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ABSTRACT. The objective of the module was to (1) establish a core domain set for fibromyalgia (FM) assessment
in clinical trials and practice, (2) review outcome measure performance characteristics, (3) discuss
development of a responder index for assessment of FM in clinical trials, (4) review objective mark-
ers, (5) review the domain of cognitive dysfunction, and (6) establish a research agenda for outcomes
research. Presentations at the module included: (1) Results of univariate and multivariate analysis of
10 FM clinical trials of 4 drugs, mapping key domains identified in previous patient focus group:
Delphi exercises and a clinician/researcher Delphi exercise, and breakout discussions to vote on pos-
sible essential domains and reliable measures; (2) Updates regarding outcome measure status; (3)
Update on objective markers to measure FM disease state; and (4) Review of the issue of cognitive
dysfunction (dyscognition) in FM. Consensus was reached as follows: (1) Greater than 70% of
OMERACT participants agreed that pain, tenderness, fatigue, patient global, multidimensional func-
tion and sleep disturbance domains should be measured in all FM clinical trials; dyscognition and
depression should be measured in some trials; and stiffness, anxiety, functional imaging, and cere-
brospinal fluid biomarkers were identified as domains of research interest. (2) FM domain outcome
measures have generally proven to be reliable, discriminative, and feasible. More sophisticated and
comprehensive measures are in development, as is a responder index for FM. (3) Increasing num-
bers of objective markers are being developed for FM assessment. (4) Cognitive dysfunction assess-
ment by self-assessed and applied outcome measures is being developed. In conclusion, a multi-
dimensional symptom core set is proposed for evaluation of FM in clinical trials. Research on
improved measures of single domains and composite measures is ongoing. (J Rheumatol
2009;36:2318-29; doi:10.3899/jrheum.090367)
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Fibromyalgia (FM), also known as fibromyalgia syndrome,
is characterized by chronic widespread pain and tenderness
on physical examination, as defined by the 1990 American

College of Rheumatology (ACR) criterion!. The FM crite-
ria have been beneficial in identifying a more homogeneous
group of individuals with chronic widespread pain upon
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which to conduct research aimed at better understanding
FM. Currently, separate clinical diagnostic criteria for FM
do not exist. Applying the ACR criteria in clinical practice
may overemphasize the importance of tenderness (e.g., over
sampling for women), the importance of peripheral as
opposed to central factors, and distress (e.g., distress raises
tenderness). Clinically, patients with FM often complain of
other symptoms beyond pain. Additional symptoms include:
fatigue, sleep disturbance, mood disturbance, cognitive dys-
function, and syndromes such as irritable bowel and bladder
syndrome, and various forms of headache?. Each patient
with FM experiences a number of different symptoms to
varying degrees, which may change over time and with
treatment, thus constituting the need for continual assess-
ment of the multidimensional nature of the condition. FM
may occur on its own and also has been noted to be comor-
bid with rheumatoid arthritis, lupus, other chronic pain con-
ditions, hypothyroidism, and infections such as Lyme dis-
ease or hepatitis C. FM is prevalent in at least 2% of the
population, occurring more frequently in females than in
males!. Current research posits that FM results from dis-
ordered central pain and sensory processing. Disregulation
of several neuropeptide and neurohormone networks have
been identified, leading to a deficiency in pain inhibitory
pathways and/or increase in faciliatory networks®#. The
triggering and maintenance of FM appears to require both
genetic disposition and environmental influences such as
emotional or physical stressors or illness>.

Until the 1990s, there had been a paucity of well-con-
trolled clinical trials of pharmacotherapy of FM. This was
partly due to a lack of classification criteria and partly relat-
ed to a poor understanding about pathophysiology, uncer-
tainty about what core symptom domains could be reliably
measured, a lack of objective markers of disease activity and
severity, suboptimal confidence that measures could dis-
criminate a therapeutic response, and perhaps a certain
skepticism among some that the condition was legitimate.
Stemming from the work of Moldofsky and Smythe on
sleep disorders in FM®, studies with tricyclic antidepressants
(TCA) were conducted and showed short-term benefit for
pain and sleep in FM’. However, it was apparent that these
agents were incomplete in their effectiveness and poorly
tolerated.

In parallel with increased understanding of the neu-
ropathophysiology of FM, the more specifically targeted
and better tolerated pharmaceutical agents of potential ben-
efit for FM symptomatology became available. Examples of
agents include serotonin and norepinephrine reuptake
inhibitors (SNRI), which can augment the activity of these
serotonin and norepinephrine, 02-6 subunit modulators and
that inhibit excitatory neuropeptides such as glutamate and
substance P, and other neuromodulators as a means of
diminishing pain and fatigue, improving sleep, and benefi-
cially affecting other symptom domains of FM. Controlled

trials of several of these agents have been conducted utiliz-
ing a variety of measures and have demonstrated clinically
meaningful improvements in pain, patient global impression
of change, and function as compared to placebo. Two
agents, pregabalin, an 02-8 modulator, and duloxetine, an
SNRI, have been approved for management of FM in the
United States; and a third agent, milnacipran, an SNRI, has
also recently been approved®!2. However the approval
process has seen a wide variety of outcome measures used,
and approval has primarily been based on demonstration of
efficacy in domains of pain, patient global impression of
change, and total impact of FM as measured by the
Fibromyalgia Impact Questionnaire (FIQ)!3. There is a need
for scientific validation of a core set of domains that more
fully constitute FM syndrome for use in clinical trials.
Performance characteristics of domain measures also need
to be evaluated to assure clinicians, regulators, and the pub-
lic about the soundness of our ability to evaluate therapies in
FM and to provide guidance to developers of new therapies.

