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Abstract
In patients with fibromyalgia syndrome (FMS) and temporomandibular disorder (TMD), stress and
pain may chronically enhance sympathetic activity, altering cardiovascular responses and worsening
pain. This study examined cardiovascular, epinephrine (EPI), norepinephrine (NE), cortisol and
clinical pain responses in 54 female patients with these disorders and 34 controls. In a subsample of
10 FMS, 10 TMD patients and 16 controls, using a counterbalanced, double-blind, cross-over design,
the same responses were assessed after intravenous administration of low dose propranolol vs.
placebo. Testing included baseline, postural, speech and ischemic pain stressors. FMS patients
showed lesser heart rate (HR) increases to posture challenge but greater blood pressure (BP) increases
to postural and speech tasks than Controls, as well as higher overall BP and greater total vascular
resistance (TVR) than TMDs or Controls. TMDs showed higher overall cardiac output and lower
TVR than Controls. Both FMS and TMD groups showed lower baseline NE than Controls, and TMDs
showed lower overall EPI and NE levels. Group differences in HR, EPI and NE were abolished after
propranolol although BP, CO and TVR differences persisted. In both FMS and TMD, number of
painful body sites and ratings of total clinical pain obtained 4 times during each session were
significantly lower after beta-blockade vs. placebo.

Perspective—These findings support the hypothesis that both FMS and TMD may frequently
involve dysregulation of beta-adrenergic activity that contributes to altered cardiovascular and
catecholamine responses and to severity of clinical pain. Acute treatment with low dose propranolol
led to short-term improvement in all these domains.
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Introduction
Chronic musculoskeletal pain is a common and debilitating health problem, especially in
women. Temporomandibular disorders (TMD) involve persistent pain in the muscular regions
of the jaw, neck and head, and have the highest prevalence of all chronic orofacial pain

Correspondence to: Kathleen Light, Ph.D., Department of Anesthesiology, 3C444 School of Medicine, 30 North 1900 East, Salt Lake
City, Utah 84132-23041 Phone: (801) 583-2541 Fax: (801) 581-4367 Email: E-mail: Kathleen.C.Light@hsc.utah.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
J Pain. Author manuscript; available in PMC 2010 May 1.

Published in final edited form as:
J Pain. 2009 May ; 10(5): 542–552. doi:10.1016/j.jpain.2008.12.006.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



conditions, estimated at 10% worldwide.1,9,20,31 Fibromyalgia (FMS), characterized by more
widespread pain, has a prevalence rate estimated at from 2–5%,60 and shares many features
with TMD. First, for both FMS and TMD, 80%–90% of the sufferers are female.1,13,20,60
Second, threshold levels for both pressure pain and heat pain are significantly lower in FMS
and in TMD patients compared to controls, not only at standard tender points defining these
disorders but also at minimally symptomatic body sites.27,37,38,47 Third, both disorders are
thought to result from dysregulation of pain modulatory systems involving altered interactions
among the central (CNS) and peripheral nervous systems and the immune system 9,12,34,
47,56 Fourth, TMD and FMS disorders co-occur in up to 50% of cases.1,9,31

Several lines of evidence indicate that sympathetic nervous system (SNS) function is altered
in patients with FMS and TMD.21,45,46,49,55 In some FMS patients, this dysregulation
involves increased SNS drive at rest, together with deficient SNS-mediated responses to certain
challenges, such as postural change or exercise.25,49 Decreased heart rate (HR) variability at
baseline and during sleep indicates lesser parasympathetic and greater beta-adrenergic tone in
FMS patients vs. controls.14,49,55 During tests of orthostatic reflex responses, many FMS
patients demonstrate deficient HR and blood pressure (BP) responses.6,12,23 Decreased
plasma epinephrine (EPI) and norepinephrine (NE) responses to stressors such as exercise or
hypoglycemia as well as decreased NE metabolite in cerebrospinal fluid have been reported
in FMS patients.25,30,39,63 In TMD patients, de Abreu et al.17 reported lower ambulatory
BP than controls, and we15 observed lesser plasma NE increases to a speech stressor.

