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Reduction of Morning Stiffness and Improvement in Physical
Function in Fibromyalgia Syndrome Patients Treated
Sublingually with Low Doses of Human Interferon- a
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ABSTRACT

One hundred and twelve fibromyalgia syndrome (FMS) patients were randomized into one of four demo-
graphically similar groups (n 5 28/group). Sequential primary FMS patient volunteers were to receive daily
sublingual placebo or interferon-a (IFN-a) at 15, 50, or 150 IU. After a screening evaluation, analgesic or
sedative hypnotic medications were withdrawn. Two weeks later, daily IFN-a or placebo was initiated with
follow-up evaluations at 2-week intervals ending with week 6. One primary, three secondary, and seven ter-
tiary variables were assessed. Study outcome was based on improvement in the tender point index (TPI). The
TPI did not improve with any IFN-a dose. However, significant improvement was seen in morning stiffness
and in physical function with the 50 IU IFN-a (p , 0.01). None of the other outcome means changed signifi-
cantly and no adverse events were attributable to IFN-a therapy.
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INTRODUCTION

F IBRO M YALG IA SYN DROM E (FMS) is a chronic, painful disor-
der commonly seen in rheumatology practice. (1–4) While it

is often viewed as a musculoskeletal  pain process, the most
prominent biological abnormalities have been found in the lev-
els of nociceptive neurotransmitter s.(5–7) The etiology of FMS
is not known although genetic, (8–10) traumatic, (11–13) affec-
tive,(14–16) and infectious (17,18) processes have been implicated.
Clinicians typically employ combinations of education, med-
ications, exercise, rest, and psychological support; the resulting
benefits are often disappointing. (19)

In the past, there was a tendency to view FMS as a benign
disorder that did not justify aggressive therapy or the risk of
adverse side effects. (20) However, this approach can no longer
be justified, considering the impact of this condition on the qual-
ity of life of affected individuals. (21) The annual cost ($12 bil-
lion in direct cost alone) of this disorder to the United States
economy (22) mandates that innovative therapies for FMS be
considered and rigorously tested.

Interferon- a (IFN-a ) is a potent regulatory cytokine involved
in immunologic responses. (23,24) Oral use of IFN-a has been re-
ported to be beneficial in patents with Sjögren’s syndrom e.(25)

Anecdotal information has been provided indicating that oral
use of IFN-a has relieved the pain of some patients with chronic
fatigue syndrome (CFS).

Since the pain component of CFS is believed (26,27) to be
similar to that in FMS, it was hypothesized that IFN- a might
prove to be beneficial  for FMS. Additional support for that
hypothesi s has come from recent studies (28,29) showing that
the concentrat ion of kynurenine is elevated in the cere-
brospinal  fluid of patients with FMS. The enzyme involved
in converting tryptophan  to kynurenine (tryptopha n, 2,3-
dioxygena se) is augmented by IFN- g , a proinflammatory cy-
tokine sometimes physiolog ically antagonized by IFN-
a .(30 ,31) The purpose of the clinical trial was to evaluate the
efficacy of IFN- a in the treatment of deep palpation  tender-
ness in FMS. A number of other standard outcom e variables
were included to more widely evaluate the clinical effects of
IFN- a in FMS.
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MATERIALS AND METHODS

Patients

Primary FMS male and female patients (18–69 years) were
offered inclusion if they met American College of Rheumatol-
ogy (ACR) criteria (32) for that diagnosis. All patients were ex-
amined by one of us (IJR) to confirm  the diagnosis of primary
FMS and to exclude other diagnoses that might influence symp-
toms. Subjects were excluded for rheumatoid arthritis (RA),(33)

systemic lupus erythematosus, (34) CFS,(35) untreated hypothy-
roidism ,(36) or prior treatment with IFN-a . The study was ap-
proved by the Institutional Review Board for human studies at
the University of Texas Health Science Center at San Antonio.
Participants signed inform ed consent before receiving any
study-related evaluations or treatm ent.

Study medication

With only minor exceptions, all analgesic and sedative hyp-
notic medications typically used for the treatment of FMS(37,38)

were discontinued at the screening visit and proscribed for the
entire duration of the study. Patients were permitted to take 
acetaminophen for severe headaches. In addition, low-dose (85
mg/day) aspirin was allowed if previously prescribed for its an-
ticoagulation activity.

Enrolled patients were randomized into one of four coded
study mediations. Lozenges were prepared by Hayashibara Bio-
chemical Laboratories, Inc. (Okayama, Japan) and contained
IFN- a at 15, 50, or 150 IU. A placebo lozenge (0 IU) that
matched the IFN-a lozenges in appearance and taste was used
as the control for treatm ent.

Administration of study medication

Each participant was asked to dissolve one lozenge of
placebo or IFN-a sublingually daily for 6 weeks.

Outcome assessment

The participants had four clinical outcome assessments at 2-
week intervals over a 6-week period. These were conducted
without knowledge of the randomization code of treatment.
Questionnaires were used for self-assessment of symptoms and
functional abilities. Tender point examinations were accom -
plished as previously reported (39,40) and systematically per-
formed by a research nurse (Fane MacKillip) whose FMS ex-
amination skills had been previously validated to correspond
with that of an experienced FMS investigator (IJR). The Fis-
cher pressure pain threshold algometer was used for the do-
lorimetry measurements .(41,42)

Clinical measures

The primary outcome variable was the tender point index
(TPI), the sum of individual tenderness severities at each of the
18 standard ACR tender points.(43) Three other variables were
considered to be of secondary importance, including patient as-
sessment of global pain (PAIN) on a 10-cm visual analog scale
(VAS), subjective assessment of physical function by VAS
(FUNCTION), and the average pain threshold (APT, mean
value in kg derived from dolorimeter readings at each of the 18

ACR tender points). (44) Seven variables were considered to be
of tertiary importance including: the patient’s VAS for headache
(HEADACHE),(45) the VAS for quality of sleep (SLEEP),(46)

the VAS for global severity of morning stiffness (STIFF-
NESS),(47) the duration of morning stiffness, (39) the Standard
Health Assessment Questionnaire (HAQ) assessm ent of phys-
ical function ability, (48) the Center for Epidemiology Studies
Depression Questionnaire (CESD),(49) anxiety by the Hassles
Scale (HASSLES),(50) and the concomitant use of proscribed
analgesics (ANALGESIC).(39) In the intent-to-treat approach to
assessing response in this study, the patient was defined as a
responder (i.e., the study intervention was clinically beneficial)
if the patient experienced at least a 30% reduction in the TPI
and no worsening with regard to PAIN, FUNCTION, or APT.