To this end, a group of clinician/researchers interested in
FM gathered in 2004 to develop a workshop for Outcome
Measures in Rheumatology Clinical Trials (OMERACT).
The group included both academic and pharmaceutical-
based researchers and focused on several areas. To gain a
preliminary sense of the key domains needing to be assessed
in FM, 23 clinician/researchers participated in a Delphi
exercise based on a list of domains developed by the expert
steering committee of the working group. Results of the
exercise and of voting held at a workshop at OMERACT 7
are shown in Table 114,

To better understand performance characteristics of
measures of the key domains, a review of controlled clinical
trials was conducted to determine effect sizes of the meas-
ures'. Pain and patient global measures appeared reliable
and showed good effect sizes, but other domains such as

Table 1. Top 12 symptom domains ranked by median Delphi scores, and
percentage of OMERACT 7 workshop attendees who voted domains as
essential to assess in clinical trials of FM'4.

Domain Median Delphi OMERACT 7
Score* Respondents (%)
Pain 16 100
Patient global 10 94
Fatigue 10 85
HRQOL 5 76
Sleep quality 8 70
Depression 5 65
Treatment side effects 5 58
Physical functioning 5 42
Clinician rated global 1 23
Dyscognition 2 21
Anxiety diagnosis 2 21
Tender point intensity 2 18

* Delphi exercise conducted before OMERACT 7 to prioritize domains.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2009. All rights reserved. |—

Mease, et al: Domains and outcome measures in FM

2319



sleep, fatigue, and function did not, raising questions about
either the effectiveness of therapy for these domains or the
quality of the measures. The group also reviewed more
objective measures being explored in FM, e.g., functional
magnetic resonance imaging (fMRI), and potential linkages
with patient reported outcomes developed by the World
Health Organization International Classification of Function
(ICF) project and the Patient-Reported Outcomes
Measurement Information System (PROMIS) network!>.
These projects represented broader and more in-depth
attempts to characterize the full patient experience of dis-
ease, function, and health-related quality of life (HRQOL)
impact of FM. The Delphi exercise concurred that the
research agenda should continue each of these areas of work
and explore in greater depth the patient perspective on out-
comes domains relevant to FM.

In preparation for a second FM workshop in 2006 at
OMERACT 8, the expanding working group, with the aid of
MAPI Values, an independent research organization, con-
ducted a series of patient focus groups to map the array of
symptoms experienced and problems caused by FM!®.
Utilizing information gained in these discussions, a Delphi
exercise was conducted among patients!”. The key symptom
areas identified as impacting the majority of the representa-
tive patients, although worded differently, showed consider-
able conceptual overlap with those identified in the clinician
Delphi exercise, thus providing face validity to the 2 differ-
ent exercises. In addition, an updated review of the per-
formance of outcome measures used in more recent clinical
trials, objective measure data'®, and linkage work with the
ICF and PROMIS FM-extension projects (D Williams) was
reported. The research agenda included the need to deter-
mine which key domains, as identified by patients and clini-
cian/researchers, represented the full core set of domains
experienced in FM, and whether areas of domains overlap;
also a preliminary analysis was necessary to develop a
responder index for FM. Two FM OMERACT Steering
Committee members (L. Arnold and L. Crofford) are co-pri-
mary investigators on a project funded by the US National
Institutes of Health (NIH) to develop such a responder index,
which was outlined at this meeting. The core domain con-
struct work, which was subsequently completed and which is
based on the research agenda formulated at OMERACT 8, is
outlined below and by Choy, et al elsewhere in these pro-
ceedings'®. In addition, a more complete understanding of
the symptom domain of cognitive dysfunction (dyscogni-
tion) and appropriate measures for it were identified as a key
subject for the research agenda. This history provides the
foundation for the current report on proceedings of the FM
Workshop presented at OMERACT 9.

Objectives. We sought to (1) establish a core domain set for
the assessment of fibromyalgia (FM) in clinical trials and
practice, (2) review the performance characteristics of out-
come measures, including patient reported outcomes, cur-

rently being used to assess FM domains, (3) discuss devel-
opment of a responder index for the assessment of FM in
clinical trials, (4) review objective markers of FM, (5)
review the domain of cognitive dysfunction in FM and its
potential assessment in clinical trials and practice, and (6)
establish a research agenda for further work to be done
regarding FM outcomes research.

Module process. Since the OMERACT 8 meeting in May
2004, working group members met in regular teleconfer-
ences and in person at the ACR, EULAR and Myopain
Society meetings. The working group, noted above, was
constituted of clinicians/researchers, statisticians, pharma-
ceutical industry representatives, and patients from North
America, Europe, and Australia. There were 4 subgroups
(leaders): (1) Domain construct (Ernest Choy, Philip Mease,
Lesley Arnold, Dan Clauw, Jennifer Glass, Susan Martin,
David Williams), (2) Outcome measures/patient reported
outcomes (PRO)/Responder index (David Williams, Susan
Martin, Lesley Arnold), (3) Objective markers (Dan Clauw,
Leslie Crofford, Jessica Morea), and (4) Cognition (Jennifer
Glass). Liaison to the OMERACT executive committee was
conducted by Lee Simon and Vibeke Strand. The group’s
fellow was Jessica Morea. Patient participants were Lynne
Matallana, Kathy Longley, Michael Peterman, and Sharon
Waldrop.

Methods and results by module subgroup. Domain con-
struct. As noted above, the working group had previously
conducted a clinician/researcher Delphi exercise and patient
focus groups and Delphi to determine key domains consid-
ered important to assess in FM clinical trials (Tables 1 and
2). We analyzed FM trial data to determine how well these
domains approximate the totality of the FM experience for a
patient (content validity) and to what degree domains were
overlapping versus independent. Patient global impression
of change (PGIC) was used as a surrogate of overall
improvement and was the dependent variable in multivariate
regression analyses against which other domains were
regressed. Outcome measures used in trials were mapped
onto one or more of the following domains identified in the
clinician/researcher Delphi: pain, patient global, fatigue,
HRQOL, multidimensional function, sleep, depression,
physical function, tenderness, dyscognition, anxiety, as well
as stiffness, which had additionally been identified in the
patient Delphi. Ten studies involving 4 pharmacological
agents were analyzed: 2 serotonin and norepinephrine reup-
take inhibitors (i.e., duloxetine and milnacipran), one 02-8
modulator (i.e., pregabalin), and sodium oxybate (gamma
hydroxybutyrate) — all of which have shown efficacy in
FM clinical trials. Details of this study are summarized else-
where in these proceedings'®.