To address SNS dysregulation in FMS and TMD and its possible role influencing clinical pain,
our investigation included the following elements. First, the cardiovascular measures under
study included BP, HR and also impedance-derived measures of cardiac output (CO) and total
vascular resistance (TVR) at rest and during stressors. Second, we included plasma EPI and
NE as well as cortisol as blood-based biomarkers of SNS and hypothalamic-pituitary-adrenal
(HPA) activity. Third and most important, smaller subgroups of our FMS and TMD patients
and controls were retested in a double-blind, counterbalanced crossover design comparing
effects of a single low intravenous (i.v.) dose of the beta-adrenergic antagonist propranolol vs.
placebo on cardiovascular, neuroendocrine and clinical pain rating measures during baseline
and stressors. We hypothesized that pretreatment with propranolol, which antagonizes both
beta-1 and beta-2 adrenergic receptors, would reduce myalgic pain in patients with FMS and/
or TMD and would “normalize” catecholamine and cardiovascular responses to stress. We
further hypothesized that any reduction in pain after propranolol vs. placebo would be greater
in those FMS and TMD patients showing greater beta-adrenergic drive prior to treatment and
greater reduction in such drive after treatment, indexed by HR increase to a speech task.8,24,
42 Responses to an orthostatic challenge and to an experimental pain sensitivity task (arm
ischemia) were also compared.

Materials and Methods
Subjects

A total of 54 female patients including 29 with TMD only and 25 with FMS and 34 healthy,
pain-free controls aged 20–59 participated; the FMS group included 14 with FMS alone and
11 who met criteria for both FMS and TMD. Recruitment sources included dental and
rheumatology clinics at University of North Carolina and local advertising. Because more than
80% of patients presenting with TMD or FMS in our clinics are female, only women were
included in our study sample. As in the general clinical population, our FMS Patients were
significantly older (mean age [standard error or SE] = 46.4 [3.1] years) than the TMD Patients
(33.1 [3.8] years, P < .01). Because Controls were recruited to match both TMD and FMS
Patients, the mean age for Controls (40.6 [3.1] years) fell between those of TMD and FMS
Patients, and did not differ significantly from the combined patient group (39.4 [2.7] years).
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Of the 88 participants in the larger study, 10 TMD and 10 FMS Patients and 16 healthy Controls
completed a second substudy repeating the same stress testing protocol in two sessions
approximately one week apart (mean 7[1] days), once after pretreatment with i.v. propranolol
and once after pretreatment with i.v. saline placebo, in a double-blind, counterbalanced
crossover design. Mean age and body mass index of 8 Controls were matched to those of the
10 TMD Patients (32.7 vs. 31.3 years and 23.3 vs. 26.3 kg/m2, respectively) while the other 8
Controls were matched to the 10 FMS Patients (45.9 vs. 44.5 years and 27.8 vs. 28.1 kg/m2,
respectively). The dose of propranolol was deliberately chosen to be low (0.1 mg/kg) to
minimize any reduction in mean BP which might alter endogenous pain modulation occurring
via baroreceptor activity, thereby increasing rather than decreasing pain symptoms. 17,52

At an initial screening session, candidates for participation gave informed consent for this
protocol as approved by our institutional review board, and underwent a medical history and
physical examination to confirm their diagnoses. TMD Patients were required to meet the
research diagnostic criteria for TMD established by Dworkin et al.19 presenting either with
myofascial pain or with mixed myofascial pain and arthralgia for at least 3 months; patients
with only arthralgia were excluded. FMS Patients had to meet the 1990 criteria of the American
College of Rheumatology (widespread pain for more than 3 months, and pain with 4 kg/cm of
manual pressure reported for 11 or more of 18 tender points).54,61 Patients meeting criteria
for TMD who also met criteria for FMS were classified as FMS, the more generalized pain
condition, after preliminary analyses indicated that patients with both FMS and TMD vs. with
FMS alone did not differ reliably in any cardiovascular or neuroendocrine measure.

Volunteers also underwent a structured clinical psychiatric interview, and those meeting DSM
criteria for current depression or other psychiatric disorder were allowed to participate in the
larger study but were excluded from the propranolol substudy. Also, for the propranolol
substudy only, individuals currently taking any prescription medications were withdrawn from
them for 3 weeks under their physician’s guidance while use of over-the-counter pain
medications was terminated 48 hours prior to testing. These steps allowed us to examine effects
of beta blockade on FMS and TMD independent of confounding due to effects of clinical
depression or medications. It was recognized that this might make the subsample less
representative, but comparisons of subsample patients tested using the same protocol after
placebo vs. those tested in the larger and more representative original sample could verify
whether similar responses were obtained. Excluded from all testing were subjects on
antihypertensive or cardiovascular medications (including beta blockers), or with a history of
hypertension, coronary artery disease, neurological disorder, thyroid disease, diabetes mellitus,
recent substance abuse, pulmonary disease, bronchitis or asthma, kidney or liver disease or
glaucoma, or an ECG positive for serious cardiac arrhythmia. To minimize risk of hypotensive
responses to beta-blockade, two potential subjects with resting BP levels less than 95/60 mmHg
were excluded from the substudy.

