime musculoskeletal pain and fatigue. The bedtime

questionnaire recorded subjects’ assessments of pain and

fatigue about 24 h after ingestion of the VLD CBP or place-

bo. Musculoskeletal pain was rated on a 7-point scale of 0–6

(from “no discomfort” to “worst possible discomfort”) at

each of 10 specific body sites. Scores at these sites were

then averaged to provide an assessment of overall muscu-

loskeletal pain. For subjects who received VLD CBP, the

mean musculoskeletal pain score changed from 2.3 at base-

line to 1.7 at Week 8, which was a decrease (or improve-

ment) of 0.6 (26.1%; p = 0.010). In contrast, placebo treat-

ment did not result in statistically significant changes in

musculoskeletal pain, which remained at an average score of

2.1 at baseline and at Week 8 (0.0%; p = 1.000). The mean

change from baseline of the VLD CBP and placebo groups

at Week 8 differed significantly and revealed that VLD CBP

treatment significantly improved musculoskeletal pain (p =

0.044; Table 3).

Fatigue was rated on a 7-point scale of 1 to 7 (where 1 =

“full of energy” and 7 = “totally physically exhausted”). For

subjects who received VLD CBP, the mean fatigue score

changed from 5.0 at baseline to 4.3 at Week 8, which was a

decrease (or improvement) of 0.7 (14.0%; p = 0.039). In

contrast, placebo treatment did not result in statistically sig-

nificant changes in fatigue, from 4.7 at baseline to 4.9 at

Week 8, which was an increase of 0.2 (4.3%; p = 0.647).

However, the mean change from baseline of the VLD CBP

and placebo groups at Week 8 did not differ significantly

(Table 3).

Tenderness. In patients with FM, the application of pressure

(4 kg/cm2) to specific body regions (9 bilateral “tender

points,” 18 total “tender points”) elicits a more painful reac-

tion than normal; this may be assessed by using a dolorime-

ter to determine the specific amount of pressure (0–6

kg/cm2) required to elicit pain at each of 6 tender points and

totaling this score (0–36 kg/cm2). For subjects who received

VLD CBP, the dolorimetry score changed from 14.3 kg/cm2
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Table 1. Demographic and other baseline characteristics.

Characteristic VLD CBP, Placebo,

N = 18 N = 18

Sex, n (%)

Male 0 1 (6)

Female 18 (100) 17 (94)

Age, yrs, mean (SD), 

range 45.9 (11.4), 26–62 39.3 (9.3), 23–56

Race (white, non-Hispanic) 

(%) 18 (100) 18 (100)

Weight, kg, mean (SD), 

range 68.1 (10.1), 53–86 73.8 (16.3), 53–108

Height, cm, mean (SD), 

range 162.3 (8.8), 148–178 165.9 (5.6), 160–178

Table 2. Most common (> 10%) treatment-emergent adverse events.

VLD CBP Placebo

Adverse Event (N = 18), n (%) (N = 18), n (%)

Any adverse event 15 (83) 15 (83)

Headache 7 (39) 3 (17)

Dry mouth 6 (33) 1 (6)

Somnolence 4 (22) 2 (11)

Constipation 3 (17) 1 (6)

Dizziness 3 (17) 1 (6)

Nausea 2 (11) 5 (28)

Flu syndrome 2 (11) 1 (6)

Rhinitis 2 (11) 1 (6)

Pruritus 2 (11) 0
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at baseline to 18.6 kg/cm2 at Week 8, which was an increase

(or improvement) of 4.3 kg/cm2 (30.1%; p = 0.006). In con-

trast, placebo treatment did not result in statistically signifi-

cant changes in dolorimetry score, from 15.6 kg/cm2 at

baseline to 16.1 kg/cm2 at Week 8, a change of 0.5 kg/cm2

(3.2%; p = 0.614). The mean change from baseline of the

VLD CBP and placebo groups at Week 8 revealed that VLD

CBP treatment improved the dolorimetry score significantly

(p = 0.029; Table 3).

Hospital Anxiety and Depression Scale (HAD). The HAD is

a widely used patient self-rated scale with 14 questions (7

anxiety and 7 depression questions) ranging from 0 to 42.

