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A B STRA CT ~ The fibromyalgia sy n d rome (FMS) is the most frequent cause of ch ro n i c ,
w i d e s p re ad pain. This rev i ew, w h i ch is ta r ge ted at the psy ch i a try and psy ch o p h a rm ac o l-
o gy communities, s u m m a rizes the sta te - o f - t h e - a rt as it rel a tes to both the pathophysiol-
o gy and treatment of F M S . To w a rd this end, the anatomy and physiology of p a i n
pathways are summarized, followed by a review of the altered biology of pain processing,
neurotransmitter function, and neuroendocrine systems in FMS. The categories of current
drugs employed to treat the disorder are detailed, along with a critical review of the liter-
ature supporting such use. Ps ych o ph a rm a c o l o gy Bull e t i n . 2 0 0 7 ; 4 0 ( 4 ) : 2 4 - 6 7 .

INTRODUCTION

The fibromyalgia syndrome (FMS) is the most frequent cause of chronic, wide-
spread pain, with estimates of world-wide prevalence ranging from 0.5 to 5.0%.1,2

FMS is second only to osteoarthritis (OA) as the most common diagnosis among
patients seen in rheumatology offices, and it is diagnosed approximately 4 times
more frequently in women than in men. There are presently no diagnostic tests
for fibromyalgia. Rather, the accepted diagnostic criteria require that spontaneous
pain be present for over 3 months duration along the spine and in all four quad-
rants of the body, and pain upon digital palpation must be elicited at 11 out of 18
“tender points” (Figure 1).3 It should be appreciated that a number of treatable
and/or life-threatening conditions may present with symptoms that resemble
those of FMS, and these obviously need to be excluded before a definitive diag-
nosis is made.4

Patients with FMS display quantitative abnormalities in pain perception under
experimental conditions, in the form of both allodynia—perceiving pain even
from a non-painful stimulus, such as light touch—and hyperalgesia—an augmen-
tation of pain processing in which a painful stimulus is magnified and perceived
with higher intensity than it would be by a normal volunteer.5–10 These data are
suggestive of a state of sensitized pain perception in FMS.8,11 In theory, such a
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state can conceptually result from widespread changes within the target
organs (i.e., skin, muscles, etc.), from alterations in nociceptive process-
ing within the central nervous system, or some combination of both
processes. Indeed, some early theories of FMS pathophysiology posited
that FMS pain was a result of peripheral abnormalities, particularly
alterations in skeletal muscle.12 However, more recent studies have
generally failed to confirm the presence of such alterations,12–15 though
it is recognized that peripheral insults may play a role in instigating
or maintaining FMS.11,16 On the other hand, several lines of inquiry
support the role of altered central pain processing (ie, “central sensitiza-
tion”) as underlying the pain of FMS, as will be discussed in detail
below.

Though not reflected in the diagnostic criteria, FMS patients typical-
ly present with a number of symptoms beyond pain. Fatigue is cited as
a significant cause of morbidity for the vast majority of FMS patients.17

FIGURE 1

FIBROMYALGIA TENDER POINTS
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Subjective sleep disturbances, particularly in the form of nonrestorative
sleep, are reported to occur in over three-quarters of FMS patients.18 A
majority of patients complain of difficulties with concentration and
memory, a situation that has been termed “fibro fog.”19 Approximately
20–40% of individuals with FMS have an identifiable current mood
disorder such as depression or anxiety disorder at the time of diagnosis,
with a lifetime incidence as high as 70%.20–23 Taken on the whole, FMS
can result in severe disability, comparable to that seen in other rheu-
matic diseases such as OA or rheumatoid arthritis, despite the absence
of “objective” findings.24,25

FMS has been included as one of the so-called “unexplained clinical
conditions”26,27 or “functional somatic syndromes”28,29 that are character-
ized more by symptoms, suffering, and disability than by consistent tis-
sue abnormality. As such, there have been suggestions that FMS and
other related syndromes may represent a form of somatization disor-
der.30 Nonetheless, FMS is treated today primarily within the medical
model. It is most often diagnosed in the primary care setting and almost
half of the office visits are to internal medicine and family practitioners
1998 National Ambulatory Medical Care Survey.31 Rheumatologists are
the leading specialty group seeing FMS patients, representing 16% of
office visits. The remainder of office visits are to a variety of tertiary care
providers, including pain centers, physical medicine specialists, and
psychiatrists.

FMS remains a controversial diagnosis almost 15 years after the
establishment of the diagnostic criteria. Some authors express concern
that placing the label of FMS on these individuals promotes helpless-
ness and disability.32–34 Others focus on the legal and social consequences
of identifying FMS as a disorder that can be caused by certain exposures
(eg, motor vehicle accidents), thus promoting litigation.35 Others ques-
tion the validity of the criteria for diagnosis, especially the requirement
for a certain number of tender points.36,37

Overview
This paper is intended as follow-up to a previous review by the same

authors,38 detailing some of the changes in the FMS landscape that have
occurred in the intervening 2 years. Overall, FMS has attracted a great
deal of attention recently, both within the lay and scientific press. The
overall validity of FMS as a therapeutic indication has been augmented
by the FDA’s recognition of the significant unmet medical need that
FMS represents.39,40 This need has also lead to interest in FMS on the
part of pharmaceutical companies; indeed, the results of several rela-
tively large, well-controlled industry-sponsored clinical trials have
recently been published and will be detailed below.
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Like the predecessor publica t i on , the pri m a ry goal of the current art i cl e
is to provide a summary of the state-of-the art pertaining to FMS, w i t h
p s ych i a t rists as the target audience, focusing pri m a ri ly its pathophys i o l o-
gy and current therapeutic option s . H i s t o ri ca lly, pain has not been the
typ i cal purv i ew of psych i a t ri s t s , despite the fact that a re l a t i on s h i p
b e tween pain and affe c t i ve disorders has been known to exist for som e
t i m e .4 1 H ow eve r, this con n e c t i on has come under increasing scru t i ny
l a t e ly.442,43 Of particular re l evance to the practicing psych i a t rist is the find-
ing that over 50% of patients that are ultimately diagnosed with depre s-
s i on present initially on ly with a somatic sym p t om s .4 4 Fu rt h e rm o re, t h e
inadequate treatment of pain makes the task of treating com o rbid depre s-
s i on mu ch more ch a ll e n g i n g.4 5 C onve r s e ly, it should be noted that cogni-
t i ve behavioral therapy has been used successfully in some patients with
FMS and other related ch ronic pain con d i t i on s , even in the absence of an
ove rt affe c t i ve disord e r.2 7 , 4 6 – 4 8

The body of the review will be divided into three parts: First, as FMS
is a clinical demonstration of the existing links between pain sensation,
the stress response, and mood, we briefly describe the neuroanatomy,
pharmacology, and connectivity of the relevant pathways. Second, we
review the neurochemical and neuroendocrinological differences that
exist in FMS patients and compare these observations to other condi-
tions where appropriate. Finally, we summarize the literature on the
effectiveness of drugs in treating FMS and will try, where possible, to
tie the empirical findings back to both normal physiology and FMS
pathophysiology.

PAIN PATHWAYS: REVIEW

It has been recognized for some time that nociception is not a passive,
uni-directional process;49 rather, there is a complex interaction between
ascending and descending pathways with the ability to dramatically
alter the relationship between stimulus and response (see Figure 2).50

Nociceptive input from the periphery is relayed via peripheral afferent
fibers (PAF) to the dorsal horn of the spinal cord. After significant local
processing, signals are sent to higher centers, and these impulses form
the basis for pain perc e p t i on . The two major descending pain-modulating
systems employ the neurotransmitters serotonin (5-HT) and norepi-
nephrine (NE), and originate from the rostral ventromedial medulla
(RVM) and the dorsolateral pontine catecholamine cell groups (DLP),
re s p e c t i ve ly. At the level of the spinal cord , the pro j e c t i ons from the RV M
appear to have both pro- and anti-nociceptive effects, while the pontine
projections appear to be mainly anti-nociceptive. These two systems are
tightly interconnected,51 and their respective anti-nociceptive effects
appear to be additive under some circumstances.52
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As shown in Figure 3, the main excitatory transmitter from the PAF
to the dorsal horn neuron is glutamate (Glu) acting at several postsy-
naptic receptors, including those of the NMDA variety. In addition,
neurokinins including substance P (SP), calcitonin gene related peptide
(CGRP) and neurokinin A (NKA) are co-localized with Glu. The
descending pathways from the RVM and DLP carrying 5-HT and NE,
respectively, modulate the activity of the PAF terminals. For example,
NE acting at _2 receptors can inhibit the PAF terminal and cause a
reduction in glutamate and SP release, and a similar effect can be
observed with activation of mu opioid receptors located on the PAF ter-
minals. Conversely, 5-HT acting at 5-HT3 receptors can increase the
release of these neurotransmitters. Finally, increasing local 5-HT con-
centrations or a 2 mediated neurotransmission within the RVM itself
has been shown to be anti-nociceptive.53–54

The dorsal horn neuron is also subject to NE, 5-HT, and opiate input,
acting respectively at _2, 5-HT1A, and mu opioid receptors. Note that
all of these receptors are predominantly inhibitory, and while 5-HT has
excitatory effects on the PAF terminals, it can inhibit the dorsal horn
both directly (via 5-HT1A activation) or indirectly (through activation
of a GABAergic interneuron).

FIGURE 2

THE ASCENDING AND DESCENDING PAIN PATHWAYS
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Chronic Pain: Changes in Nociceptive Processing
Over the past decade, it has been recognized that chronic pain is quite

d i f fe rent from acute pain, cl i n i ca lly and ph a rm a c o l o g i ca lly.5 5 A s
described below, a number of alterations occurring both within the cen-
tral nervous system and at the periphery may contribute to the chronic
pain state. One can envision that disabling one or more anti-nocicep-
tive pathways or augmenting a pro-nociceptive pathway can lead to a
state of central sensitization. “Wind-up” is an example of tthis phe-
nomenon which occurs at the PAF-dorsal horn neuron synapse. The
term refers to a specific pattern of augmentation in the response to a
dorsal horn neuron that results from tonic, peripheral nociceptive input.
Such augmentation is thought to underlie certain components of allo-
dynia and hyperalgesia.56–58 A number of studies suggest that NMDA
and NK1 receptor activation represents critical steps in initiating “wind-
up” and related phenomena in dorsal horn neurons.56,59–66

The descending systems may also play a role in central sensitiza t i on .
For example, recent studies have demon s t rated that reduced spinal NE
o u t f l ow from the DLP results in a ch ronic hyp e ralgesic state in labora-
t o ry animals.6 6 L i k ew i s e,a significant body of re s e a rch has implicated the
RVM in maintaining the hyp e ralgesic state. For example, i n a c t i v a t i on of

FIGURE 3

THE DORSAL HORN
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the RVM (by lesion , i n j e c t i on of lidoca i n e, or spinal tra n s e c t i on) ca n
reverse the all o d ynia and hyp e ralgesia seen in animal models of ch ron i c
p a i n .6 7 Fu rt h e r, the applica t i on of ch o l e cys t okinin (CCK-B) re c e p t o r
a n t a gonists reverses the mech a n i cal all o d ynia seen in animal models of
ch ronic neuropathic pain.6 8 Fi n a lly, in addition to its role within the dor-
sal horn in initiating wind-up, d i rect injection of NMDA antagon i s t s
into the RVM reverses the hyp e ralgesia present in seve ral ch ronic pain
p a ra d i g m s ,7 0 – 7 1 suggesting that NMDA receptors at the level of the RV M
m ay also play a role in maintaining a hyp e ralgesic state.

