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Abstract

Purpose—The purpose of this study was to examine the influence of a preferred-versus a
prescribed-intensity exercise session on pain in women with fibromyalgia (FM).

Methods—Twenty-one women with FM (mean age = 44 yr) completed two randomly assigned
exercise sessions consisting of 20 min of cycle ergometry at a self-selected intensity and a
prescribed intensity. Experimental pain perception was assessed before and after aerobic exercise.
During exercise, HR, watts, RPE, and muscle pain were assessed every 5 min. Clinical pain was
assessed with the Short-Form McGill Pain Questionnaire (SF-MPQ) immediately and 24, 48, 72,
and 96 h after exercise. Data were analyzed with repeated-measures ANOVA.

Results—Women with FM preferred a lower intensity of exercise than what was prescribed as
indicated by significantly lower HR, watts, and RPE responses (P < 0.05). Muscle pain in the legs,
however, was similar in the two conditions and significantly increased during exercise (P < 0.05).
Pain thresholds and pain tolerances increased significantly after exercise, whereas peak pain
ratings decreased after exercise (P < 0.05). Furthermore, pain (SF-MPQ) in the follow-up period
was found to be lower than baseline (P < 0.05).

Conclusions—It is concluded that the women with FM who participated in this study
experienced significant improvements in pain after exercise. The results from this study are novel
and indicate that recommendations for exercise prescription for individuals with FM should
consider the preferred-intensity exercise model as a strategy to reduce pain.
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Fibromyalgia (FM) is a common musculoskeletal pain condition associated with chronic
widespread pain as well as stiffness, fatigue, mood disturbances, and other disabling
symptoms (47). Currently, there is no cure for FM, and treatment usually requires a
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multidisciplinary perspective using both pharmacological and nonpharmacological
approaches (3,30). Exercise is commonly recommended in the management of FM. The
American Pain Society (1), for example, encourages individuals with FM to perform aerobic
exercise for therapeutic benefits, and research indicates that exercise training has beneficial
effects on global well-being, physical capacity, and physical function (6).

Adherence rates to exercise programs, however, are generally low in individuals with FM
(6,33,38-40,45). Although not systematically studied, individuals with FM are typically
deconditioned (9,28), and there are reports that women with FM experience increased
symptoms such as pain and fatigue when they attempt to engage in an exercise session
(27,38). Furthermore, pain has been shown to be predictive of poor activity tolerance in FM
patients (12) and higher pain self-efficacy has been shown to be a significant discriminator
for physical activity participation (11). One study in patients with chronic fatigue syndrome
and FM demonstrated that physical activity levels were contingent on current pain and
fatigue symptoms but that current activity levels were not predictive of subsequent physical
symptoms (23). Thus, there is limited research examining changes in pain after an
immediate bout of exercise in women with FM.

Normally, in healthy individuals changes in pain sensitivity occur after exercise indicative of
an analgesic response (e.g., increases in pain thresholds and tolerances and lower pain
ratings). This phenomenon has been termed exercise-induced analgesia (EIA) and has been
demonstrated after exercise for several different experimental pain stimuli (for reviews, see
Cook and Koltyn (8) and Koltyn (21)). In contrast, there are reports in the literature that FM
patients do not experience EIA. Several investigators have reported an increase in pain as a
result of exercise (25,32,41,46), whereas other investigators have reported decreases in pain
after exercise (17,20,42). Currently, the optimal mode, duration, frequency, and intensity of
exercise appropriate for individuals with FM to manage their symptoms are unknown. Also,
it is unclear what intensity of exercise is preferred by women with FM to manage pain. Most
exercise programs use a prescribed exercise protocol such as the one by the American Pain
Society, which recommends exercising at a moderate intensity defined as between 60% and
75% of age-adjusted maximal HR two to three times per week. An alternate approach,
however, would be the use of a preferred exertion model in which participants self-select
their preferred intensity of exercise (36). It has been suggested that adherence to exercise
programs may be increased if exercise prescriptions are based on preferred intensity of
exercise because of the inverse association between exercise intensity and adherence rates
(14). Furthermore, the incorporation of preferred intensity may also affect pain because self-
selection of exercise intensity will allow individuals to change the intensity of exercise as
necessary to remain comfortable and to minimize possible exacerbations in pain during the
exercise bout. Therefore, the primary purpose of this study was to examine the influence of a
preferred- versus a prescribed-intensity exercise session on pain in women with FM.