Univariate analysis showed that instruments that meas-
ured these various domains showed moderate to high corre-
lation with PGIC; associations were highest with pain,
fatigue, multidimensional function, physical function, and
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Table 2. Comparison of OMERACT 7 voting and patient Delphi: key FM domains'3.

OMERACT 7 Voting? Patient Delphi *
Domain % Domain/item Mean %
Pain 100 Pain or physical discomfort 6.9 95
Patient global 94 Joints aching or pain 5.7 90
Fatigue 85 Lack of energy or fatigue 55 96
HRQOL 76 Impact on sleep [e.g., difficulty falling asleep, staying asleep, or getting up in the morning] 53 92
Multidimensional function 75 Problems with attention or concentration [e.g., difficulty concentrating on things, difficulty 4.7 91
thinking, “fibro-fog’]
Sleep 70 Stiffness 4.2 91
Depression 65 Disorganized thinking [e.g., difficulty expressing yourself, difficulty answering questions 3.6 85
quickly, or difficulty making plans]
Treatment side effects 58 Difficulty moving, walking, or exercising 35 86
Physical function 42 Having to push yourself to do things 3.1 83
Clinical global 23 Impact on ability to make plans, accomplish goals, or complete tasks 30 79
Tender point intensity 21 Feeling tender where touched 30 77
Dyscognition 21 Depression (e.g., disappointed, sad, resigned, or unmotivated) 30 74
Anxiety 21 Impacted/limited in doing normal daily life and household activities 2.8 82
Memory problems 2.6 81

T FM domains ranked as most important in clinician-investigator Delphi exercise performed prior to OMERACT 7. Percent column shows percentage of
OMERACT 7 attendees who agreed these domains were essential to assess in FM clinical trials. ¥ Mean scores [points assigned out of 100 possible] for the
top 14 domains identified by patients as important in FM. Percentage column reflects percentage of patients who felt domains should be assessed. HRQOL:

health-related quality of life.

stiffness; and only moderate with depression, anxiety, and
dyscognition. It should be recalled that in a majority of these
trials, patients with major depressive disorder had been
excluded, resulting in a lower effect size of change scores
since baseline depression scores were low. In addition, only
one trial utilized a measure of self-assessed cognition, part-
ly because of uncertainty about how best to approach and
assess this domain.

Multivariate analysis showed moderate to high values of
R2, with studies having more non-overlapping domains
demonstrating higher values, suggesting that if key domains
are not assessed, the variance accounted for in PGIC will be
diminished. Pain, fatigue, physical function, multidimen-
sional function, and depression were retained as separate
domains in trials of all 4 compounds. Tenderness was
retained as a domain separate from pain in all 3 trials in
which it was assessed, suggesting that it is a sign of allody-
nia and/or hyperalgesia separate from the subjective impres-
sion of pain. Sleep was retained in 2 out of 3 clinical trial
groups; stiffness, assessed by a single question in the FIQ,
in 2 out of 4; and dyscognition in none, the latter presum-
ably related to either non- or insufficient assessment.

The domain construct was discussed in breakout sessions,
taking into account clinician and patient Delphi exercises and
data analysis, and as aided by the presence of patient partic-
ipants. Voting, by audience response methodology, on the
construct was done on 2 occasions: at the time of the module
and in the plenary recap at the end of the meeting, when fur-
ther clarification on key issues was offered.

Inner core set (domains to be assessed in all clinical trials
of FM). There was little debate about whether core issues

Table 3. OMERACT 9 FM Module domain construct voting to determine
which domains were essential to assess in all FM clinical trials (core set),
or in some FM trials or electively as a research item. Endorsement by at
least 70% of attendees is desirable for inclusion of a domain as a core set
measure.

Domain Core Set % Some Trials —
Research %
Pain 98 2
Fatigue 84 16
Multidimensional function 76 24
Patient global 73 27
Tenderness 61 (72) 39
Sleep disturbance 58 (77" 42
Cognitive dysfunction 39 61
Depression 35 65
Stiffness 25 75
Adverse events 23 77
Anxiety 18 82
CFS Biomarkers 4 96
Functional imaging 4 96

T In the initial voting on core domains, more than 50% endorsed tenderness
(n voting = 102) and sleep disturbance (n voting = 107) as inner core set
domains. The OMERACT process provides the opportunity for consensus
building in an iterative manner throughout the course of the meeting. A
final vote (n voting = 121) on sleep and tenderness, after further presenta-
tion and discussion, resulted in both domains reaching the OMERACT
requirement for inner core set inclusion.

such as pain, fatigue, and patient global should be measured
in all FM trials as relevant domains for the “inner” core set
(Table 3). However, there was considerable discussion about
other domains. One issue was the separation and overlap of
the concepts of multidimensional function, physical func-
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tion, and quality of life. The 2 principal instruments cur-
rently used for measuring these domains are the Medical
Outcome Study Short Form Survey-36 (SF-36) and FIQ,
which include both function and HRQOL questions. Work is
under way to develop more sophisticated instruments that
more comprehensively measure these domains through the
PROMIS and PROMIS FM-extension project, and/or link-
age with the ICF methodology. Since the current measures
are primarily considered to be optimal instruments to assess
the concept of multidimensional function, it was voted
(63%), until more optimal HRQOL instruments are avail-
able, to subsume these concepts under the phrase “multi-
dimensional function,” which was voted to be a core domain
item, keeping open the possibility of separating out HRQOL
as more sensitive and specific instruments are developed.
Tenderness separated from pain in the multivariate analysis
and was considered by more than 60% in initial voting and
70% in revised voting to be in the core set as an essential
domain to measure in all trials. Sleep disturbance has long
been considered an important part of the FM experience,
and was so endorsed in the clinician and patient Delphi
exercises. However, in the data analysis, it did not correlate
highly with PGIC and was somewhat insensitive to change.
More careful analysis of the instruments used to assess sleep
demonstrated that some subscales performed well and
others, e.g., “snoring” in the Medical Outcomes Study
(MOS) sleep scale, did not. Thus, the poor correlation with