LABORATORY FINDINGS IN FMS PATIENTS

Like many psychiatric diseases, the study of FMS is hampered today
by the lack of well-validated animal models that can serve as proxies for
study of the human condition, although it should be noted that signif-
icant strides are being made toward this end.72–73 Nonetheless, based on
an understanding of normal physiology, and armed with clues from
similar diseases in humans, much insight can be gained from monitor-
ing the status of biochemical pathways or physiological processes that
may be affected by the disease process. A focus on the former, such as
measurement of a neurotransmitter level in cerebrospinal fluid (CSF),
facilitates the design of experiments that are relatively simple and easy
to control, with the outcome potentially providing a target for drug dis-
covery. However, the result from any single analysis may be difficult to
interpret, as it may represent only one piece of a complex and dynamic
puzzle at a single point in time. In contrast, tests of physiological func-
tion, such as brain imaging or sleep monitoring, provide a more inte-
grative perspective. However, the data obtained may be of less practical
use for the discovery or development of pharmaceutical compounds.

While there are hundreds of papers in the literature attempting to
identify quantifiable, objective, and meaningful biological differences in
FMS patients, many are designed as “pilot” studies lacking sufficient
power or controls to be conclusive. Therefore, we will limit our focus in
this review to findings that have achieved a critical mass of published
data and which may be of interest to the psychiatric community. On the
biochemical side, we will summarize the changes in neurotransmitter
function and neuroendocrine status in FMS patients. Thereafter, we
will review the data garnered in more “functional” assays, including
sleep lab and brain imaging analyses.

Neurotransmitter Function in FMS
Many of the assays developed in previous efforts to dissect the role

and relationships of various neurotransmitter systems in human psychi-
atric disease have been employed toward the study of FMS. While
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various publications have examined the potential roles of a number of
neurotransmitters in FMS,74–76 most is known about alterations in 5-HT
and SP in affected patients. In summary, the available data suggest a
potential decrease in serotonergic activity in FMS patients and support
an increase in SP as associated with the disease.

Changes in 5-HT
Evidence for involvement of 5-HT in FMS has been reviewed recent-

ly by Alnigenis and Barland.77 Many of the symptoms of FMS can be
hypothesized as being related to alterations in central serotonergic neu-
rotransmission. The relevance of descending serotonergic pathways to
ch ronic pain was elucidated in the previous section . H ow eve r,
serotonin may also mediate the fatigue that is a frequent complaint of
patients with FMS through a number of different mechanisms, includ-
ing the role that 5-HT plays in regulating the hypothalamic-pituitary-
adrenal axis.78 Sleep disturbances reported by the majority of FMS
patients may also implicate 5-HT due to its central role in the regula-
tion of sleep-wake cycles. (Indeed, 5-HT was the first neurotransmitter
hypothesized to be involved in FMS for precisely this reason).79,80

Finally, the frequent comorbidity of psychiatric conditions such as
d e p re s s i on in FMS patients further supports a disturbance in
monoamine function.881,82

To confirm an abnormality in 5-HT mediated neurotransmission,
levels of 5-HT itself, its precursor tryptophan, and its metabolites 5-
HTP and 5-HIAA, have all been measured in various compartments
from FMS patients. As only 1–2% of the body’s 5-HT is found in the
brain (with the rest derived from platelets, mast cells, and enterochro-
maffin cells of the gastrointestinal tract), the most consistent results of
alterations of 5-HT function in FMS are derived from sampling CSF.
While 5-HT levels were not measured directly, both Houvenagel et al.
and Russell et al. reported decreased levels of 5-HIAA in the CSF of
FMS patients versus controls.83,84 In the former case, controls included
patients with lower back pain, as well as pain-free subjects, with signif-
icant separation in both cases. No correlation between degree of pain
and 5-HT levels in FMS patients was documented. While a more re c e n t
study by Legangneux et al. was only able to replicate this difference in
CSF 5-HIAA levels in female FMS patients versus controls, the small
number of male subjects within the study precludes drawing any defin-
itive conclusion.85

Seve ral studies have examined peri ph e ral 5-HT levels and most studies
find lower levels of 5-HT in the serum of FMS patients as com p a red to
n o rmal con t ro l s . In one re p o rt , the serum and platelet 5-HT levels were
d e m on s t rated to corre l a t e .7 6 A significant inverse corre l a t i on betw e e n
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s e rum 5-HT level and the number of tender points in FMS patients was
noted by Hryca j, who com p a red FMS patients with RA patients and nor-
mal con t ro l s .8 6 Si m i l a rly, E rnberg et al. found lower serum 5-HT levels in
FMS patients than in RA patients.8 7 T h ey speculated that the low e r
s e rum 5-HT levels were the result of increased platelet activation in FMS
p a t i e n t s , leading to release of 5-HT into the plasma fra c t i on of the blood,
w h e re u p on some of the 5-HT is sequestered by binding to nociceptors.
I n d e e d , t h ey found that a high plasma-to-serum 5-HT ratio was associ-
ated with orofacial pain and anxiety in FMS patients. H ow eve r, this re s u l t
and explanation is in conflict with the recent findings of Le g a n g n e u x
e t a l . , who re p o rted higher levels of 5-HT in FMS samples versus con-
t ro l s , despite using platelet ri ch plasma (PRP) as the source for assay.8 5

The studies described above pri m a ri ly examined the steady-state
aspects of 5-HT metabolism in FMS patients. A recent study focused on
the dynamic aspects of 5-HT metabolism in FMS via the tryp t o ph a n
d e p l e t i on (TD) para d i g m .8 8 , 8 9 A total of 17 FMS patients and 17 con-
t rols were examined in this double-blind, ra n d om i zed cro s s - over study
( i e, TD vs . s h a m -T D ) . E l even patients were antidepressant free for a
p e riod of more than one ye a r; the remaining six patients were washed off
of antidepressants for 7 days (note that this wash off dura t i on may be
c on s i d e red inadequate for a vari e ty of com m on ly used agents, i n cl u d i n g
a m i t ri p tyline and fluoxe t i n e ) . At three diffe rent time points after the
actual or sham TD pro c e d u re, blood con c e n t ra t i ons of 5-HI A A , t ryp t o-
ph a n , and kyn u renine were assessed in both patients and con t ro l s . I n
a d d i t i on , patients were asked to rate their pain via a 10cm visual analog
s ca l e . At baseline, no significant diffe rences were found in 5-HIAA lev-
els between patients and con t ro l s . In con t ro l s , these levels decreased sig-
n i f i ca n t ly (44% of baseline) as a result of T D. H ow eve r, in patients, tw o
distinct re s p onses were noted. E l even patients showed decreased 5-
HIAA (60.7% of baseline), like the con t ro l s . H ow eve r, in six patients, 5 -
HIAA levels increased by 203.6%, suggesting that at least a subgroup of
patients have altered 5-HT pro c e s s i n g. This altered 5-HT pro c e s s i n g
was not reflected in pain scores and was not a function of age, a n t i d e-
p ressant use, or any other parameter that was measure d .

The lack of consistency in measurement of compounds related to 5-
HT in body fluids is not surprising, since such variability has been
observed when attempting to document reduced 5-HT in depression as
well, even within the CSF.90 In fact, the selective 5-HT reuptake
inhibitors (SSRIs), which increase 5-HT centrally, lead to decreased
CSF 5-HIAA, presumably because increased 5-HT within synaptic
cleft resulted in feedback inhibition.91 Based on analyses of post-
mortem samples of suicide victims, it has been suggested that CSF 5-
HIAA is most reflective of 5-HT activity in the prefrontal.92
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In con t rast to CSF 5-HIAA leve l s , the measurement of reduced 5-HT
uptake by platelets has proven to be a consistent marker for melanch o l i c
d e p re s s i on as, to a lesser extent, has the measurement of 5-HT tra n s-
p o rter binding.8 1 , 9 3 H ow eve r, the experience to date in FMS patients has
not been quite as satisfyi n g. We have not found any published studies
examining platelet 5-HT uptake in FMS patients, while mu l t i p l e
attempts to identify changes within the 5-HT tra n s p o rter by measure-
ment of platelet [3H] imipramine or [3H] paroxetine binding have yi e l d-
ed conflicting re s u l t s , ranging from higher,7 5 to low e r,9 4 to the same,8 5 , 9 5 a s
c on t ro l s . A genetic study in FMS patients has demon s t rated a possible
a s s o c i a t i on of the syn d rome with a polym o rphism in the 5-HT tra n s-
p o rter gene re g u l a t o ry re g i on .9 6 Sp e c i f i ca lly, FMS patients in this study
had a significa n t ly higher distri b u t i on of the S/S genotype (hom o zy go t-
ic “s h o rt all e l e, ” c onsisting of a 44-basepair insert i on in the tra n s c ri p-
t i onal re g i on of the 5-HT tra n s p o rter gene), w h i ch is associated with
d e c reased 5-HT tra n s p o rter messenger RNA tra n s c ri p t i on and
d e c reased 5-HT uptake ca p a c i ty in vitro. These patients also had high-
er mean levels of depre s s i on and psych o l o g i cal distress than the con t ro l s .

In summary, at best, the body of published data is suggestive of a dys-
re g u l a t i on of 5-HT metabolism in a subset of patients with FMS.
H ow eve r, the assays perf o rmed of 5-HT levels and/or its precursors and
m e t a b o l i t e s , as well as platelet [3H] imipramine or paroxetine binding
( re p resenting 5-HT reuptake sites), a re often variable in their re p o rt e d
results despite the fact the diffe rent labora t o ries were using similar tech-
n i q u e s . While it may ve ry well be possible in some cases to re c oncile som e
of the discre p a n c i e s , the analogy to depre s s i on (which prompted mu ch of
this work to begin with) does not provide mu ch com f o rt of this being the
most pro d u c t i ve avenue of re s e a rch . Sp e c i f i ca lly, while the mon o a m i n e
hypothesis of depre s s i on was suggested over thirty years ago—and despite
an extra o rd i n a ry amount of effort and re s o u rces devoted tow a rd coll e c t-
ing data to establish a direct link between neuro t ransmitter dys re g u l a t i on
and depre s s i on—the goal remains elusive . In hindsight, g i ven the com-
p l e x i ty of the cl i n i cal pre s e n t a t i on of depre s s i on and the possible affe c t s
on neuro t ransmitter circ u i t ry, it is not surp rising that even if a discre t e
n e u ro t ransmitter defect were to exist, it may ve ry well be masked when
m e a s u red sys t e m i ca lly. A r g u a b ly, since depre s s i on may appear as on ly on e
of multiple sym p t oms within the FMS com p l e x , the task of sorting out
cause and effect within a single neuro t ransmitter system may prove eve n
m o re formidable than in the depre s s i on experi e n c e .