MATERIALS AND METHODS

Participants

Twenty-one women (age range = 18-59 yr) who had been diagnosed with FM according to
the 1990 criteria set forth by the American College of Rheumatology (47) were recruited to
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participate in this study. A power analysis was conducted to estimate optimal sample size for
detecting within groups differences among the two experimental conditions, with an « level
of 0.05, power = 0.80, a correlation among repeated-measures = 0.70, and a moderate effect
size. Effect size calculations were based on comparisons of sensitivity to experimental pain
stimuli before and after aerobic exercise. Results from this analysis indicated that 21
participants would yield a power of 0.803 (15). Given the high percentage (80%-90%) of
women versus men who are diagnosed as having FM, only women were recruited to
participate in this study. Exclusion criteria included the following: 1) individuals diagnosed
with major depressive disorder, 2) individuals with current substance abuse, and 3)
individuals taking opioid or high-dosage antidepressant medications for major depressive
disorder. Participants were further instructed to maintain and not change their current
medication use throughout the course of the study. A trained interviewer screened all
participants for exclusionary diagnoses using the Structured Clinical Interview for the
Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Disorders (16).

Informed consent was obtained from all participants, and all study procedures complied with
guidelines of the Declaration of Helsinki. The University of Wisconsin Institutional Review
Board approved the procedures for this study. Participants completed two exercise sessions
on separate days consisting of 20 min of cycle ergometry at either a self-selected intensity or
a prescribed intensity. The two sessions were randomized, counterbalanced (n = 11 received
prescribed first; n = 10 received preferred first) and separated by 2 wk. Participants were
instructed to go about their usual daily routines during the 4 d after exercise as well as
between experimental sessions. Participants completed a packet of questionnaires consisting
of: 1) a health/medical history, 2) a body pain diagram, 3) the Fibromyalgia Impact
Questionnaire (5), 4) the Short-Form McGill Pain Questionnaire (SF-MPQ) (31), 5) the
POMS (29), and 6) the Tampa Scale for Kinesiophobia (24). Before the self-selected
intensity session, participants were instructed verbally on how to choose a preferred
intensity (based on a script by Dishman et al. (14)) based on the following script:

Now you are going to cycle on the bike for 20 min. You will select an intensity of
exercise that you prefer. This could be a level of exercise that you would choose for
a normal daily exercise session. This exercise intensity should be appropriate for
you and at a level that you feel in not too hard or too easy. This exercise should
provide you with a good workout that you can tolerate. You will be given the
opportunity to change the exercise level to a new level at any time during the
exercise session by pushing the up and down arrows on the control panel.

The prescribed exercise session was chosen based on the recommendations and guidelines
published by the American Pain Society (1) for the management of FM and consisted of
exercising at moderate intensity defined as 60%—75% of age-adjusted maximal HR. A target
HR zone was established for each participant using the Karvonen method and was
maintained throughout the session. The wattage of the cycle ergometer was adjusted by the
investigator to meet the prescribed intensity (target HR zone) throughout the exercise bout
by pushing up or down arrows on the concealed control panel. Every 5 min during each
exercise session, the following data were recorded: 1) power output (W), 2) HR viaa HR
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monitor (Polar, Kempele, Finland), and 3) perceived exertion using Borg’s 6-20 RPE scale

(4).

Multiple aspects of pain were assessed in this study and included the following: 1) muscle
pain during exercise; 2) experimental pain perception including pain thresholds (i.e., point at
which a stimulus is first perceived to be painful), pain tolerance (amount of noxious
stimulation individual’s are willing to tolerate), and pain ratings (intensity and
unpleasantness); and 3) pain in the postexercise period. Muscle pain in the legs was assessed
every 5 min during the exercise sessions using a muscle pain intensity scale (10). The
participants were asked to verbally rate the intensity of pain in their legs according to
numerical responses on a 0—10 scale where 0 = no pain and 10 = extremely intense pain
(almost unbearable) with an option to rate pain higher than 10. This scale has been shown to
be a valid and reliable measure of leg muscle pain during exercise (10).