Protocol
The protocol was essentially the same for the larger sample who did not receive any drug and
for the smaller crossover substudy comparing propranolol vs. placebo. Patients were instructed
not to consume caffeine on the day of testing and not to smoke within 2 hours before testing.
To control for diurnal variation, in the propranolol substudy, each subject completed both
sessions (lasting 3 hours) at the same time of day. First, each subject had an indwelling venous
catheter placed by the nurse for blood sampling and for delivery of the drug or placebo, and
was instrumented for BP measurement and impedance cardiography. A baseline 18 minute rest
period was then begun with the subject in a reclining chair in the seated position. In the
substudy, during the first 5 minutes of rest, drug infusion (either saline placebo or 0.1 mg/kg
propranolol; minimal dose = 5 mg) was carried out by a nurse. Neither the patient nor the
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experimenters were informed by the nurse on which day the drug vs. placebo was administered.
The subject was reclined and continued resting for the final 9 minutes of the 18-minute baseline.
Systolic BP (SBP), diastolic BP (DBP) and HR were obtained during minutes 1, 3, 5, 7, 9, 10,
12, 14, 16 and 18, after which the first blood sample for catecholamines and cortisol was drawn.
Following baseline, three laboratory stressors were administered—a postural challenge, a
speech task and ischemic forearm pain test—each of which was followed by an 8-minute rest
period.

Clinical pain ratings
After the baseline rest, subjects were then shown Margoles diagrams of the human head and
body 48 with which they had been familiarized during the screening session, and asked to circle
any sites in which they were currently feeling pain. They were then shown a visual analog scale
numbered from 0 (“NO PAIN AT ALL”) to 100 (“MOST INTENSE PAIN IMAGINABLE”)
and asked to rate their pain at each circled body site. Two clinical pain measures were derived
from these: 1) the number of pain sites and 2) the total of the pain ratings summed across all
pain sites. Pain measures were also recorded in this same way three more times in each session,
immediately after completion of each of the three stressors.

Postural challenge (Stand)
After 10 minutes of reclining, the subject moved rapidly to stand for 5 minutes. Cardiovascular
measures were obtained at minutes 1, 3 and 5 and the blood draw began after minute 1.

Speech
The subject was presented with a printed description of one of two hypothetical situations in
which she would be required to play a role: [A] on one day, defending a young teenager in an
argument against a verbally aggressive man who was wrongfully accusing him of causing a
traffic accident, or [B] on the other day defending a dog against a neighbor who wanted it put
to death for biting a teenager who had abused and teased it. Each accuser was played by an
actor who was presented to the subject on videotape. Analyses of data previously acquired
using these two versions of the task have shown that both elicit equivalent increases in BP, HR
and catecholamines.7,15 The two scenarios were counterbalanced across groups, and subjects
in the propranolol substudy were tested with a different scenario for each session to reduce
habituation. The task lasted 6 minutes: 1 minute to review the scenario and prepare, 2 minutes
to watch the videotape, and 3 minutes for active speech. Cardiovascular measures were
recorded during minutes 1 and 3 and the blood draw after minute 1 of active speech.

Ischemic task
A modified submaximal effort tourniquet procedure47 was used to evoke ischemic arm pain.
The BP cuff on the arm without the in-dwelling needle was replaced by another cuff positioned
above the elbow to make the arm ischemic; thus, no BP readings could be obtained during the
experimental pain task. This new cuff was inflated and maintained at 230 mmHg, after which
the subject’s arm was lowered to horizontal and a stopwatch was started. The subject squeezed
a hand-grip dynamometer at 1/3 of maximum grip force for 20 repetitions of 2 seconds duration
each, with an intersqueeze interval of 2 seconds. The subject was instructed to say “pain” when
it first became painful (time to pain onset) and to say “stop” when she could no longer tolerate
the pain (time to pain tolerance; maximum= 20 minutes). A blood draw was initiated 1 minute
into the task.

Blood sample analyses
Blood was centrifuged for plasma separation, then frozen at −80°C for later assay. Plasma NE
and EPI were determined using the high performance liquid chromatography (HPLC)

Light et al. Page 4

J Pain. Author manuscript; available in PMC 2010 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



technique. Serum cortisol was measured by radioimmunoassay using commercially available
kits (ICN Biomedical Inc). Blood samples were unable to be obtained in 3 control subjects due
to clotting in the catheter, and assay failure led to partial data loss in 8 other subjects (6 patients,
2 controls).