Changes in SP
SP is an 11 amino acid neuropeptide thought to be involved in noci-

ception.97,98 It is often co-localized with glutamate in both small, thinly
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myelinated A_ and nonmyelinated C-fiber afferents terminating in the
dorsal horn of the spinal cord. Direct application of SP to dorsal horn
sensory neurons causes slow and prolonged excitation similar to the
response elicited by noxious stimuli. It has been suggested that SP acts
as a neuromodulator via the NK1 receptor, sensitizing the neurons to
the effects of other excitatory neurotransmitters.99 Because of its pre-
sumed role in pain transmission, multiple studies have attempted to
document changes of SP in chronic pain states.

In contrast to the 5-HT results, the differences described for SP in
FMS have been reproduced by multiple groups. While SP levels in
serum and urine of FMS have been reported as normal,73 levels of SP
in the CNS have been found to be consistently high in four different
studies.76,100–102 In all of the above, the SP elevation in CSF was two- to
three-fold than that of normals, with little overlap between the values
of the two groups.

H ow eve r, the significance of these results and their re l a t i onship to FMS
p a t h o phys i o l o gy remains uncl e a r. Ru s s e ll suggests that a trend exists
t ow a rd corre l a t i on of CSF SP levels and pain seve ri ty in FMS patients ove r
t i m e .7 4 The source of the increased SP levels is unknow n . While it would
be anticipated that CSF SP would deri ve pri m a ri ly from diffusion of neu-
ropeptides released by affe rent nerve fibers into the dorsal horn ,1 0 3 n o
i n c rease in lumbar-level CSF SP could be induced by noxious pre s s u re on
the lower body tender points, w h i ch would be expected to stimulate the pri-
m a ry affe re n t s .7 6 This result is inconsistent with extensive animal work that
d e m on s t rates release of SP into the dorsal horn in re s p onse to nox i o u s
s t i mu l i ,1 0 4 – 1 0 6 and there f o re bears re p e t i t i on . Si g n i f i cant con c e n t ra t i on of
both SP and NK1 receptors are found in other areas of the bra i n , i n cl u d i n g
the stri a t u m , h i p p o ca m p u s , ra phe nucl e u s , and the lateral nucleus of the
hyp o t h a l a mu s .1 0 7 H ow eve r, it is difficult to attri b u t e, d i re c t ly or indire c t ly,
the increased CSF levels of SP to increased supraspinal leve l s .1 0 8 – 1 1 0

It is of interest that while high CSF levels of SP have been reported
in trigeminal neuralgia110 and chronic daily headache,112 other chronic
pain states, including low back pain and painful diabetic neuropathy, are
accompanied by low levels of CSF SP and/or monoamines including 
5-HT.113–115 Clearly, proposing a one-fit model, such as “wind-up,” to all
chronic pain disorders is too simplistic to explain the full complement
of data collected to date. Nevertheless, as the single most concrete neu-
rochemical difference identified to this point in FMS patients, the high
CSF concentrations of SP must be taken into account in any future
investigation of mechanisms underlying FMS. Moreover, the potential
inverse relationship between 5-HT and SP should be explored further.
In this regard, Schwarz et al. reported a clearer result in serum, where,
despite normal levels of SP and 5-HT, a strong negative correlation
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could be documented between SP and the 5-HT precursor and
metabolite, tryptophan and 5-HIAA, respectively.116 Furthermore, in
these experiments, high serum 5-HIAA and tryptophan levels showed
a significant relation to low pain scores while high 5-HIAA levels were
related to good sleep quality and high SP levels to sleep disturbance.

Neuroendocrine Changes
A variety of neuroendocrine alterations have been proposed to under-

lie the pathophysiology of FMS.38 The rationale behind such proposals
is that certain endocrinological conditions—particularly hypocorti-
solemia, hypothyroidism, and growth hormone (GH) deficiency—have
symptoms that strongly resemble those of FMS. While these conditions
are generally characterized by hypothalamic hypoactivation, FMS may
also be framed as a stress-related disorder. Conceptually, such a state
should be associated with hypercortisolemia due to increased hypothal-
amic-pituitary adrenal axis activation. Several excellent reviews specifi-
cally addressing neuroendocrinological perturbations in FMS have
recently been published,117–119 as summarized below.

It is widely accepted that the hyp o t h a l a m i c - p i t u i t a ry adrenal (HPA )
axis serves as the link between a stre s s o r, s u ch as pain, and the individual’s
e n d o c ri n e, a u t on om i c , and behavioral re s p on s e .1 2 0 C l a s s i ca lly, the HPA
axis is re g a rded as a system pro g rammed to react to changes in the env i-
ronment by producing ch e m i cal messengers that mediate phys i o l o g i ca l
changes to maintain hom e o s t a s i s .1 1 9 , 1 2 1 H ow eve r, recent evidence com p l i-
cates this simple model by suggesting genetic influences, e nv i ron m e n t a l
factors early in life, and exposure to ch ronic stress can perm a n e n t ly affe c t
the HPA axis and predispose to the deve l o pment of disease.1 2 2 Wh i l e
mu ch of this work has been done in the context of understanding the
c on t ri b u t i on of these changes to the pathophys i o l o gy of affe c t i ve disor-
d e r s ,1 2 1 , 1 2 2 – 1 2 4 similar mechanisms may be opera t i ve in FMS.1 2 5

The key mediator in the HPA ca s cade is cort i c o t ro ph i n - releasing fac-
tor (CRF), a neuropeptide produced in the para ve n t ricular hyp o t h a l a-
mus in re s p onse to phys i cal or psych o l o g i cal stre s s . CRF in turn
s t i mulates the release of cort i c o t ropin (ACTH) from anterior pituitary
c e ll s , p rompting the secre t i on of glucocorticoids from the adrenal gland
to elicit adaptive re a c t i ons to the perc e i ved thre a t , s u ch as incre a s i n g
blood glucose leve l s .1 1 9 , 1 2 5 CRF can also exe rt secon d a ry inhibitory effe c t s
on growth horm one and thyro i d - s t i mulating horm one (TSH) by
i n c reasing the secre t i on of somatostatin from hypothalamic and cort i ca l
n e u ron s1 2 6 and inhibiting hypothalamic LHRH re l e a s e .1 2 7 Si mu l t a n e o u s
to activation of the HPA axis, an organism will react to stress with a
“fight or flight” re s p onse mediated by the auton omic nervous system and
resulting in physiologic changes such as tachyca rdia and hyp e rt e n s i on .

PS Y C H O P H A R M A C O L O G Y BU L L E T I N: Vol. 40 · No. 4

UNDERSTANDING THE FIBROMYALGIA SYNDROME

35
Ra o , G e n d re au ,
and Kra n z l er

PB-40-4-03-RAO  1/23/08  10:01 AM  Page 35



H PA axis function can be experi m e n t a lly assessed through two bro a d
s t ra t e g i e s : assessment of basal function in the absence of specific stre s s o r s
and assessment of dynamic re s p on s i ve n e s s . Ove ra ll basal HPA axis func-
t i on has been investigated in FMS patients through seve ral appro a ch e s .
Of note, two studies dire c t ly measuring serum cortisol leve l s , s a m p l e d
eve ry 10–20 minutes over 24–40 hours, revealed no diffe rences in the
phase or amplitudes of cortisol release rhythms between FMS patients
and con t ro l s .1 2 8 – 1 2 9 Fu rt h e r, m e a s u rements of 24-hour uri n a ry - f ree cort i s o l
( reflecting integrated 24-hour serum cortisol levels) suggest low to nor-
mal cortisol levels in patients vs . c on t ro l s .1 3 0 – 1 3 4

The dynamic re s p on s i veness of the HPA axis in FMS has been
assessed using seve ral diffe rent types of stressors including exe rc i s e,
hyp o g lyc e m i a , I L - 6 , and exogenous AC T H .1 1 8 The exe rcise studies have
been difficult to interp ret with diffe rent studies implying low, n o rm a l ,
o r high HPA axis activity in FMS patients. On the other hand, t h e
studies utilizing hyp o g lycemia and IL-6 as stressors suggest an impaire d
a b i l i ty to increase ACTH (though normal cortisol re s p onse) in FMS
p a t i e n t s .1 3 0 , 1 3 5 Fu rt h e rm o re, a blunted cortisol re s p onse and exaggera t e d
ACTH re s p onse to CRF ch a llenge has been noted.1 3 3 , 1 3 6 , 1 3 7

Two other neuro e n d o c rine systems—the hypothalamic-GH axis and
the auton omic nervous system—also deserve mention . A number of stud-
ies have examined both GH and insulin-like growth factor 1 (IGF-1)
d ynamics in FMS patients. IGF-1 is a factor produced in the live r, p ri m a-
ri ly in re s p onse to GH secre t i on ; t h u s , its con c e n t ra t i on serves as a prox y
for GH re l e a s e . In genera l , data support the notion that at least a subset of
FMS patients have subnormal GH secre t i on .1 1 8 H ow eve r, results from a
recent study suggest that mu ch of the quantitative diffe rences in GH and
IGF-1 levels between FMS patients and con t rols seen in previous studies
m ay be the result of obesity in the FMS population .1 3 8 Fi n a lly, the auto-
n omic nervous system of FMS patients is ch a ra c t e ri zed by increased sym-
pathetic and decreased para s ympathetic ton e, as evidenced by exaggera t e d
changes in blood pre s s u re and heart rate with postural ch a n g e .139 T h e re is
d i s a g re e m e n t , h ow eve r, as to the interp re t a t i on of these findings.