Stiffness

Tenderness
Fatigue
Patient Global

Multidimensional

Function

Sleep Disturbance

PGIC could have been due to dilution of quality of the scale
by assessments that were irrelevant to FM patients. It was
agreed that there should be a focus on development and test-
ing of more relevant measurements of sleep in FM and use
of more sensitive subscales of existing measures. Thus, with
further discussion, it was voted to include sleep disturbance
in the inner core (Table 3).

Outer core set (domains to be assessed in some but not all
FM trials — second circle). Some domains were shown to be
core domains in FM by the multivariate analysis but not con-
sidered by the majority of OMERACT attendees to be
necessary to assess in all clinical trials in a development pro-
gram. Depression was retained in the multivariate analysis as
a core domain in FM and was voted, by 65%, that it should
be assessed in some trials; but only 35% felt it should be
assessed in all trials. Thus, in Figure 1 depression is listed in
the second circle. Cognitive dysfunction, or dyscognition,
was noted to be an important domain by patients versus less
important as rated by clinicians/researchers in previous
Delphi exercises. However, full understanding of depression
as a domain and how best to assess it in FM trials is still
uncertain and is an active research issue. Given its impor-
tance as a domain, 38% felt it should be in the core set and
45% thought that it should be measured in some trials. Thus,
dyscognition was moved to the second circle (Figure 1).

Research agenda (domains that may or may not be included
in FM trials — outer circle). Several domains were high-

Anxiety

Functional
Imaging

Dyscognition

Figure I. Hierarchy of domains for fibromyalgia. The inner circle includes the core set of domains to be
assessed in all clinical trials of FM. The second concentric circle includes the outer core set of domains
to be assessed in some but not all FM trials. The outermost circle includes the domains on the research
agenda that may or may not be included in FM trials.
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lighted in discussions as being of potential interest to further
explore; these are listed in the third circle. Stiffness has been
identified by patients as an important symptom domain. In
multivarate analysis it did not separate out in all trials as a
domain distinct from pain, although it was only assessed
with a single question in the FIQ. Thus, it is part of the
research agenda (outer circle). Functional imaging and cere-
brospinal fluid biomarkers are examples of potential objec-
tive markers that may be important and discriminative,
although not currently feasible for all trials. These were,
therefore, listed in the research agenda. Because anxiety was
considered to be an essential part of the core set by just 18%,
it was placed in the outer circle.

In previous FM workshops, adverse events (AE) were
listed as an important domain to assess in trials. Since AE
are naturally assessed in clinical trials, it was felt to be
unnecessary to list as a symptom in the core set.

Outcome measures/PRO. The outcomes measurement (OM)
committee within the FM Working Group of OMERACT
works to identify PRO that best assess the domains of most
relevance to individuals with FM. The work of this group is
informed by ongoing initiatives either within or outside
OMERACT, and at OMERACT 9 this group presented data
in the following areas: (1) Building evidence supporting the
valid use of existing PRO specifically for FM; (2)
Developing responder indices based upon existing PRO; (3)
Further refinement of the domain definitions of relevance
specifically for FM; (4) Developing new and next genera-
tion outcomes measures specific to FM; and (5) Integrating
the guidance of regulatory bodies to the work of improved
outcomes measurement in FM.

Studies supporting the valid use of existing PRO in FM.
Many of the outcomes measures currently used in FM
research were developed and validated for use with other
medical conditions. Thus many indices used to assess
domains of relevance were “adopted” from other conditions.
Adopting instruments is neither uncommon nor inappropri-
ate when exploring a relatively new and poorly understood
condition such as FM. For example, a research definition for
FM did not exist prior to 1990 and until the recent work
within OMERACT, there was no consensus regarding the
clinical domains of relevance to this condition. A lack of
basic foundations in the understanding of this condition, not
to mention insufficient interest, time and funding, precluded
developing assessment instruments more specific to FM.
Borrowing and adopting assessment instruments has facili-
tated basic exploration of the nature and impact of FM, and
represents a methodological advance over previous un-stan-
dardized methods of inquiry.

As interest and understanding of FM matures, the need
for greater rigor in assessment methods also advances. It is
plausible to suspect that “adopted” instruments are suitable
for use in FM; however, support of this suitability needs to
be based upon performance within individuals with FM

rather than upon assumptions of equivalence. Several stud-
ies are currently underway examining the performance char-
acteristics of validated instruments in other conditions for
use in studies with FM. An example of one such effort is the
ongoing work of Strand and colleagues on use of the SF-36
in FM. Importantly, as with other rheumatic diseases, the
SF-36 represents a generic measure of health-related quali-
ty of life (HRQOL) that meets the OMERACT filter in
rheumatoid arthritis, osteoarthritis, systemic lupus erythe-
matosus, and FM, and may be well suited for use with other
disease specific instruments, once developed.

The SF-36 is a brief, well established, self-administered
patient questionnaire for assessment of HRQOL that can
also be viewed as a measure of multidimensional function,
including “participation”?. The SF-36 measures 8 domains
of health status: physical functioning, role limitations
because of physical problems, bodily pain, general health
perceptions, energy/vitality, social functioning, role limita-
tions due to emotional problems, and mental health. A sum-
mary score for physical functional status (physical compo-
nent score, PCS) can be calculated by combining and
weighting the various individual scales?!. Individual or
group domain and summary scores can be compared to
national norms for the US and other populations, or con-
trasted for various medical conditions?2.