Cardiovascular assessment
The Suntech 4240 BP Monitor was used for collection of SBP, DBP and mean BP, using a
standard auscultation cuff placed on the arm not chosen for phlebotomy. Using a Hutcheson
Impedance Cardiogaph (Model HIC-1), stroke volume was estimated using the Kubicek
equation, HR was derived from the ECG, and our primary hemodynamic measures of cardiac
output (CO) and total vascular resistance (TVR) were then calculated from HR, stroke volume
and mean BP levels using standard formulas.8,42

Statistical Analyses
Due to non-normal (skewed) distributions, NE and EPI data were log transformed prior to
analysis, yielding the variables log NE and log EPI. Differences between the FMS, TMD and
Control groups (Diagnostic Groups) in cardiovascular, catecholamine, cortisol and clinical
pain measures were analyzed for each Event in the larger no-drug study (Baseline, Stand,
Speech, and Ischemic tasks) and the smaller propranolol substudy with repeated measures
analyses using SAS PROC MIXED (SAS Institutes, Raleigh NC). Preliminary analyses
incorporating age as a covariate showed that this factor was non-significant (P > .05) in all but
one analysis involving HR, and in no instances were significant findings altered after adjusting
for age differences; thus, final analyses excluded age. Specific group comparisons following
significant Diagnostic Groups X Event interactions were assessed by pairwise comparisons of
least squares means. Simple regression tests (Pearson correlations) were used to determine
relationships between the pain and the cardiovascular measures in the Patients; in particular,
we focused on correlations of pain and HR reactivity to the speech task as our best index of
cardiovascular sympathetic responsivity. Data are presented as group means + standard errors,
with alpha set at P < .05.

Results
Cardiovascular Responses

In the larger, more representative sample, repeated measures analyses of variance yielded main
effects of Diagnostic Group for SBP, DBP, CO and TVR, F’s (2,85) ≥ 3.96, P < .025, and
significant Diagnostic Group x Event interactions were obtained for SBP, DBP and HR, F’s
(6,238) ≥ 2.51, P< .05. No significant main effect involving HR was obtained (P > .65).
Subsequent group comparisons showed that FMS Patients had higher SBP and TVR levels
across all resting and stressor conditions than either TMD patients or Controls (see Table 1).
TMD Patients had higher overall CO and lower TVR levels than Controls as well as FMS
Patients, lower overall SBP and DBP levels than FMS Patients, and lower baseline DBP than
Controls. In terms of cardiovascular changes from baseline levels during Stand and Speech
tasks, FMS Patients showed lesser HR increases but greater SBP increases to Stand (3.9 vs.
12.1 bpm and 7.4 vs. 4.5 mmHg, P < .01 and .05) and also greater SBP increases to Speech
(23.8 vs. 17.1 mmHg, P < .025) than Controls.

Among the 36 subjects participating in the propranolol substudy, essentially all of the same
group differences described above were observed after placebo treatment (see Table 2).
Repeated measures analyses of variance again yielded main effects of Diagnostic Groups for
SBP, DBP, CO and TVR, F’s (2,33) ≥ 3.43, P< .05. Although effects were slightly less
definitive with the smaller cell sizes, after placebo the FMS group tended to have higher overall
TVR and SBP than the other two groups (P < .025 and P < .10 vs. TMDs and Controls
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respectively), as well as lesser HR increase to Stand (P< .10) and greater SBP increase to both
Stand and Speech tasks than Controls (P < .025). The TMD group again had higher overall
CO and lower TVR than the other two groups, lower BP levels than the FMS group, and lower
baseline and recovery DBP than Controls. After placebo, there were two new cardiovascular
findings in the subsample that were not seen in the larger sample: the TMD group showed
greater SBP increases to Stand than Controls (9.7 vs. 1.7 mmHg, P <.05), and the FMS group
had marginally higher overall DBP levels as well as SBP and TVR levels (P <.10, see Table
2) when only the latter two differed in the larger sample.

Surprisingly, most of these group differences in cardiovascular responses persisted after
propranolol. Although propranolol did lead to the expected significant decreases in SBP, HR
and CO and increases in TVR across all Events, these changes were generally quite similar in
all 3 groups. However, one normalizing effect was seen with propranolol: HR and SBP
responses to the postural task in the FMS Patients no longer differed from Controls. It should
be noted that with this low dose of propranolol, there was no reliable reduction in DBP, and
SBP decreases, while statistically significant, averaged only 3 mmHg.