In summary, one interpretation of these data is that FMS is charac-
terized by HPA axis hypoactivation as a result of decreased CRF
release. If this hypothesis is true, one can further speculate that the
paucity of CRF may contribute to the hyperalgesia in FMS, via CRF’s
known antinociceptive effects.140 The dysautonomia in FMS is attrib-
uted in this model to lack of stimulatory input by CRF neurons to cen-
tral control nuclei (A1, A2, A6) within the dorsolateral pons (DLP; see
Figure 2) of the sympathetic nervous system141 resulting in relative
hypovolemia and exaggerated NE response. Further control of CRF
neurons is via stimulatory 5-HT containing neurons projecting from
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the midbrain raphe,78 stimulatory NE containing neurons from the
locus ceruleus,142 and inhibitory SP containing central neurons.143

Therefore, it is tempting to link the hypocortisolism model of FMS to
reduced central 5-HT and/or NE, or increased central SP, consistent
with Russell’s earlier work cited above. Likewise, the observed hypoac-
tivity of the growth hormone (GH) axis in FMS can be attributed to
low levels of growth hormone-releasing hormone, that, due to dimin-
ished direct stimulation by NE containing neurons, must counterbal-
ance and overcome the tendency of lower levels of CRF to increase
somatomedin release.135 Whether the characteristic hormonal profile of
FMS is involved in the pathophysiology of the disease or is a reflection
of the patient’s symptoms remains to be determined.

Alterations in Sleep 
In addition to pain and fatigue, subjective sleep complaints—particu-

larly nonrestorative sleep—is a common problem in FMS reported to
occur in over three-quarters of patients.18,144–146 Furthermore, formal
sleep electroencephalography has demonstrated a number of abnormal-
ities in the sleep architecture of FMS patients including: prolonged
sleep latency; low sleep efficiency; a reduction in slow-wave sleep
(SWS); an increase in alpha (stage 1) sleep; and an increased number of
awakenings.146–150 A fairly common finding in FMS patients is the pres-
ence of so-called “alpha-delta” sleep abnormalities—the presence of
alpha waves during SWS—which appear to correlate with increased
vigilance.146,151–153 Other associated sleep problems seen commonly in
FMS patients include periodic limb movements and sleep apnea.147,154–155

Sleep abnormalities are, of course, not specific to FMS; they are also
seen in other chronic pain conditions148,156 and in depression.157 In fact,
it has been shown that sleep deprivation in normal individuals can result
in a myalgic syndrome that resembles FMS.158–161 This finding has led to
the hypothesis that sleep abnormalities may play a causal role in FMS
pathophysiology.158,161–162

The initiation and re g u l a t i on of the sleep state is quite com p l i ca t e d ,
with a number of mid-brain and pontine sero t on e r g i c , N E , and ch o l i n-
ergic nuclei playing a ro l e .1 6 1 T h u s , it comes as no surp rise that agents
that affect neurons within these nuclei or neuro t ransmitter sys t e m s
m ay also have profound effects upon sleep. Su ch agents include anti-
d e p re s s a n t s , b e n zo d i a ze p i n e s , and γ-OH butyra t e ; agents which aug-
ment SWS may be part i c u l a rly beneficial.1 5 7 , 1 6 3 As discussed elsew h e re,
a ll three classes of agents have been tested with varying degrees of suc-
cess in FMS. H ow eve r, studies correlating drug therapeutic effe c t s
with altera t i ons in sleep arch i t e c t u re have been limited and, so far,
i n c on cl u s i ve .1 6 4
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Neuroimaging Studies
Several studies have utilized functional imaging to investigate abnor-

malities in CNS function in FMS patients.5,10,87,165,166 Two of these5,87 used
single-photon emission tomography (SPECT) imaging, and one used
positron emission tomography (PET).166 Both of these techniques are
similar, employing radioactive tracers to measure regional cerebral blood
flow (rCBF) in brain areas of interest. The main difference, at the cur-
rent state of technology, is that PET uses radioactive tracers with a
shorter half-life than SPECT, thus resulting in improved temporal
resolution.167 In contrast, Gracely et al. utilized functional magnetic
resonance imaging (fMRI), a technique that directly tracks local
changes in blood flow (through changes in water molecule density).7,168

Of the three techniques, fMRI has the highest spatial and temporal
resolution.168

A study by Mountz et al. found bilateral hyp o p e rf u s i on of the thalamu s
and head of the caudate nucleus in ten women with FMS as com p a red to
s even age and educa t i on - m a t ched con t ro l s .5 C on c e rns with this study
( b eyond the small size) were the medica t i on status and the psych o l o g i ca l
state of the patients. Based on self re p o rt s , patients discontinued their
m e d i ca t i ons 4 days prior to the initiation of the study. H ow eve r, t h e
s e rum half-lives of some of the medica t i on s — i n cluding fluoxetine and
a m i t ri p tyline are measured in days ;5 , 1 6 9 t h u s , s i g n i f i cant serum levels of
s u ch medica t i ons were likely present in some patients at the time of their
s ca n s . M o re significa n t , h ow eve r, was the fact that the patient population
a p p e a red significa n t ly more depressed and/or anxious (per the Center for
E p i d e m i o l o g i cal Studies Depre s s i on Scale (CES-D) and the Tra i t
An x i e ty Inve n t o ry (TA I ) , re s p e c t i ve ly) than the con t ro l s .

Some of these concerns are addressed in a more recent SPECT
study87 aimed at confirming and extending the results of Mountz.
This effort evaluated a total of 17 patients and 22 controls (all women).
At the time of the study, ten of the FMS patients were taking anti-
d e p re s s a n t s , b e n zo d i a ze p i n e s , and/or narc o t i c s . The remaining 
7 patients were not taking any medications within these classes at the
time of the study. Once again, however, the FMS patients were signifi-
cantly more depressed and/or anxious than were their control counter-
parts. The results confirmed that rCBF in FMS patients is abnormal;
however, statistically significant changes were only found in the right
thalamus (the reductions in rCBF seen in the left thalamus did not
reach statistical significance). Further, these authors were unable to con-
firm the bilateral changes in the heads of the caudate nuclei, as found
previously by Mountz et al. Finally, additional abnormalities in the infe-
rior pontine tegmentum were noted. The results for patients not taking
medications were similar, although less significant; though it is not clear
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whether this reduction in significance is a result of differences in neu-
ropharmacology or due to smaller sample sizes.

Taken together, these studies suggest that FMS patients may to have
reduced rCBF in one or both thalami. Studies in other forms of chron-
ic pain have also found decreases in thalamic rCBF, and these changes
may reverse when the pain is alleviated.170–173 One concern with both
studies is their lack of control for comorbid depression and anxiety.
Patients with such conditions, but without FMS, also show abnormali-
ties in regional cerebral blood flow (rCBF), although the overall pat-
terns appear different than those found in the two studies described
above.174,175 Finally, the possibility of rCBF abnormalities in the inferior
pontine tegmentum is tantalizing, as a number of nuclei with descend-
ing inhibitory effects on nociception are located in and around this
region, as described above (Figure 2).

Of particular interest from a pathophysiological perspective is the
work of Gracely et al. who used the fMRI imaging modality to investi-
gate differences in cortical activation between 16 FMS patients and 16
controls while they underwent pressure-pain testing (thumb-nail pres-
sure).7 Each FMS subject had an fMRI performed while subjected to
“moderately painful” pressure as defined by the Gracely Scale.176 The
control subjects were scanned under two conditions: (a) the “stimulus
pressure control” condition and (b) the “subjective pain control” condi-
tion. The former referred to testing the controls with the same level of
mechanical pressure as the FMS patients, while the latter involved
scanning the controls when they, like the FMS patients, reported mod-
erate pain. It was found that the levels of cortical activation seen in
FMS patients and the controls under the “subjective pain control” con-
dition were similar. However, fMRI scans of control subjects under the
“stimulus pressure control” condition showed no significant activation.
These results are strongly supportive of alterations in the threshold and
gain of the nociceptive system in FMS patients and are consistent with
a model of central sensitization. Note that while data regarding the
effects of psychological state on fMRI results were not presented, this is
less of a concern in fMRI than in PET or SPECT scans, as a change
from baseline within the same patient is being measured.

CLINICAL PHARMACOLOGY OF FMS
At the time the preceding rev i ew was wri t t e n , the vast majori ty of pub-

lished results from ra n d om i ze d , c on t ro lled studies in FMS examined the
use of tri cyclic antidepre s s a n t s ; other therapeutic appro a ches genera lly
had re l a t i ve ly limited data to support their usage.3 8 Fu rt h e r, a large per-
centage of the existing cl i n i cal data was deri ved from re l a t i ve ly small
s t u d i e s , o ften with high dropout and placebo re s p onse ra t e s .1 7 7 , 1 7 8 T h e s e
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t rials tended to be of short dura t i on with ve ry limited inform a t i on
re g a rding the lon g - t e rm effica cy of any of the agents. As descri b e d
b e l ow, recent trials have addressed a number of these cri t i c i s m s .

Other issues still remain, however. While the 1990 ACR criteria for
the classification of FMS have helped standardize the identification of
patients appropriate for entry into clinical trials,3,179 the group remains
extremely diverse and heterogeneous. The issue of co-morbid depres-
sion and its impact on patients’ responses to therapeutic interventions is
also critical in the design of FMS trials, as will be expanded upon below.
Standard practice has been to exclude patients with “severe” psychiatric
illness from clinical trials, by incorporating cut-off criteria when using
standard psychometric instruments such as the Hamilton Rating Scale
for Depre s s i on (HAM-D), the Mon t gom e ry-Asberg Depre s s i on
Rating Scale (MADRS), or the Beck Depression Inventory (BDI) as
prescreening tools.1180–184 However, a great deal more information is
required before the complex inter-relationships between depression,
pain, and other symptoms of FMS can be ascertained.

The FMS Pharmacopeia
A wide variety of approaches—both pharmacological and nonphar-

macological—have been applied, with varying degrees of success,
towards the treatment of the symptoms of FMS. At the present time,
the management of fibromyalgia patients involves a complex interplay
between the pharmacological management of pain and associated
symptoms and the use of non-pharmacological modalities. As the elim-
ination of all FMS symptoms is not currently possible (ie, a cure), the
ph i l o s o phy of management is sym p t om pall i a t i on and function a l
restoration. The presentation of fibromyalgia symptomatology is high-
ly variable and each patient must have an individualized evaluation
before deciding upon an initial treatment plan.185 Regular follow-up and
modification of the initial management strategy is usually required,
depending upon the patient’s response.

Pharmacological Treatment Strategies
Several recent publications have reviewed the current state of FMS

therapy; the data from randomized, double-blind, placebo- or active-
controlled trials are summarized in Table 1.178,186–192 In this section, we
have chosen to briefly review a number of the many agents that have
been employed to treat FMS. A drug was included in the summary if it
met one or more of the following criteria:

1. A large quantity of clinical data in FMS patients exists, eg TCAs,
SSRIs, DRIs, pregabalin, and 5HT3 receptor antagonists.
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2. The clinical investigation of the drug has been based on solid pre-
clinical scientific data, eg, NK1 antagonists, NMDA antagonists,
and GH.

3. The drugs have other psychiatric indications, eg, “mood stabiliz-
ers” or anti-epileptic drugs (AEDs), atypical anti-depressants,
anxiolytics, hypnotics, and α2 adrenergic agonists, acting as anti-
spasticity agents, such as clonidine and tizanidine.