For subjects who received VLD CBP, the HAD score

changed from 13.7 at baseline to 10.4 at Week 8, which was

a decrease (or improvement) of 3.3 (24.1%; p = 0.012). In

contrast, placebo treatment did not result in statistically sig-

nificant changes in HAD scale, 15.7 at baseline and 15.1 at

Week 8 (3.8%; p = 0.459). Comparison of the change from

baseline between the VLD CBP and placebo groups at Week

8 did not reveal a significant effect of VLD CBP treatment

on the HAD scale (Table 3).

The HAD depression subscale score (range 0–21) was

also analyzed. For subjects who received VLD CBP, the

HAD depression subscale changed from 6.3 at baseline to

4.9 at Week 8, a decrease (or improvement) of 1.4 (22.2%;

p = 0.017). In contrast, placebo treatment did not result in

statistically significant changes in intragroup HAD depres-

sion subscale scores, from 6.7 at baseline to 7.4 at Week 8,

an increase of 0.7 (10.4%; p = 0.319). Comparison of the

change from baseline between the VLD CBP and placebo

groups at Week 8 revealed that VLD CBP treatment was

associated with a significant improvement in the HAD

depression subscale score (p = 0.023; Table 3).

Clinician-rated and patient-rated improvement scales for

fatigue. At each post-baseline visit, the CGIC and PGIC

scores were rated separately by the clinician and by the

patient, respectively. Fatigue was evaluated using a scale of

5 (“worse”) to 1 (“marked improvement”). VLD CBP treat-

ment was associated with a statistically significant improve-

ment in patient-rated and clinician-rated change in fatigue 

(p = 0.001 and p = 0.004, respectively). In contrast, placebo

treatment did not result in statistically significant changes in

any of these measures. Relative to placebo, VLD CBP treat-

ment did not significantly improve patient-rated or clini-

cian-rated improvement in fatigue (p = 0.133, p = 0.237,

respectively; Table 3).

Effect of VLD CBP on macrostructure of sleep EEG. VLD

CBP treatment at bedtime was studied for its effects on sleep

EEG. PSG was performed at prestudy screening, at baseline,

and typically at Weeks 2, 4, and 8. In the VLD CBP-treated

group from baseline to Week 8, total time awake decreased

from 1.3 h to 0.8 h, which was an improvement of 38.5% 

(p = 0.011), while total sleep time increased 5.7 h to 6.4 h,

an improvement of 12.3% (p = 0.005) and sleep efficiency

increased 73.6% to 85.1%, an improvement of 15.6% (p =

0.023). In contrast, placebo treatment did not result in sta-

tistically significant changes in any of these measures.

Compared to placebo, VLD CBP treatment did not signifi-

cantly change total time awake, total sleep time, or sleep

efficiency (Table 4).

Within the VLD CBP group from baseline to Week 8,

VLD CBP treatment did not significantly change the per-

centages of Stage 1, 2, 3, or 4 or REM sleep (Table 4).

However, in a change from baseline analysis, compared to

placebo, VLD CBP was associated with an 11.1% increase

in Stage 2 sleep (56.5% vs 50.6% for placebo; p = 0.021), a
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Table 3. Effect of very low dose cyclobenzaprine (VLD CBP) on FM symptoms.

Last Observation Carried Forward (LOCF) VLD CBP vs Placebo

Treatment Baseline Week 8 Mean % of LOCF Treatment % of

(SD) (SD) Change Baseline SD p* p** Baseline

Musculoskeletal pain VLD CBP 2.3 (1.2) 1.7 (1.2) –0.6 –26.1 0.88 0.010† 0.044† –18.2