Adrenal Responses
In the larger sample, main effects of Diagnostic Groups were obtained for both log NE and log
EPI, F’s (2,80), P ≥ 3.67, and a significant Diagnostic Groups x Event interaction was obtained
for log NE, F (6,212) ≥ 2.88, P < .025, while no significant effects were obtained for cortisol.
Based on subsequent least squares mean comparisons, TMD Patients showed lower log NE
and log EPI levels than Controls across all events (P < .01 and < .05, respectively; see Table
3). FMS Patients had lower baseline log NE levels than Controls (P < .05) but did not differ
significantly in NE levels during stressors or in EPI levels at any point. In the substudy after
placebo, these same group differences between TMDs and Controls were obtained, but here
the FMS group had lower log NE levels during Baseline and Stand than Controls (P < .05; see
Table 4 and Figures 1 and 2). After propranolol, these group differences were abolished due
to significant increases in log NE and log EPI levels in the FMS and TMD groups with no
reliable changes in the Control group.

As in the larger sample, cortisol levels did not differ reliably between the Patients vs. Controls
in the substudy during either session. However, propranolol did induce a slight but significant
increase in cortisol levels across all Groups and Events (P< .05; see Table 4).

Pain Responses
In the full sample, number of clinical pain sites and total pain across sites at Baseline were
higher in the FMS vs. TMD group, as expected, (means = 4.1 vs. 2.0 for pain sites, P< .05 and
136 vs. 50 for total pain scores, P < .001). Mean pain rating per pain site was slightly but not
significantly higher in the FMS vs. TMD groups (33 vs. 26). The same patterns were seen in
the propranolol substudy between the FMS and TMD groups for placebo session, although
pain sites and total pain levels at baseline on the placebo day tended to be slightly higher in
the subsample than in the full sample patient groups (compare values above to 4.7 and 2.7
mean pain sites and 160 and 83 mean total pain scores for FMS and TMD patients in the
substudy), probably because all substudy patients were tested after discontinuing all
medications. Based on a priori hypotheses, we performed additional analyses to determine
whether the total whole-body clinical pain at Baseline among all substudy Patients was related
to individual differences in either NE, EPI or to the magnitude of HR increase from Baseline
during this Speech task. Correlation analyses showed that Patients reporting greater total pain
at Baseline exhibited greater HR increases to Speech (r = +.55, P < .015). When subdivided
by diagnosis, this relationship was slightly stronger in the TMD group (r = +.82) than in the
FMS group (r = +.47). FMS Patients reporting greater pain at Baseline also had significantly
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lower Baseline log NE levels (r = −.44, P < .05). These relationships between greater baseline
pain and both greater HR reactivity and lower Baseline log NE were present in the propranolol
subsample of FMS Patients as well (r = +.66 and −.71 respectively, P< .05).

Experimental pain sensitivity was assessed as time to pain onset and time to pain tolerance in
the affected arm during the ischemic task. TMD Patients showed shorter times to ischemic arm
pain onset than the FMS or the Control groups (92 vs. 204 and 180 sec, P < .025). No group
differences in time to arm pain tolerance were seen. In Patients (but surprisingly not in
Controls), higher Baseline SBP and Baseline TVR were correlated with longer times to arm
pain threshold (r = +.67 and +.55, P < .01).

Effects of Beta-blockade on Pain Responses
To examine our hypothesis that low-dose propranolol may lead to decreases in clinical pain,
within-patient comparisons were made for clinical pain ratings obtained after Baseline, Stand,
Speech and Ischemic tasks on both test days. The number of painful body sites were fewer by
1.3 and 1.4 sites after propranolol vs. placebo (P < .05) for TMD and FMS groups respectively,
and the sum of pain severity ratings was lower in both groups after propranolol vs. placebo
summed across all events (P < .05; see Figure 3). Even the Control group (where a minority
of subjects reported some body pain in the placebo session) showed a non-significant tendency
to report less total pain during the propranolol vs. the placebo session. Across all groups and
both sessions, pain was lowest after the Speech, when BP levels were at their peak.

To provide a second test that the reduction in total whole-body clinical pain was linked to the
reduction in beta-adrenergic activity with propranolol, we once again examined relationships
involving HR reactivity to the Speech task. Patients with higher HR reactivity to Speech during
the Placebo session showed greater decreases in their total pain ratings after Beta-blockade (r
= +.52, P < .04). Also, those Patients showing greater reductions in Speech HR from the placebo
to the propranolol session showed greater reductions in total pain (r = + .57, P < .02).

In contrast to whole-body clinical pain reductions after propranolol, times to ischemic arm pain
onset and arm pain tolerance in our experimental pain sensitivity task were significantly shorter
after propranolol vs. after saline in FMS Patients only (192 vs. 81 sec and 388 vs. 196 sec, P
< .05). Experimental arm pain responses in Controls and TMD Patients did not differ
significantly after placebo vs. propranolol; however, after propranolol, both TMD and FMS
groups showed shorter times to arm pain onset than Controls (75 and 81 vs. 216 sec, P < .05).