Adverse events

Adverse clinical events reported by the patients or noted by
the investigational team were recorded at the assessment visits.
Laboratory tests including complete blood count, serum chem-
istry profile, and urinalysis were performed at weeks 0 and 4
of treatment.

Sample size

Sample size needs were determined analytically. Assuming
a 17% mean for nonspecific improvement in the TPI among the
placebo-treatme nt subjects in a prior study conducted by the
same investigative team,(39) it was determined that 23 evalu-
able patients in each group would support a 94% power for de-
tecting a 52% average improvement (i.e., about three-fold
greater improvement than expected with placebo) in response
to at least one of the IFN-a doses. Twenty-eight patients per
group were enrolled to complete the study with at least 23 evalu-
able patients per group to accommodate an expected 20% loss-
to-follow -up evaluation.

Statistical analysis

Assessments of treatment efficacy at evaluation visits were
based on within-patient differences (changes in outcome from
baseline, week 0, to the time of the evaluation visit, week 2,
week 4, or week 6). For each outcome variable, three covari-
ates were considered: age (dichotomized at the median of 47.9
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TA BL E 1. DEM OGRAPHIC CHARACTER ISTICS O F

SU BJECTS WH O MET ELIG IBILITY CRITER IA

A ND WER E RAN DOM IZED INTO THE STU DY

IFN- a treatment group (IU)

Variable Placebo 15 50 150 Total

Number 28 28 28 28 112
Age (years) 49.5 47.0 43.7 43.7 46.9
Sex (F ; M) 27 ; 1 25 ; 3 25 ; 3 26 ; 2 103 ; 9
Ethnic C ; 7 C ; 14 C ; 19 C ; 15 C ; 65

H ; 10 H ; 13 H ; 8 H ; 13 H ; 44
O ; 1 O ; 1 O ; 1 O ; 1 O ; 3

Age: mean, C 5 Caucasian; H 5 Hispanic; O 5 other eth-
nic.



years), race (Hispanic, non-Hispanic Caucasian, and other), and
the week 0 value of the outcome variable (dichotomized on the
median as low or high) to determine whether demographically
definable subgroups existed which benefitted from the treatment.

Separate linear models (51) were applied at each of the fol-
low-up evaluations to assess the significance of differences in
outcome variable changes with time among the treatment
groups (15 IU, 50 IU, 150 IU of IFN-a ) compared with 0 IU
placebo (P). Possible adverse effects from IFN- a during the
course of the study were assessed for statistical significance by
Chi-square analysis. Pairwise comparisons with placebo (P vs.
50 IU, P vs. 100 IU, P vs. 150 IU) were examined.

RESULTS

Study subjects

One hundred twenty-four FMS patients were screened for el-
igibility; 112 patients qualified for study participation. Of those,

12 were not randomized because they proved not to have pri-
mary FMS (n 5 2), were unable to tolerate the washout period
(n 5 2), or elected not to participate (n 5 8). The random ized
subjects exhibited a female:male ratio of 103:9, and a mean age
of 46.9 years. The ethnic distribution (Hispanic 39.3%) was
slightly different from that of the San Antonio general popula-
tion (60% Hispanic). Twenty-eight subjects were randomly as-
signed to each of the four treatment groups. Table 1 summa-
rizes the baseline values of the demographic variables at the
time of study entry. Analysis of treatment groups disclosed no
significant differences with regard to sex, age, or race at any
visit.

Ninety-nine (88.4%) of the randomized subjects completed
the week 2 assessment, 93 (83.0%) completed week 4, and 90
(80.4%, placebo n 5 20, 15 IU n 5 25, 50 IU n 5 23, 150 IU
n 5 22) completed the week 6-evaluation. In all, 19.6% of the
random ized patients were lost to follow-up before the end of
the study. Chi-square analysis found no association between
treatment group and the occurrence of protocol violations or
loss to follow-up.
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TABLE 2. OU TC OM ES OF THE CODE D-DRUG STUD Y: NU M BE RS O F SUBJECTS COM PLETIN G

THE STUDY . CHA NGE IN TREA TM ENT GRO UP SIZES FRO M WEE K 0 BASELINE TO WEE K 6

Variable Placebo 15 IU 50 IU 150 IU

Number @Wk0 28 28 28 28
Chg 2 8 2 3 2 5 2 6

TPI Wk0 31.50 6  1.87 34.71 6  1.56 32.32 6  2.15 33.11 6  1.93
Chg 4.15 6  2.85 1.32 6  2.40 4.13 6  1.27 3.82 6  1.93

Pain Wk0 7.08 6  0.37 6.76 6  0.32 6.53 6  0.30 6.61 6  0.30
Chg 1.37 6  0.41 0.21 6  0.36 0.72 6  0.52 1.09 6  0.50

Funct Wk0 7.68 6  0.43 7.91 6  0.38 7.93 6  0.39 7.02 6  0.51
Chg 0.71 6  0.49 0.73 6  0.48 1.33 6  0.63 0.23 6  0.56

APT Wk0 2.24 6  0.15 1.91 6  0.16 2.21 6  0.21 2.13 6  0.18
Chg 2 0.09 6  0.21 0.06 6  0.13 2 0.16 6  0.18 0.07 6  0.09

Heada Wk0 4.38 6  0.59 4.08 6  0.46 3.47 6  0.45 3.86 6  0.50
Chg 1.39 6  0.42 0.28 6  0.60 0.23 6  0.67 1.32 6  0.54

Sleep Wk0 3.36 6  0.42 3.26 6  0.38 3.46 6  0.44 3.58 6  0.40
Chg 2 0.90 6  0.42 2 0.39 6  0.34 2 0.90 6  0.3 2 0.79 6  0.51

Stiff Wk0 6.11 6  0.52 7.39 6  0.44 6.53 6  0.50 7.13 6  0.34
Chg 2 0.54 6  0.74 0.31 6  0.59 1.73 6  0.58a 1.74 6  0.55a

HAQ Wk0 1.43 6  0.11 1.52 6  0.12 1.33 6  0.14 1.33 6  0.12
Chg 2 0.04 6  0.09 0.08 6  0.10 0.26 6  0.08a 0.02 6  0.08

HASSLE Wk0 67.75 6  11.89 70.46 6  11.7 54.43 6  8.85 57.86 6  9.70
Chg 9.05 6  4.18 20.20 6  10.18 9.04 6  3.75 1.59 6  6.42

CESD Wk0 25.25 6  2.48 27.82 6  2.81 24l.25 6  2.88 26.32 6  2.73
Chg 1.75 6  1.24 0.96 6  1.76 4.74 6  2.42 4.65 6  2.06

Anal[%] Wk0 4 [14.3] 2 [7.1] 3 [10.7] 1 [3.6]
Chg 5 [25.0] 0 [0.0] 3 [13.0] 1 [4.5]

Values of clinical outcom e variables at week 0 baseline. Changes from week 0 to week 6 in the values of all outcome vari-
ables [week 0 minus week 6].