Placebo 2.1 (1.2) 2.1 (1.4) 0 0.0 0.83 1.000

Fatigue VLD CBP 5.0 (1.3) 4.3 (1.5) –0.7 –14.0 1.33 0.039† 0.126 –12.4

Placebo 4.7 (1.2) 4.9 (1.4) 0.2 4.3 1.82 0.647

Tenderness VLD CBP 14.3 (5.6) 18.6 (9.5) 4.3 30.1 5.76 0.006† 0.029† 16.7

Placebo 15.6 (10.1) 16.1 (7.7) 0.5 3.2 4.13 0.614

HAD score VLD CBP 13.7 (5.8) 10.4 (7.5) –3.3 –24.1 4.96 0.012† 0.067 –32.0

Placebo 15.7 (7.4) 15.1 (8.9) –0.6 –3.8 3.36 0.459

HAD depression VLD CBP 6.3 (3.9) 4.9 (4.5) –1.4 –22.2 2.25 0.017† 0.023† –38.5

Placebo 6.7 (4.1) 7.4 (4.7) 0.7 10.4 2.89 0.319

Patient-rated change in fatigue VLD CBP 2.9 1.00 0.001† 0.133

Placebo 2.5 1.29 0.120

Clinician-rated change in fatigue VLD CBP 2.8 1.04 0.003† 0.257

Placebo 2.5 1.15 0.083

* Each t test is used to test that within-group change from baseline is significant, i.e., different from 0. p value is 2-sided. **ANOVA p value comparing mean

change from baseline between treatments. † p ≤ 0.05. HAD: Hospital Anxiety and Depression Scale.
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55.1% decrease in Stage 4 sleep (7.5% vs 13.4% for place-

bo; p = 0.029), and a 17.3% decrease in REM sleep (15.9%

vs 19.1% for placebo; p = 0.007; Table 4).

VLD CBP effects on CAPA2+CAPA3. Subsequent to enroll-

ment and completion, EEG sleep studies in FM patients

were reported that identified increases in the periodic sleep

EEG arousal disorder known as CAP in nonREM sleep26,27.

Therefore, an analysis of sleep EEG CAP was performed

that measured subtypes CAPA1, CAPA2, and CAPA3 and

Total CAP (or CAPA1 + CAPA2 + CAPA3). Subtype CAPA1
is associated with sleep maintenance or least sleep instabili-

ty, and subtypes CAPA2 and CAPA3 are associated with

moderate to prominent increases in sleep instability.

Because CAPA2 and CAPA3 are most closely associated

with sleep instability26,27, the sum of CAPA2 + CAPA3 rates

(CAPA2+A3) was used as an indicator of disordered sleep.

CAPA2+A3 was normalized (CAPA2+A3(Norm)) by dividing

CAPA2+A3 by the total CAP rate (CAPtotal = CAPA1 +

CAPA2 + CAPA3 rates = CAPA1+A2+A3) and expressed as a

percentage. Therefore, CAPA2+A3(Norm) = 100 ¥

CAPA2+A3/CAPA1+A2+A3 and this yields the percentage of

total CAP that is associated with sleep instability.

To determine whether patients experienced nights with a

potential CAP response to treatment, it was necessary to

determine an empirical threshold below which

CAPA2+A3(Norm) values reflect a night of relatively stable

sleep for this population. To determine a threshold for

CAPA2+A3(Norm) that could be informative for a potential treat-

ment response, the study CAP data were then evaluated by

considering a range of cutoff values for CAPA2+A3(Norm) from

≤ 10% to ≤ 50%. Testing various CAPA2+A3(Norm) values

revealed that defining a threshold for response

CAPA2+A3(Norm) ≤ 33% distinguished VLD CBP-treated sub-

jects from placebo-treated subjects (Table 5), at which thresh-

old the percentage of patients with increased nights of CAP

response while on treatment (ITT, LOCF) was 72% with VLD

CBP compared to 33% with placebo (p = 0.019). The finding

that CAPA2+A3(Norm) ≤ 33% may be a relatively healthy

CAPA2+A3(Norm) value for patients with FM is consistent with

our analysis of previously published normative data26.