Discussion
The present study provides new evidence confirming that adrenergic function is dysregulated
in females with FMS, TMD or both disorders. These patients showed lower plasma EPI and/
or NE levels than healthy women of similar ages, and the lower the NE level, the greater the
clinical whole-body pain. Hemodynamic patterns were altered in different ways in these
patients: FMS patients showed higher overall BP levels and greater BP increases to stress due
to greater vasoconstriction, whereas TMD patients showed heightened cardiac output with
lower BP and vascular resistance. Although these different hemodynamic patterns cannot be
definitively explained, we believe that the greater and more widespread pain in the FMS group
may be directly linked to their greater vasoconstriction and BP. The findings also provide initial
support for the interpretation that beta-blockade with low-dose propranolol may partially
normalize adrenergic dysregulation and temporarily reduce the clinical pain severity by 40%
in both FMS and TMD patients. Finally, our findings indicated important subgroup differences
in beta-adrenergic activity; those patients who showed greater adrenergic dysregulation
(indexed by greater HR reactivity and lower NE levels) had greater total whole-body pain after
placebo and greater pain reduction after propranolol.
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These findings reinforce earlier reports of adrenergic dysregulation in FMS.21,25,45,46,51,
55 In one such study, Adler and colleagues2 reported that FMS patients with lower EPI
response to hypoglycemia had the worst overall health status. Similarly, Thieme and Turk59
observed that greater clinical pain severity in FMS was correlated with higher DBP, an indirect
marker of vasoconstriction. To our knowledge, this is the first study to obtain evidence that
FMS patients have greater overall vasoconstriction (higher TVR) than healthy Controls. This
observation opens up several possibilities relevant to their chronic pain. One possibility is that
this excessive generalized vasoconstriction contributes to the pain by decreasing blood flow
to multiple affected body regions 34,45 (allowing build-up of metabolites and/or inflammatory
mediators). Baron et al.5 reported that enhancing vasoconstriction by whole-body cooling in
patients with complex regional pain syndrome (CRPS) augmented both spontaneous pain and
cutaneous sensitivity to mechanical stimuli. Another possibility is that the high TVR is
secondary to the FMS patients’ ongoing pain, since painful stimuli like the cold pressor test
are known to increase overall vasoconstriction.24,42 A third possibility is that this enhanced
TVR reflects an SNS imbalance where alpha-adrenergic (vasoconstrictive) predominate over
beta-2 adrenergic (vasodilatory) receptor activity. Several prior investigations have implicated
alpha-adrenergic activity in CRPS or other sympathetically maintained pain,5,11,33,53
(although none of these involved FMS patients, and the one microneurographic study in FMS
patients yielded negative findings 21). These three tentative explanations linking
vasoconstriction to pain in FMS are not mutually exclusive, but may all contribute.

New evidence suggests that there may be a genetic basis for the effects that we observed. In a
prospective study of TMD development, Diatchenko and colleagues18 have examined three
genetic variants (haplotypes) for the gene encoding catecholamine-O-methyltransferase
(COMT), an enzyme that catalyses the O-methylation of all catechol compounds including
dopamine, NE and EPI. They found that the haplotype linked to the lowest COMT activity was
associated with the highest pain sensitivity and with the greatest risk of developing TMD. Since
the main function of COMT in the CNS is the elimination of catechols, low COMT activity
could alter central adrenergic tone both to reset pain modulation at the central level and lead
peripherally to enhanced sympathetic drive on the heart and vessels, and thereby to possible
intramuscular hypoperfusion.26,45 Interestingly, COMT-knockout mice show no obvious
increases in catecholamines in the CNS or peripheral circulation, although their function is
abnormal.29,32 In our patients, the normalization of their low NE and EPI levels so rapidly
after a single dose of propranolol suggests that adrenal stores of catecholamines and their
precursors are probably normal, but that the patients’ enhanced SNS drive is in some way
inhibiting normal catecholamine release.26