To date, the SF-36 has been used in over 70 studies
involving individuals with FM; including randomized con-
trolled trials (RCT) of tramadol, gabapentin, pregabalin,
duloxetine, and milnacipran. The domains of coverage with-
in the SF-36 map nicely with the domains identified as being
relevant in the aforementioned Delphi studies. Domain
scores have been consistently observed to improve in studies
where active treatment arms can be compared to placebo;
supporting the SF-36 as being responsive to change in indi-
viduals with FM when change is expected to occur. To date,
there is much evidence supporting the use of the SF-36 as an
index of multidimensional function as it satisfies the OMER-
ACT filter for FM. Of interest, data from both RCT and lon-
gitudinal observational studies demonstrate remarkably sim-
ilar decrements in baseline domain and PCS and mental
component summary scores compared with age/gender and
population matched normative data. Trials of gabapentin,
pregabalin, duloxetine, and milnacipran have demonstrated
treatment associated mean improvements in summary and
domain scores that are remarkably similar and well exceed
minimum clinically important differences (MCID)?23-26,

Responder indices using combined domains. Responder
indices have become popular for identifying treatment suc-
cesses in illnesses where improvement needs to occur across
multiple domains. Such responder indices have a history of
use in FM. However, consistent with the work on relevant
domains, there has not been consensus regarding composi-
tion of these indices. For example, Simms, et al?’:28 report-
ed on the use of an index requiring improvement on 4 out of
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6 criteria defined as 50% improvement in pain, sleep
fatigue, patient global and physician global, dolorimeter
improvements and improved myalgic score. These criteria
were later used in RCTs of amitriptyline?®. This initial
response index for FM was a first attempt beyond assess-
ment of pain and tenderness in clinical trials. However, the
Simms criteria were not as sensitive as would be desired in
part because physical function was not included. A second
attempt at a responder index for FM was the work of Dunkl
et al®?, requiring improvements in 3 of 4 measures including
FIQ, pain intensity, tender point count, and pain intensity.

Clinical trials of new compounds for FM have also used
responder indices as primary efficacy endpoints. For exam-
ple, in RCTs of milnacipran, a responder index required par-
ticipants to report = 30% improvement in pain intensity, a
patient global change of “moderately improved or much
improved” and = 6 points improvement in SF-36 PCS
score!2. Clinical trials of sodium oxybate used a different
responder index: = 20% improvement in pain intensity, =
20% improvement in FIQ, and a patient global assessment
of “much better or very much better3!.

Thus, to date, most responder indices have been rational-
ly derived, based upon what investigators or regulatory bod-
ies deemed to represent improvement in the context of a
clinical trial involving FM. Given consensus regarding rele-
vant domains is only just evolving, most responder indices
have not benefited from a data driven development process.
Arnold, Crofford, and colleagues are currently working on
the NIH/National Institute of Arthritis and Musculoskeletal
and Skin Diseases (NIAMS) sponsored project to develop a
responder index for FM based on both consensus and empir-
ical data for eventual use in FM RCT. This project begins
with the consensually derived domains for FM, links exist-
ing assessment instruments to each domain, evaluates each
measure for 5 types of validity in FM, and evaluates the per-
formance of each instrument as a member of a composite
index. The project also establishes consensus among clini-
cians regarding criteria for improvement in FM, tests the
consensually derived criteria with empirical data, and iden-
tifies which definitions of improvement result in fewest
placebo improvements. This project is ongoing and will
inform the efforts of the working group in subsequent ses-
sions of OMERACT.

Refinements in domain definition studies (Item-level refine-
ments). Identification of consensually derived domains of
relevance for FM is an important first step in gaining a bet-
ter understanding of what needs to be assessed in FM.
However, studies that attempt to validate adopted measures
for use in FM must rely on several assumptions. First,
instruments purporting to measure a given domain (e.g.,
fatigue) will in fact measure those facets of fatigue that are
relevant to individuals with FM. Second the domain names
(e.g., fatigue) have shared meaning for individuals with FM,
clinicians, and other medical populations from which exist-

ing measures may have been adopted. Early investigations
into this area of inquiry suggest that neither assumption
holds completely.

Identifying concepts contained within existing domain meas-
ures. Perhaps the largest body of work in this area comes from
the investigators associated with The International
Classification of Functioning, Disability, and Health project
(ICF) within the World Health Organization ICF-WHO). The
ICF developed a domain categorization coding system that
identifies the relevant domains of functional status assess-
ment for medical illnesses in general2. This large system can
be broken down into core sets for specific illnesses. Currently
the core set closest to FM is the “chronic widespread pain
core set (CWP).” CWP affects between 5 and 15% of the pop-
ulation and includes FM as an extreme subset>3-3%. When
used, this coding system helps to identify relevant domains of
functional limitations for different diseases/conditions and
then provides a code (much like the ICD10) that identifies the
area of functioning affected by the condition.

Various standardized instruments used to assess domains
in FM have been examined and items within each instru-
ment have been mapped to specific categories (subdomains)
within each broader domain (e.g., fatigue can be subcatego-
rized into physical, mental, motivation, etc.). One recent
study found that out of 42 RCT in FM, 27 different ques-
tionnaires were used to assess FM. From the 27 different
questionnaires, 1138 distinct health-related concepts could
be identified based upon items. These concepts were linked
to 113 ICF categories. Each questionnaire differed greatly
from the other with regard to the specific subdomain cate-
gories covered and the relative importance paid to the
broader ICF domains of body structure, body function,
activities/participation, and environmental factors. The least
well covered broad domain for all existing questionnaires
was environmental factors®’.

A second manuscript explored differences in the ICF cat-
egories that were represented in PRO commonly used in FM
research that purportedly assess the same construct. This
manuscript applied ICF linkages to common indices of pain,
fatigue, sleep function, and affect. In each case the domains
were indexed by assessment tools that varied substantially,
depending upon which assessment tool was chosen. Thus,
quite disparate conclusions might be found for a given con-
struct, based on which assessment instrument was used and
which specific facets of the construct the instrument and its
scales emphasize’8.