FIBROMYALGIA PHARMACOTHERAPY: SUMMARY OF RANDOMIZED,
CONTROLLED TRIALS

TREATING FIBROMYALGIA SYMPTOMS1

CLASS COMPOUND(S) PHARMACOLOGY PAIN SLEEP FATIGUE MOOD

Tricyclic Amitriptyline 5-HT/NE uptake blocker 1 1 1 1/2
antidepressants Clomipramine Cation channel blocker

Doxepin NMDA antagonist
Anticholinergic
Antihistaminergic

5-HT uptake Fluoxetine 5-HT uptake blocker 1/2 1 1/2 1

inhibitors Citalopram 5-HT uptake blocker 2 2 2 1

Sertaline 5-HT uptake blocker 1 1 1

Paroxetine 5-HT uptake blocker 1 1 2 1

Dual uptake Venlafaxine 5-HT . NE uptake blocker 2 2 2 2

inhibitors Milnacipran NE . 5-HT uptake blocker 1 2 1 1

NMDA antagonist
Duloxetine 5-HT . NE uptake blocker 1 2 1

MAO inhibitors Moclobemide Reversible, MAO-A Inhibitor 2 2 2 2

Pirlindole Reversible, MAO-A Inhibitor 1 1 1 1

NSAIDs Ibuprofen Nonspecific COX inhibitor 2 2 2 2

Naproxen
Antiepileptics Pregabalin Ca11 channel blocker 1 1 1

Se d a t i ve / hypn o t i c s Zopiclone BZ receptor agonist 2 1 2 2

Zolpidem
g-OH-butyrate unknown 1 1 1

Muscle relaxants Cyclobenzaprine 5-HT2 Antagonist 1 1 1/2 1/2
Anticholinergic
Antihistaminergic

Opiates Morphine (IV) Mu opiate receptor agonist 2

Tramadol Mu agonist 1 2 1

5-HT/NE uptake blocker
Other Tropisetron 5-HT3 Antagonist 1 1 1 1

Ketamine NMDA Antagonist 1

Dextromethorphan
CJ-119794 NK1 Antagonist 2 2 2

Growth Hormone Growth Hormone 1 1 1

1 1 5 beneficial; 2 5 no benefit or detrimental; blank 5 not tested.

Rao, Gendreau, and Kranzler. Psychopharmacology Bulletin. Vol. 40. No. 4. 2007.

TABLE 1
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Some of these drugs can be supported as primary therapy. Others may
have an adjuvant role addressing symptoms other than pain and impor-
tant in the overall management of these patients.

Antidepressants
The majority of FMS clinical trials have involved antidepressants of

one class or another, as is evident from Table 1. Trials studying the old-
est class of agents, tricyclic antidepressants are abundant, though most
recent studies have focused on selective serotonin reuptake inhibitors
and “atypical antidepressants”—a class that includes dual reuptake
inhibitors and monoamine oxidase inhibitors. Despite the multiplicity
of antidepressant classes, practically all of the agents currently in clini-
cal use either directly or indirectly increase neurotransmission mediat-
ed by the monoamine neurotransmitters, particularly serotonin (5-HT)
and/or norepinephrine (NE; also called noradrenaline).193 These activi-
ties are thought to underlie the antidepressant activity of these com-
pounds, though the exact mechanism by which this occurs is unknown.
These pharmacological activities also appear to be an important mech-
anism by which antidepressant compounds effect centrally-mediated
analgesia.193

Excepting TCAs, current classification schemes have tended to segre-
gate agents based on their in vitro effects upon 5-HT and NE re-uptake
activity. As shown in Table 2, specific agents within a given class vary
significantly in terms of their relative actions on the reuptake of these
two monoamines or upon binding to their respective transporters.194–199

Note, however, that the effects of these agents in vivo may differ signif-
icantly from those observed in vitro. For example, despite its low affin-
ity for the NE transporter, venlafaxine has been shown to have in vivo
effects consistent with NE reuptake blockade, particularly at higher
doses.200–202 Conversely, despite the marked difference in relative affini-
ties for the NE and 5-HT transporters that paroxetine displays in vitro,
recent data suggests that this agent may possess dual reuptake inhibito-
ry activity in vivo at clinically relevant doses.203

Tricyclic Antidepressants (TCAs)
TCAs—particularly amitriptyline and doxepin—are widely employed

in the treatment of FMS and other ch ronic pain con d i t i on s .
(Cyclobenzaprine is also widely used in the treatment of FMS and is
structurally very similar to amitriptyline. However, cyclobenzaprine is
typically classified as a muscle relaxant rather than an antidepressant
and will be discussed below.)186–188 Multiple studies support the use of
TCAs for the treatment of FMS. Members of this class have fre q u e n t ly
been used as the positive controls to which newer agents have been
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c om p a re d .2 0 4 – 2 0 8 The results from TCA trials in FMS have been
compiled and analyzed in two meta-analyses by Arnold et al.176 and
O’Malley et al.188 In essence, the authors both conclude that TCAs
provide “moderate” improvement in FMS, with the greatest impact on
measurements of sleep, overall well-being, and pain severity. More
specifically, Arnold et al. report significant clinical response to TCAs
was observed in 25–37% of patients, whereas O’Malley et al. report
patients receiving TCAs “four times as likely” to report overall improve-
ment (compared to placebo) and experience moderate reductions in
individual symptoms.

COMPARISON OF IN VITRO MONOAMINE UPTAKE INHIBITORY ACTIVITY OR
TRANSPORTER BINDING

SELECTIVITY

NE 5-HT RATIO

CLASS AGENT (NM) (NM) TYPE OF DATA (NE:5-HT) REFERENCE

TCA Amitriptyline 19 2.8 Ki*, transporter binding 7:1 Owens, M., et al., 1997
35 4.3 KD, transporter binding 8:1 Tatsumi, M., et al., 1997
24 39 IC50, uptake inhibition 1:1.6 Hyttel, J., 1994
63 67 Ki, uptake inhibition 1:1.1 Vaishnavi, S.N., (In Press)

Nortriptyline 1.8 15 Ki*, transporter binding 1:8 Owens, M., et al., 1997
4.37 18 KD, transporter binding 1:4 Tatsumi, M., et al., 1997
3.4 570 IC50, uptake inhibition 1:168 Hyttel, J., 1994

Maprotiline 11.1 5800 KD, transporter binding 1:523 Tatsumi, M., et al., 1997
Doxepin 29.5 68 KD, transporter binding 1:2.3 Tatsumi, M., et al., 1997
Dothiepin 46 8.6 KD, transporter binding 5.3:1 Tatsumi, M., et al., 1997
Imipramine 20 1.3 Ki*, transporter binding 15:1 Owens, M., et al., 1997

37 1.4 KD, transporter binding 26:1 Tatsumi, M., et al., 1997
SSRI Fluoxetine 777 0.9 Ki*, transporter binding 863:1 Owens, M., et al., 1997

240 0.81 KD, transporter binding 296:1 Tatsumi, M., et al., 1997
Citalopram 7865 1.5 Ki*, transporter binding 5243:1 Owens, M., et al., 1997

4070 1.16 KD, transporter binding 3509:1 Tatsumi, M., et al., 1997
Paroxetine 85 0.065 Ki*, transporter binding 1307:1 Owens, M., et al., 1997

40 0.13 KD, transporter binding 308:1 Tatsumi, M., et al., 1997
Sertraline 817 0.15 Ki*, transporter binding 5447:1 Owens, M., et al., 1997

420 0.29 KD, transporter binding 1448:1 Tatsumi, M., et al., 1997
DRI Milnacipran 4.3 14 IC50, uptake inhibition 1:3.3 Rao, S.G., 2002

68 151 Ki, uptake inhibition 1:2.2 Vaishnavi, S.N., (In Press)
100 203 IC50, uptake inhibition 1:2 Moret, C., et al., 1985

Duloxetine 3.45 0.8 IC50, uptake inhibition 4.3:1 Rao, S.G., 2002
20 3.7 Ki, uptake inhibition 5.4:1 Vaishnavi, S.N., (In Press)

Venlafaxine 2269 7.5 Ki*, transporter binding 300:1 Owens, M., et al., 1997
1060 8.9 KD, transporter binding 120:1 Tatsumi, M., et al., 1997
1420 145 Ki, uptake inhibition 9.8:1 Vaishnavi, S.N., (In Press)
1260 74 Ki#, transporter binding 17:1 Beique, J., et al., 1998

*compared to [3H]citalopram or [3H]nisoxetine in HEK-293 cells transfected with human SERT or
NET.
#compared to [3H]cyanoimipramine and [3H]nisoxetin in rat brain membranes.

Rao, Gendreau, and Kranzler. Psychopharmacology Bulletin. Vol. 40. No. 4. 2007.
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Ph a rm a c o l o g i ca lly, most TCAs block the reuptake of both 5-HT
and/or NE, with varying degrees of re l a t i ve activities (Table 2).
H ow eve r, a m i t ri p tyl i n e, n o rt ri p tyl i n e, and dexopin all pre fe re n t i a lly
b l o ck the reuptake of NE with greater potency than that of 5-HT, w i t h
s e l e c t i v i ty ratios (re l a t i ve ability to block NE versus 5-HT uptake)
ranging from 1.1 for amitri p tyline to 168 for nort ri p tyl i n e .
Am i t ri p tyline (with a half-life of 12–36 hours) is metabolized pri m a-
ri ly to nort ri p tyline (with a half-life of 22–88 hours),1 6 9 f u rther adding
to the NE bias of amitri p tyline especially at the lower dosages which
h a ve been histori ca lly used to treat ch ronic pain. The general effica cy
of TCAs in treating the pain of FMS, t h e re f o re, can be interp reted to
s u p p o rt the pri m a cy of NE agonism for analgesic activity. B eyon d
i n c reasing NE and 5-HT leve l s , TCAs have other important ph a rm a-
cologic pro p e rt i e s , i n cluding dopamine reuptake inhibition , N M DA
a n t a gon i s m , and ion - channel blocking activity.2 0 9 – 2 1 6 T h e re f o re, t h e re is
ove rlap between the mechanisms of action of the tri cyclics and other
a g e n t s , s u ch as anti-epileptic agents (ie, i on - channel block a d e ) . TCA s
a d d i t i onal anti-ch o l i n e r g i c , a n t i - h i s t a m i n e r g i c , and a-adre n e r g i c
receptor blockade activities impart a wide assortment of undesira b l e
side effe c t s , w h i ch often com p romise the tolera b i l i ty and cl i n i ca l
acceptance of this cl a s s .2 1 7

Somewhat ironically, the data supporting the use of TCAs in treating
depressed mood in the context of FMS or other pain states is limited,
perhaps as a result of most trials evaluatng sub-antidepressant doses of
TCAs.38,187 In most forms of major depressive disorder, however, the
efficacy and remission rates of TCAs are equal or superior to those of
other classes of agents, an effect hypothesized to result from their
effects on both the serotonergic and noradrenergic systems.218

Although the anti-depressant activity of these agents may con t ribute to
the efficiency seen in certain patients, their role as centra lly-acting anal-
gesics appears to be more cri t i ca l . This premise is supported by re s u l t s
f rom trials of various SSRI s , w h i ch , in genera l , do not appear to be as
e f fe c t i ve analgesics as TCAs even at anti-depressant doses (see below ) .