Notes: The first row of each variable indicates the actual value from the week zero [wk0] assessment. The second row for each 
variable indicates the change [Chg] in variable value after 6 weeks of treatm ent. Plus means decreased and minus means in-
creased. A higher positive value means improvement for all variables except APT and SLEEP where lower values indicate im-
provement. All values are expressed as mean 6 SEM of the mean.

aSignificant, p , 0.05.
Abbreviations: TPI, tender point index; Pain, pain by visual analog scale [VAS]; Funct, physical function; APT, average pain

threshold measured by algometry; Heada, severity of headache by VAS; Sleep, quality of sleep by VAS; Stiff, morning stiffness
severity by VAS; HAQ, Stanford Health Assessment Questionnaire disability score; HASSLE, Anxiety as evidenced by the Has-
sles scale score; CESD, Center for Epidemiologic Studies Depression scale; Anal, the use of analgesics [acetaminophen];  Wk0,
week zero baseline assessment value; Chg, change in outcome variable value from week 0 to week 6 assessment.



Response to treatment

The treatment responses for each of the outcome measures
are shown in Table 2. According to the intent-to-treat analysis,
the primary variable (TPI) failed to exhibit a significant mean
change from 0 to week 6 among all of groups receiving IFN-
a when compared with the placebo group. The same was true
for the APT and subjective PAIN by VAS.

A significant improvement for global severity of morning
STIFFNESS by VAS was detected for FMS subjects in the 50
IU/day (p 5 0.01) and the 150 IU/day (p 5 0.01) IFN- a treat-
ment groups when compared with the placebo groups (Fig. 1).
Pairwise treatment groups contrasts for each visit showed that
this change was evident at weeks 2 and 4. Improvement in this
variable at week 6 for subjects receiving 50 IU of IFN- a per
day was more apparent in non-Hispanic Caucasians (mean 5
3.0, 95% CI 5 1.0, 5.1) than in Hispanics (mean 5 0.2, 95%
CI 5 2 3.6, 4.0) and in subjects older than the median 47.9
years (mean 5 3.0, 95% CI 5 0.5, 5.5) compared with the
younger subgroups (mean 5 0.6, 95% CI 5 2 1.8, 3.1).

Non-Hispanic Caucasians (n 5 68) with an average baseline
STIFFNESS level (mean 5 SEM) of 6.65 6 0.29, median 5
6.69 (range 0.0–9.9) exhibited an average improvem ent of 3.0
units, a 45% improvement over baseline. This was not a find-
ing isolated to non-Hispanic Caucasians with the 50 IU dosage
of IFN- a , but was most dramatic with this demographic and
dose combination.

The same analytic approach detected significant (p 5 0.06)
overall improvement in physical function ability averaged over

time, as assessed by the HAQ, in subjects taking 50 IU/day of
IFN- a compared with placebo. A progressive trend in the di-
rection of improvement with time was evident and achieved
significance (mean 5 0.3, 95% CI 5 0.0, 0.6) at week 6. Sig-
nificant improvement in the HAQ was seen in younger patients
(age , 47.9 years) (mean 5 0.5, 95% CI 5 0.0, 0.9) at week 4
and non-H ispanic Caucasian patients (mean 5 0.40, 95% CI 5
0.1, 0.7) at week 6. Non-Hispanic Caucasians (n 5 68) with an
average baseline HAQ level ( 6 SEM) of 1.28 6 0.07, median 5
1.38 (range 0.0–2.63) exhibited an average improvement of 0.15
HAQ units, an 11.7% improvement over baseline. None of the
other secondary, and tertiary outcome variables (e.g., VAS
FUNCTION, PAIN, HEADACHE, SLEEP, CESD, HASSLES,
ANALGESIC) showed significant improvement with any IFN-
a dosage.

Adverse events

Adverse events present during more than one evaluation were
considered as a single event. There were 105 events reported
among 65 patients; none were considered serious, nor were any
of the events judged by the physician to be “related,”  or even
“probably related”  to IFN- a administration. Adverse events
were quantitatively documented to determine improvement or
decline over time. While the total numbers of individuals ex-
periencing adverse gastrointestinal symptoms was small, pa-
tients taking the 15 IU/day IFN- a were more likely to experi-
ence nausea and diarrhea than those on placebo. A borderline
significant (p 5 0.07) change in the occurrence of diarrhea was
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FIG. 1. Mean change (y-axis) from week 0 (baseline) to week 6. Changes in morning stiffness with time [week 0 minus week
2, 4, or 6] by groups (P, Placebo; 15 IU, 15 IU/day; 50 IU, 50 IU/day; 150 IU, 150 IU/day) during coded drug treatment. Posi-
tive changes indicate improvement. Decreases in the perceived morning stiffness among the 50 IU/day and the 150 IU/day groups
are statistically significant (p , 0.05). Notice that this change at week 6 was anticipated at both the week 2 and the week 4 as-
sessments.



found between the placebo-treated group (improved n 5 4,
worsened n 5 0) and subjects in the 15 IU IFN a -treated group
(improved n 5 3, worsened n 5 6) between baseline and week
6. Similarly, the change in the prevalence of nausea was more
favorable (p 5 0.05) in the placebo-treated group (improved
n 5 5, worsened n 5 1) than in the 15 IU IFN- a -treated group
(improved n 5 1, worsened n 5 5) between baseline and 
week 6.

The effects of treatment on clinical laboratory test values
were assessed using changes in each variable from baseline to
week 4 (i.e., changed from normal at week zero to abnormal at
week 4). Matched pair analysis failed to disclose any signifi-
cant change in laboratory values with treatment or by treatment
group.

DISCUSSION

IFN- a

IFN- a was the first cytokine to be produced by recombinant
DNA technology specifically for human administration. It has
emerged as an important regulator of growth and differentia-
tion, affecting cellular communication, signal transduction and
immunological regulation. (52) In addition, Ho et al.(53) proposed
an opioid-mediated dopaminergic mechanism  for some of the
effects of IFN-a .