That different instruments emphasize different facets of
constructs is not always limiting. As we learn more about
how patients with FM define and think about the various
domains of relevance, we will be better able to match our
assessment instruments to the way individuals with FM use
these terms resulting in improved assessment ability with
increased sensitivity in our measures of outcomes. That dif-
ferent instruments assess different facets of domains is also

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2009. All rights reserved. |—

2324

The Journal of Rheumatology 2009; 36:10; doi:10.3899/jrheum.090367



reason not to limit by decree which assessment tools must
be used for FM, as the choice of instrument might be best
driven by which facets of the domain a given intervention
hopes to address.

Identifying FM-specific definitions to the domains of rele-
vance. Efforts to learn about how patients with FM think
about the domains of relevance are currently in progress.
Methodologies typically start with a consensually derived
generic definition of the domain (e.g., ICF definitions or
definitions from the NIH Roadmap PROMIS project) that
are then agreed to or modified by focus groups of individu-
als with FM.

One such study recently presented at an NIH PROMIS
conference found generally good agreement among patients
with FM with generic definitions of pain, fatigue, negative
mood, and physical functioning. For each domain, however,
insufficient depth of impact was expressed as a concern of
the definition. For example, individuals with FM reported
that most existing definitions of fatigue focused on simply
being tired and failed to capture the profound unrecoverable
and disabling exhaustion that accompanies FM3°.

Development of new outcomes measures specific to FM.
Perhaps the largest scale project aimed at developing new
highly sensitive FM-specific measures for the domains of
relevance to FM is the NIH/NIAMS sponsored project
“FM-Specific extension of the PROMIS network.”
PROMIIS is an NIH Roadmap initiative that is building a
next generation Patient-Reported Outcomes Measurement
Information System (PROMIS). In the development of
PROMIS, each domain is defined generally, and then patient
reported outcome measures are developed and linked to
those specific domain definitions. PROMIS, still under
development, is to be a publicly available user-friendly
computerized adaptive testing (CAT) system that for effi-
cient generic measurement of PRO outcomes (PRO) across
a wide range of chronic diseases and dimensions3®.
Although costly and time-consuming to develop and main-
tain, a national public resource of this nature will be of ben-
efit as the system will be able to assess multiple domains
using fewer items (i.e., less patient burden) with greater pre-
cision (i.e., increased power for clinical trials with fewer
subjects).

PROMIS was established for the general assessment of
chronic illnesses, and as might be expected, many of the
domains identified in PROMIS are of relevance to FM, such
as pain, fatigue, negative mood, and physical function.
Several domains identified in the OMERACT Delphi exer-
cises, however, were not included in the first iteration of
PROMIS, such as sleep disturbance, dyscognition, stiffness,
and tenderness. Williams and colleagues are currently par-
ticipating in a cooperative agreement with the US
NIH/NIAMS to develop a FM-specific extension of
PROMIS. The goals of this initiative include: (1)
Determining whether PROMIS definitions of pain, fatigue,

physical function, and negative mood hold up or require
modification for patients with FM; (2) Developing new
definitions for sleep disturbance, dyscognition, stiffness,
and tenderness for FM, (3) Developing new item banks for
new domains and/or supplementing existing banks with
FM-specific items; (4) Performing large-scale field testing
following the methods of the larger PROMIS initiative thus
facilitating the development of FM-specific calibrations for
existing and new item banks, and (5) Developing static
short forms and CAT assessments specific to domains of
relevance for FM. These new item banks and calibrations
will be merged within the context of the larger PROMIS
roadmap initiative.

Regulatory considerations concerning the use of PRO for
FM. Many of the domain assessment tools currently in use
for FM were developed in academia to explore and gain a
better understanding of FM. With broader interest and new
treatments for FM, researchers and PRO developers must
become aware of not only methods of test development but
also guidelines of regulatory bodies such as the US Food
and Drug Administration (FDA) and the European
Medicines Agency (EMEA) if the assessment device is to be
used in a clinical trial for eventual product approval. One
such regulatory body, the FDA, released valuable draft reg-
ulatory guidance for (1) the use of existing measurement
tools, (2) the development of new measurement tools, and
(3) the transition of tools from one medium to another (e.g.,
paper to electronic formats)*?. Of particular importance in
the draft guidance is the documentation of patient input dur-
ing the PRO instrument development process, both in the
identification of the domains of importance in any particular
disease area as well as at the item-level development and
evaluation. Understanding the current PRO instrument
requirements from the perspective of regulatory bodies, can
guide decisions related to choice of currently available
instruments versus development of new instruments.

OBJECTIVE MARKERS

Participants at OMERACT 9 were presented an update on
the current understanding of the underlying pathophysiolo-
gy of FM and the biomarkers that relate to these pathophys-
iological processes. Researchers and clinicians now view
FM as a common pain syndrome characterized by primarily
central, non-nociceptive pain; as well, a variety of aberrant
pain and sensory processing pathways have been identified
that can lead to pain or sensory amplification.

All potential biomarkers that have been identified to date
in FM are related in some way to this central amplification.
Current biomarkers under study include but are not limited
to experimental or evoked pain testing (EPT); MRI imaging
(sometimes during EPT); and levels of neurotransmitters in
cerebrospinal fluid, including substance P, glutamate, sero-
tonin, and norepinephrine; muscle biopsy; polysomno-
graphy; cytokines; and sensory testing.
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The objective biomarker breakout session focused on 3
main issues: (1) the “objectivity” of biomarkers, (2) whether
a marker belongs in the core domain of outcomes that must
be measured in a clinical trial or requires further study
before becoming a core domain, and (3) application of the
OMERACT filter of truth, discrimination and feasibility to
specific biomarkers.