Selective Serotonin Reuptake Inhibitors (SSRIs)
SSRIs have revolutionized the field of psychiatry, providing safe and

effective treatment of common psychiatric conditions including major
depressive disorder, anxiety, and social phobia. Much of their success is
a t t ributable to the fact that SSRIs display improved tolera b i l i ty
compared to TCAs, a result of their much higher degree of pharmaco-
logical specificity. As implied by their name, SSRIs primarily inhibit the
reuptake of 5-HT, and they typically lack the extra-monoaminergic
activities which characterize TCAs. The SSRIs fluoxetine, citalopram,
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sertraline, and paroxetine have each been evaluated in randomized,
placebo-controlled trials in FMS.219,220 The results of these trials have
been somewhat inconsistent, leaving some debate regarding the relative
efficacy of the SSRIs, especially in comparison to TCAs. Two studies
have demonstrated positive efficacy for fluoxetine when compared to
either placebo or amitriptyline in treating sleep, pain, fatigue, and
depression.205,219 However, a third study failed to demonstrate any sig-
nificant improvement in pain, although mild improvements were noted
in sleep and depression.221 Two placebo-controlled trials of citalopram
have been performed; the first was convincingly negative, with citalo-
pram failing to demonstrate any improvements in pain, fatigue, sleep, or
mood.222 The second study demonstrated that citalopram significantly
improved mood, though other outcome measures did not improve sig-
nificantly.223 One study comparing sertraline to amitriptyline demon-
s t rated that the two compounds were equivalent in pro d u c i n g
significant improvements in pain, sleep, and fatigue. 224 Finally, a study
comparing paroxetine to amitripty line concluded that, while both
improved the symptoms of pain, sleep, and depression, amitriptyline
had a larger, more robust effect.220 Further, amitriptyline was beneficial
for fatigue whereas paroxetine did not improve this symptom. Taken
together, SSRIs appear to be effective in treating certain FMS symp-
toms, particularly mood. However, their effect sizes on pain, sleep, and
fatigue appear to be less robust in comparison to amitriptyline and the
dual reupake inhibitors.

These data—particularly those pertaining to citalopram, the most 
5-HT-specific of the SSRIs (see Table 2)—suggest that serotonergic
activity alone is not sufficient to effect analgesia in the chronic pain set-
ting. In fact, the SSRIs as a class are, generally, less efficacious than the
in chronic pain states, based on the evidence assembled to date,15,40,90,111,225

although there are some exceptions.226,227

Dual-Reuptake Inhibitors (DRIs) Antidepressants
The term “n ove l” a n t i d e p ressant covers a great deal of ph a rm a c o l o g i ca l

v a ri e ty, i n cluding 5-HT/NE dual reuptake inhibitors (DRI s ) , N E - s p e c i f i c
reuptake inhibitors (NRRI s ) , 5 - HT receptor antagon i s t s , and mon-
a m i n e - oxidase (MAO) inhibitors, a m ong others.2 1 7 D RIs are ph a rm a c o-
l o g i ca lly similar to some TCAs in their ability to inhibit the reuptake of
both 5-HT and NE, a fe a t u re that may improve their analgesic effica cy
as rev i ewed in Ra o.1 9 3 I m p o rt a n t ly, D RIs differ from TCAs in being gen-
e ra lly devoid of significant activity at other receptor sys t e m s , and this
s e l e c t i v i ty results in diminished side effects and enhanced tolera b i l i ty.1 9 3

Venlafaxine is the on ly DRI curre n t ly available within the US and is
c u r re n t ly indicated for depre s s i on and anxiety. Two open label studies
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suggest venlafaxine is useful in treating multiple sym p t oms of FMS.2 2 8 , 2 2 9

H ow eve r, these results were not re p l i cated by a recent ra n d om i zed place-
bo con t ro lled tri a l , in which patients treated with venlafaxine did not
s h ow any significant improvements in pain, f a t i g u e, s l e e p, or mood com-
p a red to those on placebo.2 3 0 These results may be explained by dosing, a s
the study by Dwight et al.2 3 1 pushed each patient to their maximally tol-
e rated dose or 375 mg/day (mean 167 mg/day ) , while a study by Zi j l s t ra
et al.2 3 2 had a single drug arm with a dose of 75 mg/day. Data suggests that
venlafaxine is pri m a ri ly a 5-HT reuptake inhibitor at lower doses (ie,
,150 mg), with NE effects apparent on ly at higher doses. 2 0 0 , 201 On
the other hand, it should be noted that the open-label trial by Sayar et al.2 3 3

also used a single dose of 75 mg and found it effe c t i ve against vari o u s
FMS sym p t om s .

Milnacipran is a DRI presently available in Japan and parts of Europe
for the treatment of depression. This agent is unique among clinically
available DRIs in its preferential blockade of NE reuptake over 5-HT
(Table 2); additionally, this compound is a low affinity NMDA antag-
onist.198 Milnacipran is presently in clinical development for FMS in the
US, and the results of a Phase II monotherapy trial were recently
announced.234 Placebo was compared to milnacipran, dosed both once
and twice daily (when used as an antidepressant, milnacipran is dosed
twice daily). All patients were escalated over a 4-week interval to either
the maximum tolerated dose of milnacipran or to a total of 200 mg/day.
The total trial duration was 12 weeks, (the primary endpoint was pain)
tracked on a near-real-time basis using an electronic diary system.
Other symptoms that were followed (some using the diary and others
at clinic visits) included patient global impression of change (PGIC),
sleep, fatigue, and mood. Ninety patients ultimately completed the trial,
32 in the milnacipran QD arm, 37 in the BID arm, and 21 placebo con-
trols. In summary, 37% of patients taking 100 mg of milnacipran twice
daily achieved a 50% reduction in pain compared to only 14% of
patients on placebo. Furthermore, milnacipran dosed either once or
twice daily, had beneficial effects upon PGIC, fatigue, and mood. Side
effects including nausea and headache were mild and generally tran-
sient. The subgroup of patients with s diagnosable major depressive
episode at the start of the trial bears specific mention. Overall, this
group’s response to milnacipran was similar to that of non-depressed
patients; however, their placebo response rate was 33% compared to 5%
in non-depressed patients.

A second dual uptake inhibitor, duloxetine—a DRI that, like ven-
lafaxine, preferentially blocks the reuptake of 5-HT over that of NE—
is also in clinical development, and the results of a phase II trial of
duloxetine in FMS patients were recently announced.192 This 12-week
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monotherapy study compared duloxetine dosed at 60 mg twice daily
(120 mg/day) to placebo. Patients were escalated to the final dose over
a 2-week escalation period, which followed a 1-week placebo run-in
period. The primary outcome measures were the Fibromyalgia Impact
Questionnaire (FIQ) total- and pain-subset scores.192,235 Other measures
included the PGIC, pain (via the Brief Pain Inventory), SF-36, and
Quality of Life in Depression scale. A total of 207 patients completed
the trial, 104 and 103 patients in the active and placebo arms, respec-
tively. Overall, duloxetine treatment resulted in a significant improve-
ment in total FIQ scores; however, changes in the FIQ pain score did
not reach statistical significance. On the other hand, pain as measured
by the Brief Pain Inventory was improved. No beneficial effects of
duloxetine were noted on fatigue or sleep; indeed, insomnia was a sig-
nificant side-effect of drug therapy. However, an improvement in mood
was noted, as measured by the SF-36 and the Quality of Life in
Depression scale.

Other Novel Antidepressants
R e b oxe t i n e, classified as a No re p i n e ph rine Reuptake Inhibitor

(NERI)  due to its selective inhibition of NE reuptake, is on the mar-
ket as an anti-depressant in parts of Europe; however, it is currently
unavailable within the US. A recent open-label trial of reboxetine in 25
FMS patients suggests this compound may be useful for treating pain
and fatigue,236 though more extensive follow-up studies are needed on
this point. Another NRI—atomoxetine—has recently been introduced
to the US market for the treatment of attention-deficit hyperactivity
disorder ADHD). No data of the efficacy of this compound in pain are
presently available. However, a randomized, double-blind, placebo-
controlled trial in patients with chronic low back pain reported mapro-
toline—a tetra cyclic nora d renaline reuptake inhibitor (NA RI ) — t o
exhibit significantly greater efficacy than paroxetine at standard doses.237

A different study, however, found maprotoline to be somewhat less
effective than amitriptyline in the treatment of post-herpetic neural-
gia.207 Therefore, the results of limited empirical studies as well as sci-
entific considerations lead one to assume that NARIs may exhibit better
analgesic efficacy than the SSRIs, yet somewhat less efficacy than the
TCAs and SNRIs which influence both monoamines.238 Obviously,
additional studies are required to confirm the role these agents will play
in the treatment of chronic pain.

There are no published studies on the analgesic capabilities of nefa-
zodone, a 5-HT2A receptor antagonist as well as a weak dual reuptake
inhibitor. Animal studies have suggested that its 5-HT2 antagonism
may be anti-nociceptive, due to increases in 5-HT1A mediated neuro-
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transmission. The clinical relevance of this has yet to be determined,
especially since a related molecule, trazadone, has failed to exhibit sig-
nificant analgesic effects when used for various pain conditions, includ-
ing FMS.239

Mirtazapine is a potent central a2 autoreceptor antagonist as well as a
5 - HT2 and 5-HT3 receptor antagonist with some anecdotal success as an
analgesic.240 While no controlled studies have been reported, mirtazap-
ine’s α2 autoreceptor mediated increases in NE (as well as 5-HT1A)
neurotransmission and its ability to inhibit 5-HT3 (discussed below)
may impart some anti-nociceptive activity.