CFS

A study by Brook, Bannister, and Weir(54) suggested that a
proportion of patients with CFS may benefit from 3 weekly
doses (3 million IU) of IFN- a therapy. Although the numbers
of patients involved in that study were too small to draw a firm
conclusion, the temporal relationship of recovery with therapy
and a significant association with IgM anti-coxsackieviru s B
antibody in the same subjects provides a basis for a treatment-
mediated positive responses. Two explanations for the results
of their trial were suggested. (54) First, if the IgM antibodies to
coxsackievirus B reflected chronic enterovirus infection, then
IFN- a might suppress enterovirus replication. Alternatively, if
the IgM antibodies represented an aberrant immune response,
the observed improvem ent may have been due to the im-
munoregulatory properties of IFN- a .(55)

Some believe that the pain component of CFS results from
a clinical overlap with FMS.(26,27) We hypothesized that IFN-
a might also reduce the severity of the widespread discomfort
associated with FMS. Here FMS was studied instead of CFS
because the former is substantially more prevalent than the lat-
ter.(56,57)

FMS

All of the patients in this study met the published ACR cri-
teria for primary FMS.(32) Sample size calculations had pre-
dicted that if IFN- a were clinically beneficial in FMS, 23 pa-
tients should be adequate to demonstrate a significant
improvement in TPI with IFN-a treatment relative to placebo.
This number of subjects completed the week 6 evaluation. The
finding of no statistically significant or clinically relevant re-
lief from deep pressure tenderness with IFN- a treatment in this

study suggests that physiological doses of IFN- a are not ef-
fective for pain relief in FMS over the short treatment interval
tested.

In a companion analysis of the data in this study,(58) the APT
was found to be a more reliable outcome measure than the TPI,
so the APT might have been a better choice as the primary out-
come variable. Indeed, a trend (nonsignificant) toward clinical
benefit in the APT was observed with the 50 IU. However, those
findings were not sufficient to change the major conclusions of
the study with regard to IFN-a monotherapy for FMS pain.

The unanticipated improvement in both the global severity
of morning stiffness and in the ability of the subjects to be phys-
ically active, as measured by the HAQ, must be carefully con-
sidered. Therapeutic options for the treatment of FMS are lim-
ited and most of those in current use appear to have quite similar
mechanisms of action. Further exploration of the findings of
this study with IFN-a has the potential to disclose a novel model
of adjunctive therapy and to bring into focus new information
about the pathogenesis of FMS.

Morning stiffness

The symptom of morning stiffness is not unique to FMS. In-
deed, it is best known as a clinical feature of RA.(59) It is clearly
important in RA because it is the first of the listed criteria in
the ACR revised classification of RA.(59) A substantial reduc-
tion in its duration is a key element in the criteria for remission
of RA disease activity. (60) As a result, every routine clinical
evaluation of RA patients should include questioning about
morning stiffness. Despite the importance of morning stiffness
to the assessment of disease activity status in RA, it is not well
understood. Although morning stiffness is generally believed
to parallel the severity of RA,(61) it does not correlate directly
with the erythrocyte sedimentation rate or the severity of syn-
ovitis. (62–64) Morning stiffness is generally believed to be less
severe and of shorter duration among patients with osteoarthri-
tis (OA) than in RA.(65) The severity of morning stiffness and
especially of its long duration in FMS is more similar to RA
than OA. That observation may partially explain why FMS was
initially considered to be an inflam matory condition and why
it was originally referred to as “fibrositis.”

There has been very little research specifically focused on
the phenomenon of morning stiffness in either RA or
OA.(61,66,67) Morning stiffness may have different meanings
among care givers and patients with inflammatory conditions
such as RA, polymyalgia rheumatica, systemic infections, OA,
stiff-man syndrome, and hypothyroidism.  It should also be
noted that morning stiffness can be viewed as a worst case out-
come for the “gelling phenomenon,”  which occurs in affected
individuals any time during the day or night when they are
sedentary for at least 30 minutes. Gelling may also be influ-
enced by several other clinical symptoms such as pain and lim-
ited movement. (66,68)

Morning stiffness is an important component of
FMS.(47,68,69) It was encouraging to observe clinical improve-
ment in morning stiffness and in physical function ability with
IFN- a . Considering this, it seems surprising that there was not
more influence of IFN- a in the standard pain measures, espe-
cially if IFN-a exhibits analgesic properties. (53) In a compan-
ion analysis (58) of the data from this study, it was shown that
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the subjective outcom e variable (PAIN) correlated (r 5 0.66)
with morning stiffness, suggesting that pain was an important
contributor to the severity of the morning stiffness variable.

This study showed that the severity of morning stiffness
was significa ntly reduced with the 50 IU/day when compared
to the placebo group. An average 45% reduction  in the aver-
age severity of the morning stiffness observed among non-
Hispanic Caucasians  was not trivial, especially  since some
subjects had much greater relief than the mean. In fact, the
change in morning stiffness severity meets the 30% criteria
for clinically  relevant improvement. By contrast, cycloben-
zaprine treatment of FMS resulted in a trend toward im-
provem ent in fatigue but morning stiffness was not af-
fected. (70) Although improvem ent in physical function (HAQ)
seen with IFN- a was statistica lly significan t, it did not meet
the 30% standard for clinical relevance . With further study,
IFN- a may prove to be additively  or even synergist ically ben-
eficial with regard to morning stiffness when combined  as
adjunctiv e treatment with concom itant analgesic  or sedative
hypnotic agent therapy.

The slightly increased frequency of nausea and diarrhea seen
with the lowest dose of IFN- a may not be due to IFN-a be-
cause these side effects were not seen with the higher doses.

Hepatitis C

It is of interest that Middleton et al.(24) studied 13 patients
with chronic hepatitis C infection being treated system atically
with supraphysiologica l, pharmacologica l dosages (3 million
IU, 3 times per week) of IFN- a . Large doses of IFN- a caused
a generalized reduction in pain thresholds in most patients and
may have actually induced fibromyalgia in some hepatitis C-
infected patients. (24) If high levels of IFN- a are capable of low-
ering pain thresholds and inducing FMS, one could speculate
that increased cytokine production resulting from inflammation
may contribute to the increase in the prevalence of FMS among
patients with autoimmune or inflam matory diseases like RA(71)

and lupus.(72,73)

Summary

The findings of this study suggest that there may be a role
for low-dosage IFN-a as an adjunct to a comprehensive ther-
apy program of education, exercise, and analgesic/sedative hyp-
notic therapy for FMS. The results of such combination ther-
apy may be overall improvement in sleep, pain, morning
stiffness, and physical function.

ACKNOWLEDGMENTS

The authors wish to recognize the efforts of Fane MacKil-
lip, RN, who obtained the tender point measurem ents;
Yolanda Lopez, RMT, who drew and processed  the fluid sam-
ples; Patty Caldwell who monitored the study; Joseph Cum-
mins, DVM, PhD, and Steven Krakowka, DVM, PhD, for
their helpful review of the manuscript;  and all of the fi-
bromyalgia patients who discontinued prior medications  to
participate in this study.