Experimental pain perception was assessed before and directly after each exercise session
using the Forgione—Barber Pressure Stimulator. Approximately 3000 g of force was applied
to the right forefinger for a maximum of 2 min. Previous research has demonstrated that this
procedure produces a painful sensation but does not cause short-term or long-term tissue
damage or injury (37). Further, our previous work in healthy men and women has shown
that pain sensitivity consistently decreases after an immediate bout of exercise but changes
little after quiet rest (22). Pain thresholds were determined by the elapsed time from the
initial application of the pressure stimulus to the forefinger until the participant perceived
the stimulus to be painful. Participants were instructed to press a button attached to a timer
out of view of the participant indicating when the stimulus changed from no pain to slightly
painful. Pain tolerances were assessed by recording the time the individual was willing to
endure the pressure stimulus on their finger. In addition, peak pain intensity and pain
unpleasantness ratings were assessed at tolerance time using the Gracely Box SL scales to
assess both sensory and affective aspects of pain. The POMS was administered before and
15 min after each aerobic exercise session.

Symptoms of body pain were assessed in the postexercise period (i.e., immediately, 24, 48,
72, and 96 h) with the SF-MPQ and the body pain diagram to examine whether there were
exacerbations in pain in the days after the exercise sessions. In addition, any medication
taken within the last 24 h was recorded at the same time points. At the 96-h time point, an
FM-specific patient global impression of change (PGIC) was assessed as recommended by
the U.S. Food and Drug Administration Arthritis Advisory Committee (June 2003).

Statistical analyses

The data for pain thresholds, pain tolerances, peak pain ratings, and mood states were
analyzed with two (conditions: preferred and prescribed exercise) x two (trials: before and
after exercise) repeated-measures ANOVA. Watts, HR, muscle pain, and RPE were
analyzed with two (conditions: preferred and prescribed exercise) x four (time: every 5 min
during 20 min of exercise) repeated-measures ANOVA. In addition, the data for symptoms
of pain (body pain diagram and SF-MPQ) were analyzed with two (conditions: preferred and
prescribed exercise) x six (trials: before and immediately, 24, 48, 72, and 96 h after
exercise) repeated-measures ANOVA. The level of statistical significance was set at a =
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0.05 for all analyses. Effect sizes were computed to detect the magnitude of change using
Cohen’s d (7).

Characteristics of the participants

The women who participated in this study had a mean age of 44 yr (SD = 12), and most of
the participants were Caucasian (90%). The majority of the participants reported taking low-
dose antidepressant medication (71%) and nonsteroidal anti-inflammatory drugs (43%), and
medication usage did not change during the week between conditions. Average weekly
physical activity levels were self-reported, and on average, the individuals performed 1-2 d
of moderate-intensity exercise for 15-30 min per session. Vigorous activity was performed
less frequently with the participants reporting on average doing <1 d of vigorous activity for
<15 min. The average score for the Fibromyalgia Impact Questionnaire for this sample
(mean = 48.3, SD = 14.0) was considered to be representative of an average FM patient (2).

Exercise conditions

Participants completed two exercise conditions consisting of 20 min of cycling at a
prescribed intensity and 20 min of cycling at a preferred intensity. All of the women
completed the 20-min exercise sessions, with the exception of one woman who stopped
cycling at 16 min during the prescribed-intensity exercise session. The results indicated that
the women chose a significantly lower workload in the preferred exercise session in
comparison with the prescribed exercise session. Watts, HR, and RPE responses were found
to be significantly lower (P < 0.05) in the preferred exercise session versus the prescribed
exercise session, and these results are summarized in Table 1. On average, HR during the
prescribed exercise session corresponded to ~62% of age-adjusted maximum. HR during the
preferred session averaged ~45% of age-adjusted maximum. Figure 1 details the prescribed
and preferred watts, along with the associated HR and RPE responses for each individual.
Four individuals chose a higher wattage for their preferred session than was prescribed.
There was good agreement between the changes in watts between the preferred and
prescribed sessions and changes in both HR (r = 0.69, P = 0.001) and RPE (r = 0.65, P =
0.001) responses. Further, responses were not dependent on whether the prescribed or
preferred session occurred first. There were no significant differences in average watts (57.7
+29vs61.4+19, P>0.05), HR (120 + 15 vs 126 + 17, P > 0.05), or RPE (12.0 £ 1.5 vs
12.8 £ 1.5, P > 0.05) between sessions 1 and 2. Thus, the FM participants consistently chose
lower exercise intensities for their preferred session, and this was associated with
appropriate decreases in both physiological (HR) and perceptual (RPE) responses.