One strength of this investigation is the incorporation of testing a larger, more representative
sample without propranolol together with the smaller double-blind, placebo-controlled cross-
over propranolol substudy. In this way, we confirmed that cardiovascular and catecholamine
responses showed similar dysregulation in the more representative sample as in the subsample
when tested after placebo. Although the sample size of 20 patients and 16 healthy participants
in the substudy is not large, each subject served as her own comparison so that uncontrolled
influences were minimized. Since all substudy patients were nondepressed and were tested
after being withdrawn from all medications, potential confounding effects of these important
factors were eliminated. A third strength is convergence of information from multiple measures
and manipulations. The effect of propranolol in reducing pain while abolishing abnormal
cardiovascular responses to postural change and returning plasma NE and EPI to levels similar
to those of the Control subjects provides the most definitive evidence that the alterations in
beta adrenergic function in these FMS and TMD patients is clinically significant. The
propranolol treatment also increased cortisol levels modestly, probably due to a reduction in
the negative feedback that normally exists between the adrenomedullary and HPA systems.
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Although cortisol levels were not significantly different from Controls in our FMS or TMD
patients, dysregulated HPA activity has been reported in other studies.16,36,51

The finding regarding the potential analgesic benefit of propranolol is limited by the protocol
itself. After a single dose of propranolol, we observed reductions in total clinical pain in both
the TMD and FMS groups for the entire 3 hour period that the subjects remained in the
laboratory, but have no further information in regard to how long effects lasted or whether they
would be maintained in a chronic treatment regimen. Low-dose propranolol has previously
been shown to be efficacious as prophylactic therapy for migraine headache, a disorder in
which vasomotor activity is a known trigger.22,44 Patients with FMS have been shown to have
abnormal vascular responses to stimuli, leading some authorities to postulate that deficient
intramuscular blood flow may play a triggering role in their myalgic pain.34,45 Our findings
on pain induced by arm ischemia indicated that sensitivity to this type of experimental pain
was enhanced after propranolol in FMS patients but not in TMD patients or Controls. We
suggest that this hyperalgesic effect only in the FMS group was due to altering the adrenergic
balance in favor of greater alpha- vs. beta-adrenergic activation, inducing higher
vasoconstriction and BP which may influence pain sensitivity through hypoperfusion or via
baroreceptor-mediated endogenous pain modulation.17,52 This observation also highlights the
importance of the decision to use a low dose of propranolol because higher doses might have
enhanced this type of hyperalgesic response, countering its beneficial effects on clinical pain.

The present findings encourage researchers to address the specific mechanisms through which
low-dose propranolol may reduce clinical pain. Recently, it was reported that propranolol and
other beta-adrenergic antagonists may cause analgesia by blocking tetrodotoxin (TTX)-
insensitive sodium (Na+) channels in sensory neurons, but this required doses much higher
than in the present study.10,58 One of the defining tests of sympathetically-maintained pain
syndromes is a positive response to the NE-evoked pain test, and another is that the pain is
attenuated by sympathetic blockade. Martinez-Lavin and colleagues49,50 have shown that
intramuscular NE injections induce greater pain than placebo injections in 80% of FMS patients
compared to only 30% of rheumatoid arthritis patients and 30% of controls. Attenuation of
muscle pain by propranolol has been indicated in two recent animal studies. In the rat TMD
model described by Rodrigues et al.57, hyperalgesia induced by injection of carrageenan
followed one hour later by 5-hydroxytryptamine was reduced by either localized injection of
propranolol or a selective beta-2 antagonist. In rats with chronic hyperalgesia from carageenan-
induced inflammation of the gastrocnemius muscle, Light and Levine41 observed that
intramuscular injection of even low doses of propranolol at 24 hours and 7 days after
carageenan reduces nociceptive sensitivity, measured as muscle withdrawal threshold to
pressure. Together with prior research by Khasar, Carter and Levine,35 these data strongly
suggest that one way in which propranolol is decreasing pain sensitivity is by acting on local
sensory receptors within the muscle. Specific types of sensory neurons involved may utilize
molecular receptors such as acid-sensing ASIC3 and purinergic P2X4 and P2X5 that work in
combination to detect increases in muscle metabolites, and may even include adrenergic
receptors themselves.40 Light, White and Light 43 recently reported that patients meeting
criteria for both FMS and chronic fatigue syndrome showed increases in ASIC3, P2X4 and
both alpha- and beta-adrenergic receptors on leukocytes persisting for 48 hours following
moderate exercise, while controls showed no increases in any of these receptors. Central effects
of propranolol may also be important, and deserve attention in future research. Pharmacologic
interventions which alter central sympathetic activity, including tricyclic antidepressants,
venlafaxine and pindolol, have led to improvement in symptoms in patients with FMS and
other pain syndromes.13,28,62 Two drugs that have shown convincing success in large
randomized placebo-controlled trials of FMS are duloxetine (which equally inhibits both NE-
and serotonin reuptake) and pregabalin (which reduces synaptic release of neurotransmitters
like NE, as well as glutamate and substance P).3,4
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Conclusions
These findings suggest that many FMS and TMD patients have dysregulated activity of the
SNS that may directly contribute to their clinical myalgic pain as well as to alterations in their
cardiovascular and catecholamine responses at rest and during stressors. Our results also
indicate that some aspects of this SNS dysregulation, including pain symptoms, can be
temporarily improved through use of low doses of the nonselective beta-antagonist,
propranolol. Future mechanistic research should include attention to both the local sensory
pathways and CNS actions of propranolol. Intervention research should consider using
pharmacological and/or behavioral strategies to normalize beta-adrenergic activity and thereby
potentially to reduce symptoms and improve quality of life in patients with TMD and FMS.
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Figure 1.
Log Norepinephrine (NE) levels in substudy TMD Patients and Controls (Con) after Placebo
(Plac) vs. after Propranolol (Prop). Plac TMD < Plac Con across all events (P < .05). Group
differences abolished after Prop.
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Figure 2.
Log Norepinephrine (NE) levels in substudy FMS Patients and Controls (Con) after Placebo
(Plac) vs. after Propranolol (Prop). Plac FMS < Plac Con at Baseline and Stand (P < .05). Group
differences abolished after Prop.
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Figure 3.
Ratings of Total Clinical Pain in FMS (F), TMD (T) and Control (C) Groups after Placebo
(Plac) vs. Propranolol (Prop). Plac F > Prop F and Plac T > Prop T, (P < .05).
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Table 3
Mean (± SE) Log Transformed Levels of Stress Hormones in Larger Sample
(n=88)