REFERENCES

1. CAMPBELL, S.M., CLARK, S., TINDALL, E.A., FOREHAND,
M.E., and BENNETT, R.M. (1983). Clinical characteristics of fi-
brositis. I. A “blinded,”  controlled study of symptoms and tender
points. Arthritis Rheum. 26, 817–824.

2. WOLFE, F., HAWLEY, D.J., CATHEY, M.A., CARO, X.J., and
RUSSELL, I.J. (1985). Fibrositis: symptom frequency and criteria
for diagnosis. An evaluation of 291 rheumatic disease patients and
58 normal individuals. J. Rheum. 12, 1159–1163.

3. YUNUS, M., MASI, A.T., CALABRO, J.J., MILLER, K.A., and
FEIGENBAUM, S.L. (1981). Primary fibromyalgia (fibrositis):
Clinical study of 50 patients with matched normal controls. Semin.
Arthritis. Rheum. 11, 151–171.

4. ALARCON-SEGOVIA, D., RAMOS-NIEMBRO, F., and GON-
ZALEZ-AMARO, R.F. (1983). One thousand private rheumatol-
ogy patients in Mexico City (letter). Arthritis Rheum. 26, 688–689.

5. MOLDOFSKY, H., and WARSH, J.J. (1978). Plasma tryptophan
and musculoskeleta l pain in nonarticular rheumatism (“fibrositis
syndrome”). Pain 5, 65–71.

6. HARVEY, J.A., SCHLOSBERG, A.J., and YUNGER, L.M.
(1975). Behavioral correlates of serotonin depletion. Fed. Proc. 34,
1796–1801.

7. MURPHY, R.M., and ZEMLAN, F.P. (1987). Differential effects
of substance P on serotonin-modu lated spinal nociceptive reflexes.
Psychopharm. (Berlin) 93, 118–121.

8. STORMORKEN, H., and BROSSTAD, F. (1992). Fibromyalgia:
family clustering and sensory urgency with early onset indicate ge-
netic predisposition and thus a “true” disease (letter). Scan. J.
Rheum. 21, 207.

9. VEALE, D., KAVANAGH, G., FIELDING, J.F., and FITZGER-
ALD, O. (1991). Primary fibromyalgia and the irritable bowel syn-
drome: different expression of a common pathogenetic process. Br.
J. Rheum. 30, 220–222.

10. YUNUS, M.B., RAWLINGS, K.K., KHAN, M.A., and GREEN,
J.R. (1995). Genetic studies of multicase families with fibromyal-
gia syndrome (FMS) with HLA typing. Arthritis Rheum. 38
(Suppl.), S247, abstract.

11. WEINBERGER, L.M. (1977). Traumatic fibromyositis: a critical
review of an enigmatic concept. West J. Med. 127, 99–103.

12. BURDA, C.D. (1984). Immunoglobuli n-G deposits at the dermal-
epidermal junction in secondary (traumatic) fibromyalgia syn-
drome (letter). Clin. Exp. Rheum. 2, 195.

13. CULCLASURE, T.F., ENZENAUER, R.J., and WEST, S.G.
(1993). Post traumatic stress disorder presenting as fibromyalgia.
Am. J. Med. 94, 548–549.

14. HUDSON, J.I., HUDSON, M.S., PLINER, L.F., GOLDENBERG,
D.L., and POPE, H.G., JR . (1985). Fibromyalgia and major affec-
tive disorder: a controlled phenomenology and family history study.
Am. J. Psych. 142, 441–446.

15. HUDSON, J.I., and POPE, H.G., JR . (1989). Fibromyalgia and psy-
chopathology: is fibromyalgia a form of “affective spectrum dis-
order”? J. Rheum. 19 (Suppl.), 15–22.

16. HUDSON, J.I., HUDSON, M.S., PLINER, L.F., GOLDENBERG,
D.L., and POPE, H.G., JR . (1985). Fibromyalgia and major affec-
tive disorder: A controlled phenomenology and family history
study. Am. J. Psychiatry 142, 441–446.

17. GOLDENBERG, D.L. (1989). Fibromyalgia and its relation to
chronic fatigue syndrome, viral illness and immune abnormalities.
J. Rheum. 19, 91–93.

18. GOLDENBERG, D.L. (1988). Fibromyalgia and other chronic fa-
tigue syndromes: is there evidence for chronic viral disease? Sem.
Arthritis Rheum. 18, 111–120.

19. WILKE, W.S. (1995). Treatment of “resistant” fibromyalgia.
Rheum. Dis. Clin. North Am. 21, 247–260.

RUSSELL ET AL.966

http://operatix.catchword.com/nw=1/rpsv/0049-0172^28^2911L.151[nlm=6944796]
http://operatix.catchword.com/nw=1/rpsv/0304-3959^28^295L.65[nlm=307724]
http://operatix.catchword.com/nw=1/rpsv/0300-9742^28^2921L.207[csa=0300-9742^26vol=21^26iss=4^26firstpage=207,nlm=1529291]
http://operatix.catchword.com/nw=1/rpsv/0263-7103^28^2930L.220[csa=0263-7103^26vol=30^26iss=3^26firstpage=220,nlm=2049586]
http://operatix.catchword.com/nw=1/rpsv/0093-0415^28^29127L.99[nlm=268728]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2926L.817[nlm=6347207]
http://operatix.catchword.com/nw=1/rpsv/0049-0172^28^2911L.151[nlm=6944796]
http://operatix.catchword.com/nw=1/rpsv/0033-3158^28^2993L.118[nlm=2442789]
http://operatix.catchword.com/nw=1/rpsv/0300-9742^28^2921L.207[csa=0300-9742^26vol=21^26iss=4^26firstpage=207,nlm=1529291]
http://operatix.catchword.com/nw=1/rpsv/0263-7103^28^2930L.220[csa=0263-7103^26vol=30^26iss=3^26firstpage=220,nlm=2049586]
http://operatix.catchword.com/nw=1/rpsv/0002-9343^28^2994L.548[csa=0002-9343^26vol=94^26iss=5^26firstpage=548,nlm=8498402]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2918L.111[nlm=1169069]
http://operatix.catchword.com/nw=1/rpsv/0889-857X^28^2921L.247[csa=0889-857X^26vol=21^26iss=1^26firstpage=247]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2926L.817[nlm=6347207]


20. RUSSELL, I.J. (1990). Treatment of patients with fibromyalgia
syndrome: Consideration of the whys and wherefores. Adv. Pain
Res. Ther. 17, 305–314.