Correlation of CAPA2+A3(Norm) with FM symptoms. To eval-

uate whether increased nights with CAPA2+A3(Norm) ≤ 33%

was correlated with clinical improvement measures in pain,

fatigue, tenderness, HAD, and HAD depression over the

course of the study (LOCF Week 8), Spearman’s rank cor-

relation was investigated separately for each treatment. Data

were coded such that improvements were positive. Within

the VLD CBP-treated patients, increased nights with

CAPA2+A3(Norm) ≤ 33% was found to correlate positively to

decreases in fatigue (rho = 0.62, p = 0.006), HAD total score

(rho = 0.505, p = 0.033), HAD depression subscale (rho =

0.556, p = 0.017), patient-rated fatigue (rho = 0.614, p =

0.007), and clinician-rated fatigue (rho = 0.582, p = 0.0112;

Table 6). In contrast, improved CAP response was not cor-

related with either musculoskeletal pain or dolorimetry

results (Table 6). Within the placebo-treated subjects, none

of these FM symptoms or sleep EEG measures was signifi-

cantly correlated to increased number of nights with

CAPA2+A3(Norm) ≤ 33% (Table 6). In the placebo group,

increased nights of CAP response correlated with measures

of improved sleep, that is, a positive correlation with sleep

efficiency and a negative correlation with total time awake.

Together, these findings suggest that nights with

CAPA2+A3(Norm) ≤ 33% may reflect relatively healthy or
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Table 4. Effect of very low dose cyclobenzaprine (VLD CBP) on sleep EEG.

Last Observation Carried Forward (LOCF) VLD CBP vs Placebo

Treatment Baseline Week 8 Mean % of LOCF Treatment % of

(SD) (SD) Change Baseline SD p* p** Baseline

Total time awake, h VLD CBP 1.3 (0.9) 0.8 (0.5) –0.5 –38.5 0.74 0.011† 0.100 0.0

Placebo 0.9 (0.7) 0.8 (0.5) –0.1 –11.1 0.50 0.408

Total sleep time, h VLD CBP 5.7 (1.2) 6.4 (1.1) 0.7 12.3 0.93 0.005† 0.156 0.0

Placebo 0.9 (0.7) 0.8 (0.5) –0.1 –11.1 0.50 0.408

Stage 1, % VLD CBP 10.3 (3.7) 11.5 (3.8) 1.2 11.7 3.72 0.189 0.205 16.6

Placebo 10.2 (5.0) 9.8 (4.6) –0.4 –3.9 3.86 0.666

Stage 2, % VLD CBP 52.9 (8.1) 56.5 (10.0) 3.5 6.8 9.04 0.119 0.021† 11.1

Placebo 53.2 (6.7) 50.6 (6.8) –2.6 –4.9 5.87 0.077

Stage 3, % VLD CBP 7.4 (3.3) 8.6 (4.3) 1.2 16.2 3.52 0.166 0.166 21.9

Placebo 7.2 (2.2) 7 (1.9) –0.2 –2.8 2.04 0.683

Stage 4, % VLD CBP 10.5 (7.8) 7.5 (8.0) –3.0 –28.6 7.64 0.114 0.029† –55.1

Placebo 10.9 (5.5) 13.4 (5.5) 2.5 22.9 6.81 0.138

REM, % VLD CBP 18.8 (5.2) 15.9 (5.1) –2.9 –15.4 4.18 0.764 0.007† –17.3

Placebo 18.1 (5.1) 19.1 (4.1) 1.0 5.5 4.29 0.337

Sleep efficiency, % VLD CBP 73.6 (20.9) 85.1 (11.2) 11.5 15.6 19.56 0.023† 0.099 –2.3

Placebo 83.9 (13.4) 86.9 (8.7) 3.0 3.6 8.31 0.144

* Each t test is used to test that within-group change from baseline is significant, i.e., different from 0. p value is 2-sided. **ANOVA p value comparing mean

change from baseline between treatments. † p ≤ 0.05. 
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restorative sleep for patients with FM as symptoms vary nat-

urally over the course of the condition, as well as providing

a potential biomarker for treatment effects.

DISCUSSION

Our study was designed to investigate the effects of bedtime

dosing of VLD CBP (≤ 4 mg/day) in subjects with FM and

disrupted sleep. It was also designed to identify variables

that might be useful markers of drug effects. The rationale

for the study was that bedtime administration of VLD CBP

would have a more acceptable side effect profile than high-

er doses administered during the day2,3,4,5,6,7,8, and yet

might show effects on FM symptoms.