Reversible Monoamine Oxidase Inhibitors (RIMAs)
M AOIs increase monoamine levels by blocking their bre a k d own aft e r

release from the neuron , a mechanism distinct from TCA s , S S RI s , a n d
D RI s . Non - e n zym e - s p e c i f i c , i r reve r s i b l e, M AO I , s u ch as phenelzine and
t ra nyl cyp rom i n e, h a ve been on the market in the US for many years as
a n t i d e p re s s a n t s , though con c e rns about potentially fatal intera c t i ons with
c e rtain foods and medica t i ons have limited their widespread usage.3 8

M o clebemide and pirlindole re p resent “s e c ond genera t i on” agents that
s h ow improved specific and reversible binding com p a red to older com-
p o u n d s . Both of these agents have been approved in Europe as antide-
p re s s a n t s , though they are not pre s e n t ly available within the US.
Pre l i m i n a ry studies with moclobemide in FMS have failed to demon s t ra t e
s i g n i f i cant analgesic activity when com p a red to amitri p tyl i n e .2 0 6 H ow eve r,
a more recent study has demon s t rated the effica cy of this compound in
C F S, though effects were pri m a ri ly limited to fatigue.2 4 1 The results of a
ra n d om i ze d , d o u b l e - b l i n d , placebo con t ro lled trial of pirlindole in FMS
w e re more prom i s i n g, with beneficial effects upon sleep, p a i n , f a t i g u e, a n d
m o o d .2 4 2 It is of interest to note that MAOIs show greater effica cy than
TCAs in treating atyp i cal depre s s i on , a particular depre s s i on subtyp e
w h i ch is re l a t i ve ly com m on in patients with ch ronic pain con d i t i on s .2 4 3

Non-Steroidal Anti-Inflammatory Drugs
Non-steroidal anti-inflammatory drugs (NSAIDs; including COX-

2-selective agents) and acetaminophen are used by a large number of
FMS patients.244 However, numerous studies have failed to confirm
their effectiveness as analgesics in FMS, though there is limited
evidence of patients experiencing enhanced analgesia when treated
with combinations of NSAIDs and other agents.188 This phenomenon
may be a result of the painful, inflammatory conditions—including
OA , rheumatoid art h ri t i s , and lupus—being fre q u e n t ly com o rb i d
with FMS.
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Anti-Epileptic Drugs (AEDs)
The similarities between certain pathophysiological and biochemical

mechanisms observed in epilepsy and neuropathic pain led to initial
investigations of AEDs in chronic pain states.245 Agents such as carba-
mazepine, lomotrigine, phenytoin, benzodiazepines, and gabapentin
have been evaluated in neuropathic pain, and have been shown to have
analgesic effects to varying degrees.246 As a result, a number of drugs ini-
tially labeled as anti-epileptic agents are used regularly as analgesics.

The majority of AEDs increase the seizure threshold by reducing
neuronal excitability through sodium and/or calcium channel block-
ades; this mechanism of action appears to underlie their analgesic activ-
ity as well.246 Agents such as benzodiazepines, tiagabine, valproic acid,
and topiramate also enhance GABAergic neuro t ra n s m i s s i on .2 4 7

Therefore, although each specific agents’ mechanism of action may dif-
fer, AEDs as a class generally reduce excitability, decrease ectopic dis-
charge and reduce neurotransmitter release—effects which have been
found to impart varying degrees of anti-nociceptive as well as anti-
epileptic activity.

The results of a phase II monotherapy trial investigating the use of
pregabalin, an AED presently in clinical development, in the treatment
of FMS were recently published.248 Pharmacologically, pregabalin is
thought to act by blocking certain calcium channels.249 Three different
doses of pregabalin—150, 300, and 450mg/day—were compared to
placebo in this 8 week study. A total of 410 patients completed the
trial—131, 103, 111, and 99 in the placebo, 150 mg, 300 mg, and 450
mg/day arms, respectively. The primary endpoint was pain, as measured
by paper diary. Other endpoints included sleep, fatigue, and PGIC. In
summary, 450 mg/day of pregabalin was found to result in a 50% pain
reduction in 28.9% of patients, a significant difference vs. placebo
(13.2%). In addition, sleep, fatigue, and PGIC measures all improved in
patients in the 450 mg/day arm of the trial. Unfortunately, this high
dose was also associated with a significant incidence of CNS side
effects; dizziness, in particular was a problem in almost half of the
patients taking this dose.

Carbamazepine and gabapentin have been approved as first-line ther-
apies for trigeminal neuralgia and painful diabetic neuropathy, respec-
tively, and the effectiveness of gabapentin in diabetic post-herpetic
n e u ralgia has also been demon s t ra t e d .2 5 0 , 2 5 1 Gabapentin is stru c t u ra lly and
pharmacology similar to pregabalin; however, the gabapentin’s efficacy
has not formally been demonstrated in FMS. Other anti-convulsants,
such as topiramate and lamotrigine, have received recent attention
for their potential efficacy in neuropathic pain conditions.238,246,252–254

However, no clinical evaluation of the effectiveness of these AEDs in
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FMS has been published, and the discouraging side effect profile of
many of these agents has typically deterred their evaluation as front-line
therapies.

Anxiolytic and Hypnotic Agents
B e n zo d i a zepines are GABA agonists with analgesic actions in the

spinal cord and brainstem of animal models,2 5 5 as well as anti-epileptic
p ro p e rties as described above and mu s cl e - relaxant pro p e rties as discussed
b e l ow. While seve ral uncon t ro lled studies have supported the benefit of
cl on a zepam in neuropathic pain (specifica lly, t rigeminal neura l g i a ) , its use
is com p romised by side effects such as marked drowsiness or frank seda-
t i on .2 5 6 , 2 5 7 In genera l , studies with other benzo d i a zepines in neuro p a t h i c
pain have tended to be small and uncon t ro lled with inconsistant re s u l t s .2 5 8

The available data are also limited in FMS, but genera lly, these agents
h a ve been ineffe c t i ve as analgesics.2 5 9 , 2 6 0

A handful of studies have been published on the use of certain non-
benzodiazepine hypnotics in FMS, such as zopiclone and zolpidem.
These reports have suggested that, while improving patients’ subjective
sleep complaints, these agents do not improve the pain of FMS.261–263

Researchers have attempted to elucidate the relationship between cir-
cadian rhythms, melatonin secretion and FMS, but have produced
inconsistent results.128,129,264–266 Melatonin, available in the US as an
unregulated dietary supplement, has been evaluated in one small open
label pilot study involving 21 patients with FMS who were each given
3 mg of melatonin nightly for 30 days. While this study suggested pos-
sible benefits in sleep and tender point counts, melatonin did not appear
to impact patients’ overall levels of pain or fatigue.264

Gamma-hydroxybutyrate (GHB, also known as sodium oxybate) is a
precursor of GABA with powerful sedative properties indicated for nar-
colepsy in the US. Of note, this compound has been reported to quali-
tatively improve sleep by increasing the quantity of slow wave sleep
(SWS) and decreasing a-intrusion without significantly changing the
quantity of REM sleep.267 GHB was recently shown to be useful in
improving fatigue, pain, and sleep architecture in patients with FMS in
a pilot (18 patient) randomized, double-blind, placebo-controlled,
crossover trial.268 It is important to note, however, that several issues are
likely to limit the widespread adoption of this compound. First, this
agent is a controlled substance due to its abuse potential. Second, the
short half-life of γ-hydroxybutyrate typically requires twice nightly
administration, a dosing schedule that is likely to interrupt normal sleep
architecture. Finally, the low potency of this compound (6 grams were
used per night in the above trial) makes controlled-release dosage forms
more difficult, as the drug is most practically formulated as a liquid.
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Muscle Relaxants
Cyclobenzaprine is a muscle relaxant originally shown to be of some

benefit in the management of fibromyalgia in the mid-1980s.1 8 8

Although typically classified as a muscle relaxant, cyclobenzaprine
shares structural and pharmacological similarities with TCAs.193 The
mechanism of action underlying cyclobenzaprine’s muscle relaxing
action is unclear, though it may be mediated by blockade of 5-HT2
receptors.193 Data generally support its use in FMS, particularly in treat-
ing sleep and pain, and there are some data suggesting synergism when
cyclobenzaprine is used with fluoxetine.188,269 The major problems
patients report with cyclobenzaprine are morning “hangover” and dry
mouth. These issues may be alleviated to some degree by the use of
lower doses of cyclobenzaprine (1 mg to 4 mg) which have recently
been shown to improve pain, sleep, and fatigue in FMS patients.270

Ti za n i d i n e, an α2 adrenergic agon i s t , reduces mu s cle spasticity by
i n c reasing pre s ynaptic inhibition of motor neuron s , and has also demon-
s t rated analgesic effects in animal pain models.2 7 1 , 2 7 2 The anti-nociceptive
p ro p e rties of the α2 a gonists are not surp rising when one considers the
multiple sites of α2 a d renergic receptors within both the ascending and
descending pathways . For instance, α2 s t i mu l a t i on reduces activation of
PAF term i n a l s , t h e reby reducing Glu and SP re l e a s e . I n c reased α2 s t i m-
u l a t i on within the RVM may also activate the descending 5-HT sys t e m ,
p roviding further anti-nociception . These agents may also dire c t ly inhib-
it dorsal horn pro j e c t i on neuron s . A recent 8-week, open-label study of
25 fibromyalgia patients receiving a total daily dose of tizanidine of 
4–24 mg re p o rted significant improvements in seve ral para m e t e r s ,
i n cluding sleep, p a i n , and measures of quality of life .2 7 3 Of particular inter-
est is the demon s t ra t i on that treatment with tizanidine results in a re d u c-
t i on in substance P (SP) levels within the cere b rospinal fluid (CSF) of
patients with FMS.

B a cl o fen is a GABAB agonist also approved as an anti-spasticity agent
and likewise documented to be an effe c t i ve adjuvant analgesic in the
management of various types of neuropathic pain.2 7 4 – 2 7 6 While its mode of
a c t i on is not fully ch a ra c t e ri ze d , its analgesic effects may be due to sup-
p re s s i on of dorsal horn neuronal activity. T h e re are curre n t ly no data per-
taining to the use of bacl o fen in patients with FMS.

Opiates
Typ i cal opiate agonists such as morphine act at various com b i n a t i on s

of the mu , d e l t a , and kappa opiate re c e p t o r s . These receptors are loca t e d
t h roughout the CNS with all three receptors appearing to play a role in
a n a l g e s i a .1 9 3 A recent study re p o rted reduced levels of b-endorphin in
p e ri ph e ral blood mon on u clear cells of fibromyalgia patients, i m p l i ca t i n g
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the possibility of a suboptimal endogenous in fibromyalgia patients.2 7 7

M o rphine and morphine-like compounds are widely used in many
ch ronic pain states, i n cluding TM J D2 7 8 and subsets of CLBP.2 7 4 A survey
of academic medical centers in the US re p o rted that opiates were used
in about 14% of FMS (mainly tert i a ry ca re) patients.2 4 4

There have been only a few controlled clinical trials of these agents in
FMS. Interestingly, acutely administered intravenous morphine was not
found to be effective in treating FMS pain.280 Tramadol is another wide-
ly used analgesic that has a unique mechanism of action involving weak
mu agonist activity combined with 5-HT/NE reuptake inhibition.187

Three double-blind studies have demonstrated the efficacy and tolera-
bility of tramadol in the management of fibromyalgia pain, as an isolat-
ed compound281,282 and in fixed-dose combination with acetaminophen
(ie, “Ultracet”).278

Miscellaneous Agents
5-T3 receptor antagonists (such as ondansetron and tropesitron),

which are best known for their anti-emetic properties, also have anal-
gesic effects.284 Animal models have demonstrated that blockade of 
5-HT3 receptors has both nociceptive and anti-nociceptive effects, and
clinical trials in settings of chronic pain have repeatedly revealed a bell-
shaped dose response curve, suggesting that optimal analgesic effect
may involve a dose-dependent balancing act between these opposing
activities. This duality of effect may be due in part to the presence of 
5-HT3 receptors on both PAF terminals and inhibitory dorsal horn
interneurons.284–287 This is an appropriate reminder of the complex
nature by which the myriad 5-HT (and other) receptors interact
throughout the pain pathways.