Muscle pain in the legs, however, was not found to differ significantly (P > 0.05) between
the preferred and the prescribed exercise sessions. Average muscle pain as assessed on a 0—
10 scale was rated as mild in the preferred-intensity exercise session (mean = 2.0, SD = 0.8),
whereas muscle pain was rated between mild and moderate in the prescribed-intensity
exercise session (mean = 2.4, SD = 0.9).
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Pain thresholds, pain tolerances, and peak pain ratings

The results for pain thresholds indicated a significant increase (F1 oo = 5.222, P = 0.033) in
pain thresholds after exercise. Examination of the effect sizes for the two exercise sessions
indicated that there was a large effect (d = 0.79) for threshold changes after the preferred-
intensity exercise session, whereas the effect size for pain thresholds after the prescribed-
intensity exercise session was small (d = 0.008). The results for pain thresholds are
summarized in Figure 2.

Pain tolerances were also found to increase significantly after exercise (Fq 2o = 6.985, P =
0.016), indicating that the women were able to endure the noxious stimulation for a longer
duration. The magnitude of change after the prescribed-intensity exercise session (10.0 + 44
s, d = 0.20) was comparable to the preferred-intensity exercise session (12.3+39s,d =
0.28).

Peak pain ratings including pain intensity and pain unpleasantness were found to change
after the exercise sessions. Peak pain intensity and peak pain unpleasantness ratings
decreased significantly after the preferred and prescribed exercise sessions (F1 o0 = 11.882,
P =0.003; and F1 o = 16.980, P = 0.001, respectively), and the effect sizes ranged between
0.32 and 0.39. The results for peak pain intensity are summarized in Figure 3.

Pain after exercise

Pain was also assessed in the post-exercise period (i.e., immediately and at 24, 48, 72, and
96 h) to examine whether there were exacerbations in pain after exercise. The results
indicated that pain was not exacerbated after exercise. The number and location of painful
sites as assessed by the body pain diagram did not change significantly (P > 0.05) after
either exercise session. In fact, pain assessed by the MPQ total score was found to be
significantly lower (Fs o5 = 3.506, P = 0.006) after the exercise sessions, and these results
are summarized in Figure 4.

Other results

Mood states

Before each session, participants completed the Tampa Scale for Kinesiophobia to assess
fear of movement and exercise. Results indicated that there was not a significant difference
(P > 0.05) between the preferred exercise session (mean = 33.15, SD = 6.40) and the
prescribed exercise session (mean = 34.90, SD = 6.75). In addition, participants completed
the fibromyalgia-specific PGIC questionnaire on day 4 (i.e., 96 h) after each exercise
session. The results indicated that there were no significant differences in the PGIC scores
between the preferred exercise session (mean = 3.94, SD = 1.03) and the prescribed exercise
session (mean = 4.06, SD = 0.94).

Mood states were assessed with the POMS before and 15 min after each exercise bout.
Results indicated that there were significant improvements in mood after exercise.
Depression, anger, fatigue, and confusion decreased significantly (P < 0.05) after both
exercise conditions. In addition, the total mood disturbance score was found to be
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significantly lower after both exercise conditions in comparison with before exercise (P <
0.05). Results for the POMS data are summarized in Table 2.