21. WOLFE, F., ANDERSON, J., HARKNESS, D., BENNETT, R.M.,
CARO, X., GOLDENBERG, D.L., et al. (1997). Health status and
disease severity in fibromyalgia: Results of a six center longitudi-
nal study. Arthritis Rheum. 40, 1571–1579.

22. WOLFE, F., ANDERSON, J., HARKNESS, D., BENNETT, R.M.,
CARO, X., GOLDENBERG, D.L., et al. (1997). A prospective,
longitudinal, multicenter study of service utilization and costs in
fibromyalgia.  Arthritis Rheum. 40, 1560–1570.

23. DURAND, J.M., KAPLANSKI, G., LEFEVRE, P., et al. (1992).
Effect of interferon- a 2b on cryoglobulinemi a related to hepatitis
C virus infection. J. Infect. Dis. 165, 778–779.

24. MIDDLETON, G.D., MCFARLIN, J.E., LEE, W., and LIPSKY,
P. (1994). Effect of alpha-interferon on pain thresholds and fi-
bromyalgia. Arthritis Rheum. 37, 328.

25. SHIOZAWA, S., TANAKA, Y., and SHIOZAWA, K. (1998). Sin-
gle-blinded controlled trial of low-dose oral IFN a for the treatment
of xerostomia in patients with Sjögren’s syndrome. J. Interferon
Cytokine Res. 18, 255–262.

26. GOLDENBERG, D.L., SIMMS, R.W., GEIGER, A., and KO-
MAROFF, A.L. (1990). High frequency of fibromyalgia in patients
with chronic fatigue seen in a primary care practice. Arthritis
Rheum. 33, 381–387.

27. KOMAROFF, A.L., and GOLDENBERG, D. (1989). The chronic
fatigue syndrome: definition, current studies and lessons for fi-
bromyalgia research. J. Rheum. 19, 23–27.

28. RUSSELL, I.J., VIPRAIO, G.A., and ACWORTH, I. (1993). Ab-
normalities in the central nervous system (CNS) metabolism of
tryptophan (TRY) to 3-hydroxy kynurenine (OHKY) in fi-
bromyalgia syndrome (FS). Arthritis Rheum. 36, S222.

29. RUSSELL, I.J., and BROWN, R.R. (1993). Serum tryptophan and
kynurenine in fibromyalgia syndrome, rheumatoid arthritis, os-
teoarthritis, and healthy normal controls. Arthritis Rheum. 36,
S223.

30. WERNER-FELMAYER, G., WERNER, E.R., FUCHS, D.,
HAUSEN, A., REIBNEGGER, G., and WACHTER, H. (1989).
Characteristics of interferon induced tryptophan metabolism in hu-
man cells in vitro. Biochim. Biophys. Acta. 1012, 140–147.

31. OZAKI, Y., BORDEN, E.C., SMALLEY, R.V., and BROWN,
R.R. (1991). Interferon type I and II antagonism: a novel regula-
tory mechanism of indoleamine dioxygenase induction in human
peripheral blood monocytes and peritoneal macrophages. In:
Kynurenine and Serotonin Pathways . R. Schwarcz (ed.) New York:
Plenum Press, pp. 547–553.

32. WOLFE, F., SMYTHE, H.A., YUNUS, M.B., BENNETT, R.M.,
BOMBARDIER, C., GOLDENBERG, D.L., et al. (1990). The
American College of Rheumatology 1990 Criteria for the Classi-
fication of Fibromyalgia.  Arthritis Rheum. 33, 160–172.

33. ARNETT, F.C., EDWORTHY, S.M., BLOCH, D.A., MCSHANE,
D.J., FRIES, J.F., and COOPER, N.S. (1994). The American
Rheumatism Association 1987 revised criteria for the classification
of rheumatoid arthritis. Arthritis Rheum. 31, 315–324.

34. TAN, E.M., COHEN, A.S., FRIES, J.F., MASI, A.T., MCSHANE,
D.J., ROTHFIELD, N.F., SCHALLER, J.G., TALAL, N., and
WINCHESTER, R.J. (1982). The 1992 revised criteria for the clas-
sification of systemic lupus erythematosus.  Arthritis Rheum. 25,
1271–1277.

35. KATON, W., and RUSSO, J. (1992). Chronic fatigue syndrome
criteria. A critique of the requirement for multiple physical com-
plaints (see comments). Arch. Intern. Med. 152, 1604–1609.

36. CARETTE, S., and LEFRANCOIS, L. (1988). Fibrositis and pri-
mary hypothyroidism.  J. Rheum. 15, 1418–1421.

37. MOLDOFSKY, H., WONG, T.H.M., and LEU, F.A. (1993). Liti-

gation, sleep, symptoms and disabilities in postaccident pain (fi-
bromyalgia). J. Rheum. 20, 1936–1940.

38. CARETTE, S. (1995). What have clinical trials taught us about the
treatment of fibromyalgia. J. Musculoske Pain 3, 133–140.

39. RUSSELL, I.J., FLETCHER, E.M., MICHALEK, J.E., MC-
BROOM, P.C., and HESTER, G.G. (1991). Treatment of primary
fibrositis/fibromyalgia syndrome with ibuprofen and alprazolam.
A double-blind, placebo-controll ed study. Arthritis Rheum. 34,
552–560.

40. RUSSELL, I.J., MICHALEK, J.E., MACKILLIP, F., LOPEZ,
Y.M., and ABRAHAM, G.E. (1995). Treatment of fibromyalgia
syndrome with malic acid and magnesium: A randomized, double-
blind, placebo-controlle d, cross-over study. J. Rheum. 22, 953–958.

41. FISCHER, A.A. (1987). Pressure threshold measurement for the
diagnosis of myofascial pain and evaluation of treatment results.
Clin. J. Pain 2, 207–214.

42. FISCHER, A.A. (1987). Pressure algometry over normal muscles.
Standard values, validity and reproducibility of pressure threshold.
Pain 30, 115–126.

43. RUSSELL, I.J., VIPRAIO, G.A., MORGAN, W.W., and BOW-
DEN, C.L. (1986). Is there a metabolic basis for the fibrositis syn-
drome? Am. J. Med. 81, 50–56.

44. DINERMAN, H., GOLDENBERG, D.L., and FELSON, D.T.
(1986). A prospective evaluation of 118 patients with the fi-
bromyalgia syndrome: prevalence of Raynaud’s phenomenon,
sicca symptoms, ANA, low complement, and Ig deposition at the
dermal-epidermal junction. J. Rheum. 13, 368–373.