Neurotransmitters and muscle biopsy were the only mark-
ers designated as totally objective, but no single marker was
designated as a core domain. When applying the OMERACT
filter, some markers were considered more useful in research
than in clinical practice. For example, polysomnography was
considered truthful and discriminating but might only be fea-
sible in a clinical trial where the investigational intervention
aims to improve sleep, and may not be feasible in clinical
practice. In the case of biomarker neural imaging, some par-
ticipants rated it 7 out of 10 in terms of truth but rated it low
on feasibility due to cost, and evidence was considered insuf-
ficient to assign a score on the discrimination scale.

The goal of OMERACT is to place a set of disease mark-
ers through a filter of truth, feasibility, and discrimination to
achieve a succinct and practical set of outcomes to measure
change in health status. With numerous available markers
measured in so many different ways, it is impossible to com-
pare the efficacy of potential treatments. In preparation for
OMERACT, and during the workshop, it became evident
that there were too many biomarkers with too little evidence
to support existence of a core set that would pass through the
OMERACT filter. As such, the biomarker research agenda
focused on a single class of biomarker that has the most sup-
port for feasibility, truth, and discrimination: EPT.

Encompassing multiple techniques, including tender
point intensity, pressure pain thresholds, and heat/cold
thresholds EPT is emerging as a promising evidence-based
biomarker. The goal is to quantify the experience of pain
objectively and to demonstrate that FM is related to aberra-
tions in central, rather than peripheral, pain processing. The
presence of hyperalgesia (increased pain in response to nor-
mally painful stimuli) and allodynia (pain in response to
non-painful stimuli) implicate central pain mechanisms and
are measured by EPT.

Research shows that some methods of EPT are correlat-
ed with reports of clinical pain in patients with FM. For
example, Geisser, et al found that dolorimetry and pressure
thresholds were associated with clinical pain, but heat stim-
uli were not*!. Particularly, the use of the multiple random
staircase (MRS) method for delivering pressure stimuli has
been shown to be associated with patients’ reports of clini-
cal pain. MRS uses an interactive software system to deter-
mine low, medium, and high pain intensity thresholds for
each subject based on their response to random stimuli.
Harris, et al compared MRS to other evoked pain measures
and found that it was the only “objective” technique that
tracked with improvement during the course of treatment*2.

Such findings may indicate that experimental pain testing,
and MRS specifically, correspond to a patient’s clinical con-
dition, rendering this type of testing a potential biomarker of
disease status, progression, and improvement. In addition,
MRS is not subject to bias in terms of variation between cli-
nicians, or to fluctuations within individual clinicians, as
with tender point counts, and is not associated with patient
distress*3#4. With both dolorimetry and tender point count,
the patient is aware of when the stimulation is forthcom-
ing®, and such techniques have been shown to be influ-
enced by patient distress*®. EPT in FM yields a measure of
objective pain that correlates with clinical pain, is less sub-
ject to bias, underscores the central pain mechanisms in FM,
and is less invasive than other biomarkers (e.g., collecting
cerebrospinal fluid; CSF).

COGNITION

Although pain and fatigue are hallmark symptoms of FM,
many patients find that problems with cognitive function
(dyscognition) are just as troublesome>-134748, A small but
growing body of literature supports the presence of dyscog-
nition in FM*°. In this section the current state of knowledge
about dyscognition is reviewed.

Measurement of dyscognition can be divided into 2 cate-
gories: self-report of cognitive difficulties, and perform-
ance-based measures of cognition; most reports are per-
formance-based*’. About one dozen studies have been pub-
lished that use either standardized neuropsychological tests
or non-standardized but common measures from cognitive
science. Although these studies have used a variety of meas-
ures, a pattern has begun to emerge where deficits are seen
in 4 separate cognitive systems. Most notably, problems
with verbal working memory have been consistently report-
ed. Working memory refers to a memory system that com-
bines short-term storage (on the order of seconds) with other
mental operations such as retrieving knowledge from
semantic memory and deleting or adding items. Working
memory is an important construct in cognition as it func-
tions as basic skill. Results from 4 different measures of
working memory, the Paced Auditory Serial Attention Test
(PASAT)*-32, the Reading Span Test>3, the Everyday Test
of Attention®*, and Consonant TrigramsS2 have all found
impairment on this crucial cognitive system.

Related to working memory are attention and executive
control. Attention is the ability to maintain focus on a spe-
cific item, task, or location. Executive control involves the
many processes used to maintain focus, such as ignoring
irrelevant items, suppressing responses not consistent with a
goal, and planning. The results from the PASAT and the Test
of Everyday Attention point to a problem with executive
control of attention in FM. Ongoing work indicates greater
memory impairment in FM patients when they have distrac-
tion32556 An important point is that most standardized
neuropsychological tests are conducted without distraction.
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Deficits are also seen in memory systems with longer
duration. Episodic memory refers to the ability to remember
a specific episode. Many of our memory tasks fall into this
category, such as remembering a list of items to buy at the
grocery store. Patients with FM perform more poorly than
controls on word list tasks>3 as well as standardized tests of
memory3!5257:58,

The final area where deficits have been reported is in
semantic memory, particularly the ability to access semantic
memory. Semantic memory refers to our knowledge of facts.
It is separate from episodic memory (e.g., you may remem-
ber that there are 12 inches in a foot, but not remember when
you learned this fact). Patients anecdotally report word find-
ing problems, and there are reports of decreased performance
on both verbal fluency tasks>3>7 and on vocabulary tests>>.

There are now a number of computerized neuropsycho-
logical batteries (e.g., CANTAB, COGSTATE). Compu-
terized batteries would help the ease of testing, data collec-
tion, and interpretation across clinical trials and other stud-
ies. To date, there is only one report that used a computer-
ized battery, the Automated Neuropsychological Assess-
ment Metrics®. Unfortunately, this battery did not yield any
differences between patients with FM and controls, perhaps
due to the lack of distraction and working memory tests.
Future work will be needed to assess the utility of other
computerized neuropsychological batteries in FM research.