Members of the German Fi b romyalgia Study Group extensive ly stud-
ied tro p e s i t ron in patients with FMS.2 8 8 – 2 9 2 In addition to seve ral small ,
open-label ev a l u a t i on s , a single ra n d om i zed placebo-con t ro lled double-
blind trial investigated the effe c t i veness of 5 mg, 10 mg, or 15 mg tro p e-
s i t ron given once daily for 10 days to 418 FMS patients. The results from
this study suggest modest but statistica lly and cl i n i ca lly significa n t
re d u c t i ons in pain, but on ly in those patients treated with 5 mg tro-
p i s e t ron , c onsistent with the earlier described bell-shaped dose re s p on s e
c u rve . C on s t i p a t i on and other GI complaints were com m on ly re p o rt e d ,
as is com m on with other 5-HT3 block e r s .

As mentioned above, c e rtain TCAs are known to be NMDA re c e p t o r
a n t a gon i s t s , though their activity in this re g a rd is re l a t i ve ly weak (ie, t h ey
a re low affinity agents).1 9 3 T h ree studies have demon s t rated high-leve l
N M DA receptor blockades (imparted by the use of high affinity agents
or large doses of low affinity compounds) can improve pain sym p t oms in

PS Y C H O P H A R M A C O L O G Y BU L L E T I N: Vol. 40 · No. 4

UNDERSTANDING THE FIBROMYALGIA SYNDROME

52
Ra o , G e n d re au ,

and Kra n z l er

PB-40-4-03-RAO  1/23/08  10:01 AM  Page 52



FMS patients.2 8 0 , 2 9 4 , 2 9 5 H ow eve r, s u ch high-level blockades are associated
with significant cognitive side-effe c t s , thus potentially limiting the utili-
ty of this appro a ch . While the search continues for agents with more tol-
e rable side effect pro f i l e s , N M DA receptor antagonists may ultimately
p rove to be most beneficial as adjunctive therapies when used con c om i-
t a n t ly with other analgesics.2 9 0

C on s i d e ring the observ a t i on that SP levels within the CSF of patients
with FMS are ro u t i n e ly elev a t e d , d rugs designed specifica lly as SP or
N K1 receptor antagonists are theore t i ca lly attra c t i ve . I n d e e d , a double-
b l i n d , p l a c e b o - c on t ro ll e d , ra n d om i zed 8-week cro s s over study was con-
ducted in 1994 to evaluate the use of a selective NK1 a n t a gon i s t ,
C J - 1 1 9 7 9 4 , in the treatment of FMS.2 9 6 In short , the results were disap-
p o i n t i n g ; t reatment with CJ-119794 resulted in no significant improve-
ments in pain, s l e e p, or affe c t i ve endpoints. U n f o rt u n a t e ly, this result is
rather consistent with NK1 a n t a gonists in a vari e ty of cl i n i cal settings,
despite promising pre cl i n i cal re s u l t s .9 7 The on ly notable exc e p t i on to this
g e n e ral trend has been within the antiemetic indica t i on , for which
a ri p retant—also known as MK-0869—has re c e n t ly re c e i ved approval in
the US.

Bennett et al. c onducted a ra n d om i ze d , p l a c e b o - c on t ro ll e d , d o u b l e -
blind study of the cl i n i cal effects of growth horm one (GH) therapy in
50 women with FMS and pre - d e t e rmined low IGF-1 leve l s .2 9 7 Pa t i e n t s
w e re ra n d om i zed to self-inject daily either GH or placebo (re c on s t i t u t-
ed excipient on ly) for 9 mon t h s . The dose of GH was adjusted to main-
tain blood IGF-1 levels at approx i m a t e ly 250 mg/ml. The GH-tre a t e d
g roup ach i eved a significant improvement in pain, s l e e p, and fatigue
s c o res at 9 months com p a red to baseline, w h e reas no significa n t
i m p rovement was observed in the placebo gro u p. Pa t i e n t s ’ re s p on s e s
tended to lag behind the initiation of GH therapy by approx i m a t e ly
6 m on t h s , although measurable improvements in mu s cle strength and
e xe rcise perf o rmance were discernible after 3 months with pro g re s s i ve
i m p rovement there a ft e r. Since GH is known to raise energy leve l s ,
i n c rease exe rcise ca p a c i ty, build mu s cle stre n g t h , and improve cognitive
f u n c t i on in other patient groups with decreased basal GH leve l s ,2 9 8 – 3 0 1 t h e
i m p rovements seen in this trial may mere ly reflect the general metabolic
e f fects of GH and not be re p re s e n t a t i ve of a syn d rome-specific re s p on s e .
M o re ove r, while GH therapy would appear to offer this subgroup of
patients some sym p t omatic improve m e n t , financial con s i d e ra t i ons limit
the viability of GH as a lon g - t e rm therapy in this population .

Non-Pharmacological Treatment Strategies
The two best studied non-pharmacological therapies are cognitive

behavioral therapy (CBT) and exercise. Both of these therapies have
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been shown to be efficacious in the treatment of FMS, and excellent
reviews of these treatments are referenced.27,46,302 Both of these treat-
ments can lead to sustained (eg, greater than one year) improvements
and are very effective in compliant individuals. The challenge for new
studies examining these treatments is to improve long-term adherence
and compliance, and to move toward using modalities such as the
Internet, or telemedicine, that will allow a larger number of patients
access to these therapies. Also, new studies need to address the optimal
manner in which to combine pharmacologic and non-pharmacologic
therapies.

DISCUSSION

The FMS landscape has changed markedly over the past 2 years since
the preceding review was written.38 In summary, FMS has moved much
closer to the mainstream, gaining authenticity in many circles as a legit-
imate, treatable condition. Such a vast change in attitude would have
been inconceivable just a few short years ago. The next few years prom-
ise to be equally exciting, as FMS garners more research interest and as
drugs specifically indicated for FMS enter the market.

In the preceding review, we presented a conceptual view of FMS that
attempted to integrate the various clinical and laboratory findings seen
in FMS patients (Figure 4).38 To summarize, we proposed that in sus-
ceptible individuals, all of the symptoms and findings are reciprocally
interconnected, and abnormalities in one element would ultimately
result in perturbations in the others. Equally important is the fact that
no distinctions were made nor hierarchy presumed between the primary
i n s u l t and secon d a ry sym p t om s . From a therapeutic perspective,
this model has an important implication: an attempt to treat a single
symptom in isolation will not be effective in treating the syndrome. We
suggest that trial data for zopiclone and amitriptyline support this
hypothesis. The former compound is a sedative/hypnotic with no
demonstrable efficacy against affective disorders, pain, etc. As predict-
ed by the model, zopiclone’s therapeutic benefits are limited to sleep in
FMS patients. Amitriptyline, on the other hand, can theoretically ben-
efit all of the elements in Figure 4, and this agent’s global effectiveness
is borne out by trial data.

Based upon this model and available clinical trial data, we predict that
three pharmacological classes of drugs likely to be of benefit to patients
with FMS:

• Dual reuptake inhibitors
• Antiepileptic compounds
• NK1 antagonists
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On the first two points, our predictions have been born out experi-
mentally. Both milnacipran and duloxetine have demonstrated efficacy
in FMS, and venlafaxine may be beneficial at higher doses.192,228,234 Of
note, the ranking of these compounds in order of decreasing efficacy—
milnacipran, duloxetine, and venlafaxine—also corresponds to their rel-
ative activities on NE vs. 5-HT; a point that confirms the importance
of NE to analgesia. Also of note is the marked dissociation in placebo
(but not active) response rates seen in milnacipran trials; data which
support the notion of pathophysiology underlying pain and depression
are different.303

Pregabalin appears to be a ve ry effe c t i ve compound in the treatment of
F M S, based upon the one of the largest double-blind, p l a c e b o - c on-
t ro ll e d , ra n d om i zed trial perf o rmed in FMS to date. The major con c e rn
with respect to this compound is tolera b i l i ty, as CNS side effects were
e x t re m e ly prevalent at the dose re q u i red for a statistica lly significa n t
re s u l t . It should be noted, h ow eve r, that the data to date re g a rding pre-
gabalin in FMS come from a mon o t h e rapy tri a l . One may speculate that
a low e r, m o re tolerable dose would be equally efficacious if com b i n e d
with another effe c t i ve dru g, s u ch as a DRI . I n d e e d , s u ch a com b i n a t i on
m ay be ideal, as the DRIs tend to cause a degree of insom n i a ; p re g a b a l i n
dosed at night would, p re s u m a b ly, counter act this side effe c t .

We recognized in the previous review that our prediction regarding
the efficacy of NK1 antagonists in FMS was speculative.38 In light of the

FIGURE 4

A MODEL OF FIBROMYALGIA AS A BIDIRECTIONAL CYCLE

Rao, Gendreau, and Kranzler. Psychopharmacology Bulletin. Vol. 40. No. 4. 2007.
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generally poor clinical showing of this class of agents in general, per-
haps the negative results seen with CJ-11974 in FMS are not surpris-
ing.291 However, it may still be too early to condemn the entire class as
issues with blood brain barrier penetration, affinity to human NK1
receptors, etc. have been noted with several early compounds.

It is important to note that none of the compounds pre s e n t ly in active
d eve l o pment for FMS are con s i d e red tra d i t i onal analgesics or anti-
i n f l a m m a t o ri e s ; a ll of them are thought to have their pri m a ry effe c t s
almost excl u s i ve ly within the CNS. T h u s , we hope this rev i ew will stim-
ulate dialogue between the com mu n i ty of physicians who treat FMS
patients and the scientific and cl i n i cal re s e a rchers studying brain phys i-
o l o gy and ph a rm a c o l o gy. Some of the ideas resulting from that dialogue
w i ll undoubtedly inv o lve the use of ph a rm a c o l o g i ca lly active agents to
f u rther dissect the biology of FMS and/or determine cl i n i cal re s p on s e .
We expect our understanding of FMS, as well as the phys i o l o g i cal links
b e tween mind and body in the “f u n c t i onal somatic disord e r s ” in genera l ,
w i ll advance ra p i dly as a result of such coll a b o ra t i ve effort s .
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