DISCUSSION

The purpose of this study was to examine the influence of a preferred- versus a prescribed-
intensity exercise session on pain in women with FM. The results from this study indicated
that the women with FM who participated in the study preferred to exercise at a lower
intensity compared with the prescribed-intensity exercise session, which was based on
recommendations from the American Pain Society (1). HR, watts, and RPE were found to be
significantly lower during the preferred-intensity exercise session in comparison with the
prescribed-intensity exercise session. There is an absence of published research examining
the preferred exertion model of exercise in women with FM; therefore, it is currently unclear
what intensity of exercise is preferred by women with FM to manage pain. The results from
this study indicated that the women chose an intensity approximating ~45% of age-adjusted
maximum and that was rated between light and somewhat hard on Borg’s perceived exertion
scale (mean RPE = 12). These results provide support for the importance of an exercise
prescription based on the individual using a preferred exertion model. If most women with
FM prefer to exercise at an intensity of exercise that is lower than what is typically
recommended, then prescriptions of exercise based on preferred intensity may have a
positive effect on exercise adherence. In addition, using the preferred exertion model allows
individuals with FM to choose the most appropriate intensity of exercise based on the
severity of symptoms and pain experienced before exercise.

The results from this study also indicated that there were significant changes in experimental
pain sensitivity after exercise. Pain thresholds and pain tolerances were found to increase,
whereas pain intensity and pain unpleasantness ratings decreased after exercise. These
improvements in pain were evident after both the preferred- and prescribed-intensity
exercise sessions. Currently, the literature is equivocal regarding whether EIA occurs in
women with FM. There are reports in the literature that FM patients do not experience EIA.
In fact, they become more sensitive to experimental pain stimuli during and after exercise
(i.e., a hyperalgesic response). Mengshoel et al. (32), for example, reported increases in
muscle pain ratings after exercise, which remained elevated 24 h after exercise. Kosek et al.
(25) and Staud et al. (41) also reported increases in pain during exercise in individuals with
FM but opposite effects in healthy controls. In addition, Vierck et al. (46) found that
temporal summation (i.e., wind up) of heat pain was enhanced during maximal exercise in
FM patients in contrast to being significantly diminished in healthy controls. The findings
from the present study are in contrast to these previous studies but are in agreement with two
recent studies. Kadetoff and Kosek (20) reported that deltoid pain thresholds were elevated
in women with FM during isometric exercise performed at a low intensity (i.e., 10%
maximal voluntary contraction (MVC)). Staud et al. (42) reported that brief (~5 min) bouts
of arm ergometry had a hypoalgesic effect for pressure pain thresholds. Moreover, they
reported that clinical pain ratings decreased significantly during the rest periods immediately
after exercise. In addition, there is one dissertation study conducted with women with FM in
which a self-selected exercise session was incorporated along with prescribed exercise
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sessions (17). Results indicated that pain ratings were significantly lower 30 min after both
preferred and prescribed exercises.

There are several potential explanations for the conflicting results across studies, including
patient heterogeneity, type of pain stimulus used, and differences in exercise mode.
However, it seems that studies involving higher exercise intensity and/or eccentric
contractions consistently increase pain sensitivity in FM, whereas those involving low to
moderate intensities without eccentric contractions result in a hypoalgesic response. Vierck
et al. (46) reported increases in pain sensitivity to thermal pain testing in women with FM
after a maximal exercise test. Mengshoel et al. (32) reported that FM patients had increases
in pain after a combination of exercises that included eccentric contractions. In addition,
Kosek et al. (25) and Staud et al. (41) found increases in pain sensitivity during exercise, but
the stimulus involved isometric exercise at intensities higher than that used by Kadetoff and
Kosek (20). The results from the present study indicated that EIA occurred after aerobic
exercise performed at a preferred intensity that was of low intensity (~45% of age-adjusted
max HR) as well as at a moderate intensity at the low end of the American Pain Society
recommendations (~62% of age-adjusted max HR), potentially indicating that the intensity
of exercise is an important consideration in terms of sensitivity of the nociceptive system
and musculoskeletal pain.