Baseline Stand Speech Ischemic

Log Epinephrine

 Control 2.50 (0.13) 2.83 (0.13) 3.22 (0.17) 2.97 (0.18)

 TMDa 2.25 (0.14) 2.55 (0.14) 3.48 (0.17) 3.00 (0.17)

 FMS 2.61 (0.16) 2.85 (0.16) 3.29 (0.20) 3.04 (0.22)

Log Norepinephrine

 Control 5.27 (0.09) 5.69 (0.07) 5.52 (0.08) 5.48 (0.07)

 TMDa 5.07 (0.09) 5.37 (0.09) 5.45 (0.09) 5.22 (0.07)

 FMS 5.07 (0.09)b 5.54 (0.07) 5.50 (0.07) 5.41 (0.07)

Log Cortisol

 Control 2.10 (0.12) 2.05 (0.13) 2.03 (0.13) 1.88 (0.14)

 TMD 2.12 (0.13) 2.03 (0.13) 1.94 (0.13) 1.96 (0.14)

 FMS 2.12 (0.13) 2.17 (0.14) 2.23 (0.14) 2.11 (0.15)

a
TMD group differs from Controls across all events (P< .05 for EPI and P < .01 for NE).

b
FMS group differs from Controls at Baseline only (P< .05).
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Table 4
Mean (± SE) Log Transformed Levels of Cortisol and Epinephrine After Placebo
vs. Propranolol in Subsample (n=36)

Baseline Stand Speech Ischemic

Log Epinephrine Placebo

 Control 3.00 (0.33) 3.37 (0.30) 3.78 (0.30) 3.33 (0.40)

 TMDa 2.13 (0.10) 2.27 (0.18) 3.17 (0.18) 2.70 (0.18)

 FMS 2.70 (0.28) 3.06 (0.28) 3.28 (0.38) 3.13 (0.33)

Log Epinephrine Propranolol

 Control 3.11 (0.30) 3.54 (0.29) 4.16 (0.28) 3.80 (0.30)

 TMD 2.64 (0.30) 3.40 (0.44) 4.00 (0.30) 3.22 (0.25)

 FMS 2.43 (0.20) 3.59 (0.54) 3.58 (0.31) 3.30 (0.26)

Log Cortisol Placebo

 Control 2.13 (0.18) 1.97 (0.17) 2.04 (0.17) 2.02 (0.16)

 TMD 1.74 (0.27) 1.57 (0.27) 1.64 (0.25) 1.66 (0.26)

 FMS 1.80 (0.18) 1.73 (0.21) 1.80 (0.22) 1.78 (0.22)

Log Cortisol Propranolol

 Control 2.18 (0.18) 2.34 (0.15) 2.31 (0.15) 2.32 (0.15)

 TMD 1.94 (0.29) 1.70 (0.22) 1.81 (0.21) 2.09 (0.17)

 FMS 1.94 (0.23) 2.09 (0.17) 2.23 (0.17) 2.13 (0.24)

a
TMD group differs from Controls across all events only under Placebo condition (P < .05).
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