VLD CBP was well tolerated, with no serious AE or dis-

continuations because of AE. The safety profile of VLD

CBP compared favorably to that of placebo and the types of

TEAE observed in this study were relatively consistent with

those reported in the Flexeril (immediate-release CBP)

product label. In particular, the prevalence of daytime

drowsiness was lower with evening bedtime VLD CBP, at

22% of patients, vs 34% reported in a study in FM patients

with higher daytime dosages (up to 40 mg) of CBP2.

Our study showed bedtime treatment with VLD CBP

provided benefit to FM patients by improving pain, tender-

ness, fatigue, mood, and sleep quality. Both the ACR28 and

OMERACT1,34 recognize pain as the key feature and pain

sensitivity or tenderness as another important feature.

Bedtime treatment with VLD CBP over 8 weeks improved

musculoskeletal pain recorded about 24 h after dosing.

Bedtime VLD CBP also improved tenderness measured by

pressure dolorimetry. Fatigue and depressive symptoms are

recognized as special treatment-outcome features of FM by

OMERACT. Bedtime VLD CBP improved fatigue recorded

about 24 h after dosing and also improved fatigue measured

by self-rated and clinician-rated change over the course of

the study. Bedtime VLD CBP improved mood measured by

the HAD scale and the HAD depression subscale. Subjects

who received placebo showed no significant improvement

in any of these measures. Together, these findings show that

bedtime treatment with VLD CBP provided benefit to

patients with FM by improving symptoms of pain, tender-

ness, fatigue, and depressed mood.

Another goal of FM therapies, according to OMERACT

consensus, is to improve sleep quality, because unrefreshing

sleep is a key feature of FM and also because treatments that

improve sleep quality are hypothesized to improve waking

symptoms of FM. Traditional physiological measures of

sleep quality showed bedtime VLD CBP treatment

improved sleep efficiency by decreasing total time awake

after sleep onset and increasing total sleep time. Placebo

treatment did not significantly change these sleep variables.

However, compared to placebo, VLD CBP treatment did not

significantly change total time awake, total sleep time, and

sleep efficiency, which may relate to the number of patients

studied. VLD CBP treatment decreased Stage 4 EEG

nonREM sleep and decreased REM, which is not consistent

with either increased Stage 4 or REM serving as surrogates

for refreshing sleep.

Unrefreshing sleep in FM may relate to an arousal dis-

turbance during EEG sleep, termed the a-EEG nonREM

anomaly24. The arousal disturbance in FM sleep has been

analyzed by periodic sleep EEG features, described as peri-

odic k-a and periodic bursts of polyphasic sleep EEG in

nonREM sleep. Subsequently these periodic sleep EEG phe-

nomena were classified as aspects of CAP35. Where these

periodic EEG activities show slow waves they are known as

CAPA1, which is a feature of stable EEG nonREM sleep. On

the other hand, CAPA2 and CAPA3 in nonREM sleep are
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Table 5. Effect of varying CAPA2+A3(Norm) threshold (from ≤ 10% to ≤

50%) on percentage of subjects improving CAP response by ≥ 1 night.

CAPA2+A3(Norm) Subjects

Response Improving ≥ 1 Night

Threshold, % VLD CBP, % Placebo, % p

10 56 28 0.0910

20 50 17 0.0339†

25 56 28 0.0910

30 72 33 0.0194†

33 72 33 0.0194†

40 78 61 0.2777

45 89 67 0.0880

50 89 67 0.1088

† p < 0.05. CAP: cyclic alternating pattern.

Table 6. Correlation of increased nights of CAPA2+A3(Norm) ≤ 33% with

VLD CBP improvements on FM symptoms and sleep EEG measures.