Currently, the mechanisms responsible for EIA are poorly understood; however, results from
the animal research indicate that there are multiple analgesia systems including opioid and
nonopioid systems (35,43). The most commonly tested hypothesis for analgesia after
exercise is that EIA is produced by exercise-induced release of endogenous opioids at
peripheral, spinal, and/or central sites capable of pain modulation (19,44). Opioid
antagonists have been found to attenuate the analgesic response after exercise of mild
severity but have not had a consistent effect on analgesia after more severe exercise (34).
However, analgesia that is insensitive to opioid antagonists can also occur, providing
evidence for nonopioid analgesia. The specific neurochemistry of nonopioid analgesia is not
fully understood, but several neurotransmitters, such as serotonin and norepinephrine, have
been implicated. In addition, involvement of N-methyl-D-aspartic acid subtype of excitatory
amino acid receptors have received some attention (26,35). It also has been suggested that
the endocannabinoid hypothesis is a reasonable alternative to the endorphin hypothesis of
EIA (13), but very little research has been conducted. Further research is needed, examining
mechanisms of EIA and whether different analgesia systems are involved in EIA after high-
versus low-intensity exercise and whether these mechanisms differ because of chronic
widespread musculoskeletal pain.

In addition to the changes in experimental pain sensitivity, mood was also found to improve
after both the preferred and the prescribed exercise sessions. This is a novel finding for
short-term studies of exercise in FM and is consistent with the results from several exercise
training studies (6). The overall magnitude of the change in mood was moderate, which is
consistent with meta-analytic data showing that patients with various medical illnesses
including cancer, cardiovascular disease, multiple sclerosis, anxiety, depression, low back
pain, osteoarthritis, and FM become less anxious with exercise (18). When considering these
short-term exercise results in conjunction with the pain sensitivity data, it seems that FM
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patients can reap the same benefits from low-intensity exercise as those achieved by healthy
men and women after moderate- to high-intensity exercise.

Pain was also assessed in the postexercise period (i.e., immediately and 24, 48, 72, and 96 h
after exercise) to examine whether there were exacerbations in pain after exercise.
Collecting measures of pain in the days after an immediate bout of exercise is important for
understanding how much recovery is needed between exercise sessions. There has only been
a limited amount of research conducted examining pain responses in the postexercise period
despite anecdotal reports from women with FM that pain is worse in the days after exercise.
As mentioned earlier, Mengshoel et al. (32) indicated that FM patients reported increases in
pain up to 24 h after exercise. In contrast, Vierck et al. (46) assessed pain at 10 min, 24 h,
and 1 wk after exercise and found that pain was not exacerbated after exercise. The results
from the present study also indicated that pain was not exacerbated after exercise. The
number and location of painful sites did not change in the postexercise period. In fact, pain
(assessed by the MPQ total score) was found to be improved up to 4 d after both the
preferred- and prescribed-intensity exercise sessions.

In summary, women with FM who participated in this study preferred a lower intensity of
exercise compared with a typically prescribed exercise intensity. A preferred exertion model
seems to be as effective as a prescribed-intensity model in reducing pain. Therefore, the
preferred exertion model could be used as an appropriate, and perhaps, a more generalizable
strategy to reduce pain in women with FM, especially because pain and other debilitating
symptoms of FM are highly variable among individuals. It should be acknowledged,
however, that the results from this study may not be representative of all women with FM
and should only be generalized to women with FM who have not been diagnosed with major
depressive disorder. It is concluded that improvements in pain can occur after both a
preferred-intensity exercise session and a prescribed-intensity exercise session (based on the
American Pain Society recommendation (1)). The results from this study are novel and
indicate that recommendations for exercise prescription for individuals with FM should
consider the preferred exertion model of exercise as a strategy to reduce pain.
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FIGURE 1.
Individual responses for watts, HR, and RPE during the prescribed and preferred exercise

conditions. Data plotted on the graph and in the table below each graph represent mean
values for the 20-min exercise session. Seventeen of the 21 participants chose a lower
wattage for their preferred session compared with the prescribed session. Participants 18
through 21 represent the four individuals who chose a higher wattage for their preferred
session compared with the prescribed session. They are denoted on the watts graph (top) by
black-filled data points.
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FIGURE 2.

Means and SE for pain thresholds before and after exercise.
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Means and SE for peak pain intensity ratings before and after exercise.
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FIGURE 4.
Means and SE for the MPQ total in the postexercise period.
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