Self-report of cognitive function is an important addition
to performance-based measures because it can be influenced
by many factors, including effort required for performance,
stress regarding performance, and depression. There is a
surprising paucity of studies using self-report instruments of
dyscognition in FM, although several studies include 1 or 2
items about memory or concentration. An exception is a
study of memory beliefs in FM with the Metamemory in
Adulthood Questionnaire, used frequently for studying
memory in older adults>>. FM patients reported lower mem-
ory capacity, more memory deterioration, low self-efficacy
over memory, higher anxiety about memory performance,
and more strategy use to support memory than in age and
education matched controls. Among FM patients, perform-
ance on a memory task was correlated with perceived mem-
ory capacity. Further work using other well-validated, self-
report measures of cognitive function would be very helpful
in clinical trials, since self-report measures are easy to
administer and fulfill the need for patient reported
outcomes.

To summarize, existing data support dyscognition as a
salient symptom, and objective cognitive impairments can
be demonstrated in patients with FM. This will be important
in future clinical trials, but the field is not yet at the point
where we can recommend outcome measures that should be
included in all trials. In addition, during breakout discus-
sions, 3 important areas that have not been well studied were
identified: (1) There was considerable concern about how

other conditions (e.g., depression, anxiety, fatigue, and med-
ications) could influence dyscognition; (2) Some aspects of
dyscognition described by patients have not been well stud-
ied, in particular the idea of mental exhaustion and feelings
of dissociation; and (3) There was a good deal of discussion
about the frequent lack of correspondence between objec-
tive cognitive testing and self-report of dyscognition. The
group noted that self-report may also include other noncog-
nitive aspects. For example, someone with cognitive losses
compared to pre-illness state may still perform well when
their pre-illness state was above average.

CONCLUSION
FM is a condition characterized by chronic widespread pain,
excessive tenderness, and a number of associated symptoms
such as fatigue, sleep disturbance, mood disorder, and cog-
nitive dysfunction with associated impairment of function
and HRQOL. The symptom complex is caused by dysregu-
lation of central sensory processing systems. Evidence
points to genetic, environmental, and concomitant disease
state factors in its etiology. As therapies are developed that
not only address pain, but also other symptom domains, cli-
nicians, regulatory agencies, patients, and others need to
know the relative contribution of these various domains to
the disease experience of the patient and how best to meas-
ure them in a reliable and feasible manner in clinical trials.
The primary objective of the OMERACT 9 FM module
to achieve relative consensus on a domain construct for FM
clinical trials was accomplished through: (1) Review of
work presented in previous OMERACT workshops (clini-
cian/researcher Delphi, patient focus group and Delphi exer-
cises); (2) Presentation of a study in which the key clinical
domains identified in these exercises were mapped against
the patient global impression of change noted in 10 FM
pharmacologic studies to determine the degree to which key
domains both constituted the global patient experience of
FM and were not completely overlapping; (3) Presentation
of the current status of outcome measures, objective bio-
markers, and understanding about disease state; (4)
Discussion of the above in breakout groups; and (5) A vot-
ing process. Figure 1 demonstrates the outcome of this
process. Domains considered essential to measure in all FM
clinical trials include pain, tenderness, fatigue, patient glob-
al, multidimensional function, and sleep disturbance.
Domains considered important to measure at some point in
a clinical development program, but not essential to meas-
ure in all clinical trials, are depression and cognitive dys-
function, also known as dyscognition. Domains that are of
research interest and considered elective to measure at this
time, include stiffness, anxiety, and objective markers such
as functional imaging, e.g., fMRI, and cerebrospinal fluid
biomarkers. It is well recognized that this domain construct
is a “work in progress.” For example, it is recognized that
there are important elements of HRQOL that are not neces-
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sarily subsumed under the concept of “multidimensional
function,” yet the best instruments that we currently have
available, the SF-36 and FIQ, to measure these domains are
primarily measures of function. Further, whereas both clini-
cal experience and emerging research suggest that cognitive
dysfunction is an important clinical domain in FM, optimal
assessment methods are still in development; thus, whether
ultimately cognitive dysfunction will be considered a more
essential domain to measure in all trials is uncertain. As new
and more sophisticated instruments become available to
more completely measure the totality of patient experience
vis-a-vis these domains, and as we gain a more full under-
standing of the disease process and better ways to measure
impact of therapeutic intervention, this framework is
expected to evolve.

As in previous OMERACT meetings, an update was pro-
vided on the outcome measures used in FM trials and the
current status of objective markers of FM disease state. The
quality of their performance was discussed, and areas need-
ing improvement were reviewed, particularly assessment of
sleep, mood disturbance, tenderness, stiffness, multidimen-
sional function and HRQOL.

Since the majority of outcome measures are PRO, it is
important that they fulfill the standards of evidence being
developed by regulatory agencies. The working group
reported on several projects underway, which will be more
fully reviewed in future OMERACT meetings as part of the
group’s research agenda: linkages with existing disease
assessment networks such as PROMIS and the ICF and the
development of an FM responder index. These will be
developed in the context of the OMERACT filter of truth
(forms of validation), discrimination, and feasibility.
Objective markers of FM disease state continue to be devel-
oped, such as cerebral spinal fluid biomarkers and function-
al imaging. The relationship of these markers to disease
state and their ability to reflect change in response to treat-
ment remains on the research agenda.

Special focus was placed on the domain of cognitive dys-
function in FM during the module. This domain is ranked
highly by patients in terms of disease impact, and under-
standing about this problem is emerging. There have been
fledgling attempts to measure change of this domain via
self-assessment questionnaires. There are a number of more
objective and potentially feasible applied measures, e.g.,
computer based cognition assessment methods, which are
beginning to be studied in FM clinical trials and will be
reviewed at future OMERACT meetings.
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