VLD CBP Placebo

CAPA2+A3(Norm) CAPA2+A3(Norm)

Correlation Correlation

Variable r p r p

Musculoskeletal pain 0.036 0.888 –0.091 0.719

Fatigue 0.617 0.006† –0.466 0.051

Dolorimetry 0.036 0.888 0.341 0.166

HAD score 0.505 0.033† –0.196 0.435

HAD depression subscore 0.556 0.017† –0.276 0.267

Patient-rated change in fatigue 0.614 0.007† –0.073 0.773

Clinician-rated change in fatigue 0.582 0.011† 0.288 0.247

Total time awake, h 0.072 0.777 –0.551 0.018†

Total sleep time, h 0.228 0.364 0.552 0.018†

Stage 1, % –0.036 0.413 0.206 0.413

Stage 2, % –0.012 0.963 –0.525 0.025†

Stage 3, % 0.179 0.477 0.160 0.526

Stage 4, % 0.072 0.777 0.161 0.524

REM, % –0.096 0.706 0.480 0.044†

Sleep efficiency, % –0.179 0.477 0.662 0.003†

† p ≤ 0.05. CAP: cyclic alternating pattern; HAD: Hospital Anxiety and

Depression Scale.
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considered features of unstable nonREM sleep, with CAPA3
showing greater physiological changes with associated

increased neuromotor and sympathetic autonomic activi-

ties26. While observer-rated measures of EEG sleep are sub-

ject to interobserver or interlaboratory variability, the com-

puterized Embla algorithm provides a more objective

method of quantification. EEG sleep studies show patients

with FM have increases in CAPA2 and CAPA3 in nonREM

sleep, which correlate with severity of symptoms of FM26.

In addition, treatment with gamma-hydroxybutyrate (GHB)

has been shown to reduce CAPA2 and CAPA3 and to

improve symptoms of FM36. Together, these findings sug-

gest that measuring CAPA2 and CAPA3 may be an improved

surrogate for the physiological measure of unrefreshing or

nonrestorative sleep in FM.

In our study, a-EEG sleep and periodic k-a episodes

were measured by observer-rating and CAP was measured

by the Embla algorithm. The a-nonREM sleep anomaly and

periodic k-a episodes were used at screening as inclusion

criteria and also used in the sleep EEG analysis for treat-

ment effects. Observer-rated a-EEG sleep and periodic k-a

were not significantly different between VLD CBP and

placebo-treated subjects (data not shown). The lack of a

response to CBP treatment in a-EEG sleep or periodic k-a

anomaly may relate to their imprecise rater measurements.

The periodic k-a could not be individually analyzed with the

Embla algorithm, since k-a is not isolated from the other fea-

tures of CAPA2 and CAPA3, which include EEG arousals, and

polyphasic bursts with > 20% to 50% and > 50% of EEG

desynchrony, respectively. In contrast, a threshold for nor-

malized CAPA2 + CAPA3 or CAPA2+A3(Norm) was found to be

informative for a potential treatment response since the per-

centage of patients with increased nights of CAPA2+A3(Norm)
≤ 33% or CAP response (ITT, LOCF) was 72% with VLD

CBP vs 33% with placebo (p = 0.019). The finding that

CAPA2+A3(Norm) ≤ 33% may be a relatively healthy

CAPA2+A3(Norm) value for patients with FM is consistent with

our analysis of previously published normative data26.

For those receiving VLD CBP, the increase in nights with

CAPA2+A3(Norm) ≤ 33% correlates to change from baseline

to Week 8 in fatigue, total HAD score, HAD depression

score, and self-rated and clinician-rated change in fatigue.

The correlation of nights with normal CAPA2+A3(Norm) and

improvement with FM symptoms is consistent with the

hypothesized effects of restorative sleep. The symptomatic

benefit may relate to decreasing arousal signals during

sleep. Together, these data show that the CAPA2+A3(Norm)

rate may provide a novel biomarker for assessing treatment

effects on nonrestorative sleep and associated subjective

somatic and mood symptoms in FM. However, improve-

ments in pain and tenderness did not appear significantly

correlated with increased nights with CAPA2+A3(Norm) ≤

33%. These findings will need to be studied in larger groups

to determine whether the symptomatic improvements in

pain and tenderness associated with VLD CBP treatment

result from effects of CBP that are independent from

improved sleep quality.