45. VAKHARIA, S.B., THOMAS, P.S., ROSENBAUM, A.E.,
WASENKO, J.J., and FELLOWS, D.G. (1997). Magnetic reso-
nance imaging of cerebrospinal fluid leak and tamponade effect of
blood patch in postdural puncture headache. Anesthesia Analgesia
84, 585–590.

46. ROGER, M., ATTALI, P., and COQUELIN, J.P. (1993). Multi-
center, double-blind, controlled comparison of zolpidem and tria-
zolam in elderly patients with insomnia. Clin. Ther. 15, 127–136.

47. HAZES, J.M., HAYTON, R., BURT, J., and SILMAN, J.J. (1994).
Consistency of morning stiffness: An analysis of diary data. Br. J.
Rheum. 33, 562–565.

48. FRIES, J.F., SPITZ, P., and YOUNG, D.Y. (1982). The dimen-
sions of health outcomes: The health assessment questionnaire, dis-
ability and pain scales. J. Rheum. 9, 789–793.

49. RADLOFF, L.S. (1977). The CES-Scale: A self-report depression
scale for research in the general population. Applied Physio. Mea-
surement 1, 385–401.

50. GUILLEMIN, F., BRIANCON, S., and POUREL, J. (1992). Func-
tional disability in rheumatoid arthritis: Two different models in
early and established disease. J. Rheum. 19, 366–369.

51. FROST, F.A., JESSEN, B., and SIGGAARD-ANDERSON, J.
(1980). A control, double-blind comparison of mepivacaine injec-
tion versus saline injection for myofascial pain. Lancet 1, 499–500.

52. GUTTERMAN, J.U. (1994). Cytokine therapeutics: Lessons from
interferon alpha.  Proc. Natl. Acad. Sci. USA 91, 1198–1205.

53. HO, B.T., LU, J.G., HOU, Y.Y., FAN, S.H., MEYERS, C.A.,
TANSEY, L.W., et al. (1994). The opioid mechanism of interferon
alpha action.  Anti-Cancer Drugs 5, 90–94.

54. BROOK, M.G., BANNISTER, B.A., and WEIR, W.R. (1993). In-
terferon alpha therapy for patients with chronic fatigue syndrome.
J. Infec. Dis. 168, 791–792.

55. SEE, D.M., and TILLES, J.G. (1997). Alpha-interferon treatment
of patients with chronic fatigue syndrome. Immun. Invest. 25,
153–164.

56. LLOYD, A.R., HICKIE, I., BOUGHTON, C.R., SPENCER, O.,
and WAKEFIELD, D. (1990). Prevalence of chronic fatigue syn-
drome in an Australian population.  Med. J. Austral. 153, 522–528.

57. PRICE, R.K., NORTH, C.S., WESSELY, S., and FRAZER, V.J.

EFFECT OF IFN-a ON STIFFNESS IN FIBROMYALGIA 967

http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2940L.1571[csa=0004-3591^26vol=40^26iss=9^26firstpage=1571,nlm=9324010]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2940L.1560[csa=0004-3591^26vol=40^26iss=9^26firstpage=1560,nlm=9324009]
http://operatix.catchword.com/nw=1/rpsv/0022-1899^28^29165L.778[csa=0022-1899^26vol=165^26iss=4^26firstpage=778,nlm=1552212]
http://operatix.catchword.com/nw=1/rpsv/1079-9907^28^2918L.255[csa=1079-9907^26vol=18^26iss=4^26firstpage=255,nlm=9568728]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2933L.381[csa=0004-3591^26vol=33^26iss=3^26firstpage=381,nlm=2317224]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2933L.160[csa=0004-3591^26vol=33^26iss=2^26firstpage=160,nlm=2306288]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2931L.315[nlm=3358796]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2925L.1271[nlm=7138600]
http://operatix.catchword.com/nw=1/rpsv/0003-9926^28^29152L.1604[csa=0003-9926^26vol=152^26iss=8^26firstpage=1604,nlm=1497394]
http://operatix.catchword.com/nw=1/rpsv/0315-162X^28^2922L.953[csa=0315-162X^26vol=22^26iss=5^26firstpage=953]
http://operatix.catchword.com/nw=1/rpsv/0003-2999^28^2984L.585[csa=0003-2999^26vol=84^26iss=3^26firstpage=585,nlm=9052306]
http://operatix.catchword.com/nw=1/rpsv/0149-2918^28^2915L.127[csa=0149-2918^26vol=15^26iss=1^26firstpage=127,nlm=8458042]
http://operatix.catchword.com/nw=1/rpsv/0263-7103^28^2933L.562[csa=0263-7103^26vol=33^26iss=6^26firstpage=562,nlm=8205405]
http://operatix.catchword.com/nw=1/rpsv/0315-162X^28^2919L.366[csa=0315-162X^26vol=19^26iss=3^26firstpage=366]
http://operatix.catchword.com/nw=1/rpsv/0140-6736^28^291L.499[csa=0140-6736^26vol=1^26iss=8636^26firstpage=499]
http://operatix.catchword.com/nw=1/rpsv/0027-8424^28^2991L.1198[csa=0027-8424^26vol=91^26iss=4^26firstpage=1198,nlm=8108387]
http://operatix.catchword.com/nw=1/rpsv/0959-4973^28^295L.90[csa=0959-4973^26vol=5^26iss=1^26firstpage=90,nlm=8186436]
http://operatix.catchword.com/nw=1/rpsv/0882-0139^28^2925L.153[nlm=8675231]
http://operatix.catchword.com/nw=1/rpsv/0025-729X^28^29153L.522[csa=0025-729X^26vol=153^26iss=9^26firstpage=522]
http://operatix.catchword.com/nw=1/rpsv/1079-9907^28^2918L.255[csa=1079-9907^26vol=18^26iss=4^26firstpage=255,nlm=9568728]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2933L.381[csa=0004-3591^26vol=33^26iss=3^26firstpage=381,nlm=2317224]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2925L.1271[nlm=7138600]
http://operatix.catchword.com/nw=1/rpsv/0003-9926^28^29152L.1604[csa=0003-9926^26vol=152^26iss=8^26firstpage=1604,nlm=1497394]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2934L.552[csa=0004-3591^26vol=34^26iss=5^26firstpage=552,nlm=2025309]
http://operatix.catchword.com/nw=1/rpsv/0304-3959^28^2930L.115[nlm=3614975]
http://operatix.catchword.com/nw=1/rpsv/0003-2999^28^2984L.585[csa=0003-2999^26vol=84^26iss=3^26firstpage=585,nlm=9052306]
http://operatix.catchword.com/nw=1/rpsv/0263-7103^28^2933L.562[csa=0263-7103^26vol=33^26iss=6^26firstpage=562,nlm=8205405]
http://operatix.catchword.com/nw=1/rpsv/0022-1899^28^29168L.791[csa=0022-1899^26vol=168^26iss=3^26firstpage=791,nlm=8354926]
http://operatix.catchword.com/nw=1/rpsv/0882-0139^28^2925L.153[nlm=8675231]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2934L.552[csa=0004-3591^26vol=34^26iss=5^26firstpage=552,nlm=2025309]
http://operatix.catchword.com/nw=1/rpsv/0304-3959^28^2930L.115[nlm=3614975]


(1992). Estimating the prevalence of chronic fatigue syndrome and
associated symptoms in the community. Public Health Re-
ports–Hyattsville 107, 514–422.