It is unclear how bedtime CBP exerted effects on various

symptoms. FM is a chronic pain condition of complex etiol-

ogy and pathogenesis. CBP is FDA-approved to treat mus-

cle spasm. While muscle spasm is not a symptom of FM, the

off-label use of CBP and several other muscle relaxants in

FM suggests that muscle relaxant activity is a proxy for 1 or

more activities relevant to treating FM symptoms. We

recently reported that CBP is a potent inhibitor of 5-HT2a

and the adrenergic a-2 receptors –A, –B, and –C37. Genetic

linkages have associated FM with genes encoding 5-HT2a

and adrenergic receptors38,39. In addition, ritanserin, anoth-

er 5-HT2a receptor inhibitor, provided benefit to the sleep

quality but not to pain or tenderness of patients with FM40.

Further work is needed to determine the extent to which

antagonism of 5-HT2a and  a-2 adrenergic receptors relates

to the observed effects of bedtime VLD CBP on FM sleep

physiology and symptoms.

Several observations suggest that 5-HT2a and a-2 adren-

ergic inhibitors may be useful in improving sleep in FM. For

example, 5-HT2a inhibitors have been associated with

improvements in sleep quality in non-FM patients40,41. The

inhibition of a-2 adrenergic receptor by CBP may help mod-

ulate a hypersympathetic state in patients with FM, and the

sympathetic nervous system has important effects on

sleep20,42. The effect of GHB on sleep, mood, and fatigue

may be related to inhibition of central nervous system sym-

pathetic neurotransmitter activities associated with arousal

disturbances during sleep36. The effect of CBP decreasing

CAPA2+A3 may be consistent with CBP’s a-2 antagonist

activity. As a corollary of such an effect, recent observations

show that clonidine, an a-2 agonist, increases CAPA3 in

patients with bruxism43. CAPA2 and CAPA3 are associated

with an increase in sympathetic activities, such as

event-related acceleration in heart rate and respiration dur-

ing sleep. Future studies will explore the effect of bedtime

CBP on heart rate variability and other measures that have

revealed the role of hypersympathetic tone in FM.

Potential mechanisms for how bedtime CBP may

improve FM symptoms are suggested by work on the sensa-

tion and regulation of pain in FM44. Comparisons of patients

with FM and healthy controls by functional magnetic reso-

nance imaging (fMRI) have correlated subjective pain

thresholds with regional blood flow in the insula, anterior

cingulate cortex, and the primary and secondary somatosen-

sory cortex44. Many observations link these regions to cen-

tral pain perception and the regulation of pain perception by

descending inhibition45,46. The response of FM patients rel-

ative to healthy controls to painful stimuli in fMRI regional

blood flow are believed to provide objective evidence of

heightened sensitivity to pain and deficiency in regulating

pain perception by descending inhibition44,47,48.
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These fMRI studies suggest several steps at which CBP

might correct processes that are abnormal or decompensat-

ed in FM. The descending inhibition of pain is known to be

influenced by serotonin and norepinephrine46. Serotonin is

thought to be directly involved in the central inhibition of

pain: 5-HT1a receptors are thought to be antinociceptive,

while 5-HT2a receptors are nociceptive. Consequently, as a

5-HT2a receptor inhibitor, CBP might be expected to

increase descending inhibition of pain. Moreover, 5-HT2a

receptors are upregulated with low-level tonic pain49, sup-

porting the idea that antagonism of 5-HT2a might stimulate

the pathway of descending inhibition in FM.

Although the mechanism by which bedtime VLD CBP

acts remains unclear, our study demonstrates the potential

for bedtime VLD CBP to relieve pain, reduce fatigue,

decrease tenderness, improve mood, and improve sleep

quality in patients with FM. CAPA2+A3(Norm) rate may pro-

vide a novel biomarker for assessing treatment effects on

nonrestorative sleep and associated subjective somatic and

mood symptoms in FM. Bedtime VLD CBP may have an

advantage of decreased drowsiness relative to higher day-

time doses. VLD CBP may have other advantages, since it

is expected to have less potential for drug interaction or

overdose, and may result in increased adherence as a result

of once-daily dosing. Further studies will elucidate the

extent to which CBP’s antagonism of 5-HT2a and a-2

adrenergic receptors relates to effects on FM symptoms and

sleep physiology.
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