58. RUSSELL, I.J. (1998). The reliability of algometry in the assess-
ment of patients with fibromyalgia syndrome. J. Musculoske. Pain
6(#1), 139–152.

59. ARNETT, F.C., EDWORTHY, S., BLOCK, D.A., MCSHANE,
D.J., FRIES, J.F. (1987). The 1987 revised ARA criteria for
rheumatoid arthritis. 51st Annual Meeting American Rheumatism
Association, June 9–13. Arthritis Rheum. 30, S17.

60. PINALS, R.S., MASSIE, A.T., LARSEN, R.A., et al. (1981). Pre-
liminary criteria for clinical remission in rheumatoid arthritis.
Arthritis Rheum. 24, 1308–1315.

61. HAZES, J.M.W., HAYTON, R., and SILMAN, A.J. (1993). A
reevaluation of the symptom of morning stiffness. J. Rheum. 20,
1138–1142.

62. YOSHINOYA, S., MIZOGUCHI, Y., HASHIMOTO, Y., YA-
MADA, A., UCHIDA, S., TANIGUCHI, et al. (1991). Serum con-
centration of hyaluronic acid in healthy populations and patients
with rheumatoid arthritis—relationships to clinical disease activity
of RA. (Japanese). Ryumachi 31, 381–390.

63. THOMPSON, S., KELLY, C.A., GRIFFITHS, I.D., and TURNER,
G.A. (1989). Abnormally-fucosylated serum haptoglobins in pa-
tients with inflammatory joint disease. Clin. Chim. Acta 184,
251–258.

64. BUCHBINDER, R., BOMBARDIER, C., YEUNG, M., and TUG-
WELL, P. (1995). Which outcome measures should be used in
rheumatoid arthritis clinical trials? Clinical and quality-of-life mea-
sures’ responsiveness  to treatment in a randomized controlled trial.
Arthritis Rheum. 38, 1568–1580.

65. MARINO, C., and MCDONALD, E. (1991). Osteoarthritis and
rheumatoid arthritis in elderly patients: differentiation and treat-
ment. Postgrad. Med. 90, 237–243.

66. STEINBERG, A.D. (1978). On morning stiffness. J. Rheum. 5,
3–6.

67. BUCHANAN, W.W. (1982). Assessment of joint tenderness, grip
strength, digital joint circumference and morning stiffness in
rheumatoid arthritis. J. Rheum. 9, 763–766.

68. RHIND, V.M., UNSWORTH, A., and HASLOCK, I. (1987). As-
sessment of stiffness in rheumatology: The use of rating scales. Br.
J. Rheum. 26, 126–130.

69. BLAND, J.H. (1969). Theoretical mechanism of production of the
symptom stiffness. Fed. Proc. 28, 1073–1079.

70. BENNETT, R.M., GATTER, R.A., CAMPBELL, S.M., ANDREWS,
R.P., CLARK, S.R., and SCAROLA, J.A. (1988). A comparison of
cyclobenzaprine and placebo in the management of fibrositis. A dou-
ble-blind controlled study. Arthritis Rheum. 31, 1535–1542.

71. WOLFE, F., CATHEY, M.A., and KLEINHEKSEL, S.M. (1984).
Fibrositis (Fibromyalgia) in rheumatoid arthritis. J. Rheum. 11,
814–818.

72. SMYTHE, H.A., LEE, D., RUSH, P., and BUSKILA, D. (1991).
Tender shins and steroid therapy. J. Rheum. 18, 1568–1572.

73. MIDDLETON, G.D., MCFARLIN, J.E., and LIPSKY, P.E. (1994).
The prevalence and clinical impact of fibromyalgia in systemic lu-
pus erythematosus. Arthritis Rheum. 37, 1181–1188.

Address reprint requests to:
Dr. I. Jon Russell

Department of Medicine
The University of Texas Health Science Center

7703 Floyd Curl Drive
San Antonio, Texas 78284-7868

Tel: 210-567-4661
Fax: 210-567-6669

E-mail: russell@uthscsa. edu

Received 3 June 1998/Accepted 22 February 1999

RUSSELL ET AL.968

http://operatix.catchword.com/nw=1/rpsv/0315-162X^28^2920L.1138[csa=0315-162X^26vol=20^26iss=7^26firstpage=1138]
http://operatix.catchword.com/nw=1/rpsv/0009-8981^28^29184L.251[csa=0009-8981^26vol=184^26iss=3^26firstpage=251,nlm=2611998]
http://operatix.catchword.com/nw=1/rpsv/0263-7103^28^2926L.126[nlm=3828664]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2931L.1535[nlm=3058130]
http://operatix.catchword.com/nw=1/rpsv/0315-162X^28^2918L.1568[csa=0315-162X^26vol=18^26iss=10^26firstpage=1568]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2937L.1181[csa=0004-3591^26vol=37^26iss=8^26firstpage=1181,nlm=8053957]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2924L.1308[nlm=7306232]
http://operatix.catchword.com/nw=1/rpsv/0315-162X^28^2920L.1138[csa=0315-162X^26vol=20^26iss=7^26firstpage=1138]
http://operatix.catchword.com/nw=1/rpsv/0009-8981^28^29184L.251[csa=0009-8981^26vol=184^26iss=3^26firstpage=251,nlm=2611998]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2938L.1568[csa=0004-3591^26vol=38^26iss=11^26firstpage=1568,nlm=7488277]
http://operatix.catchword.com/nw=1/rpsv/0032-5481^28^2990L.237[csa=0032-5481^26vol=90^26iss=5^26firstpage=237,nlm=1924011]
http://operatix.catchword.com/nw=1/rpsv/0263-7103^28^2926L.126[nlm=3828664]
http://operatix.catchword.com/nw=1/rpsv/0004-3591^28^2931L.1535[nlm=3058130]

