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Patients with Fibromyalgia Benefit from Aerobic Endurance Exercise
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Abstract: Fibromyalgia (FM) is adisorder characterised
by diffuse widespread musculoskeletal aching and
stiffness and multiple tender points [1]. Its pathophysiol-
ogy is poorly understood. The influence of aerobic
endurance exercise on pain in patients with FM was
investigated. Twenty-seven patients (25 female, 2 male)
participated in a controlled clinical study and performed
12 weeks of jogging, walking, cycling or swimming
following a given schedule. Twelve sedentary FM
patients (11 female, 1 male) served as controls. Before
and after training both the study and the control groups
were evaluated spiroergometrically. Tender point pain
was quantified by dolorimetry. The painful body surface
was estimated by a pain body diagram, and its intensity
by a visual analogue scale and a ranking scale. Patients
trained for an average of 25 min two to three times a
week, with an average intensity of 50% of maximal
oxygen uptake (VOosmax). Unlike the control group, the
training group exhibited a decrease in heart rate and VO,
and an increase in respiratory quotient during submax-
imal workload. Maximal performance capacity and
VOomax remained unchanged, whereas the wattpulse
(watt/heart rate) improved at maxima workload. Pain
parameters remained unchanged in the control group, but
in the training group the mean number of positive tender
points (15.4/12.7), the mean pain threshold of the gluteal
tender point (2.89 kp/3.50 kp) and the painful body
surface (18%/15% body surface) decreased significantly.
Subjective general pain condition deteriorated in two
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patients but improved in 17. Our results suggest a
positive effect of aerobic endurance exercise on fithess
and well-being in patients with FM.

Keywords. Exercise; Fibromyalgia; Metabolism

| ntroduction

Fibromyalgia (FM) is characterised by chronic muscu-
loskeletal pain and is clinically defined by the ACR
criteria established in 1990 [1]. Different central and
peripheral, but mainly muscular, abnormalities have
been suggested to contribute to the aetiopathogenesis of
FM. Light and electron microscopic investigations of
FM muscle biopsies revealed non-specific type Il fibre
atrophy, a moth-eaten appearance, rubber bands and
ragged-red fibres [2-9]. Several findings link FM pain to
local muscle ischaemia and tender points. Biochemical
investigations show that low levels of high-energy
phosphates [10,11], low concentration of cellular
oxidative enzymes [12] and a diminished local muscular
glucose metabolism [13] are associated with FM. Tender
points (TP) in FM have been shown to be hypoxic [14]
and muscular blood flow was found to be low [15]. The
theory of muscular ischaemiais, however, questioned by
findings of elevated tissue oxygen pressure in paraspinal
muscles of FM patients [16]. Furthermore, some
investigators have observed no abnormalities in mus-
cular oxygen metabolism [17] but have found impaired
muscle relaxation [15]. One common characteristic of
FM patientsislow physical fithess owing to poor aerobic
performance capacity [18-22]. Furthermore, muscular
deconditioning and microtrauma have been suggested as
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a direct cause of FM [23], which led us to investigate
whether FM might be improved by aerobic endurance
exercise [24,25].

Materials and Methods

Over a 1-year period 76 patients were diagnosed with
FM in our rheumatology clinics. Of these, 33 (29 female,
4 male) chose not to participate in the study. Eventually
31 participants (29 female, 2 male) were subjected to a
3-month aerobic endurance exercise; 27 (25 female, 2
male) completed the study. Twelve patients (11 female,
1 male) maintained their usual lifestyle and served as
sedentary controls (Table 1). This group showed a
motivation level similar to the members of the training
group, as they all started training according to the same
schedule after participating in the study.

Table 1. Anthropometric data (mean + SD)

Non-participants  Participants Controls
n=33 n=27 n=12
Age (yrs) 47 (+10) 45 (+10) 49 (£7)
Height (cm) 167.4 (+85) 166.3 (+7.4) 166.9 (£5.6)
Weight (kg) 69.5 (+10.5) 64.5 (+8.9) 74.3 (+8.2)
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HR = heart rate; LA = lactic acid concentration, VO2 = oxygen uptake,
VCO2 = carbondioxide emission

Fig. 1. Spiroergometry, training group, within 1 week before and after
training.
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Within 1 week before and after the training period the
diagnosis of FM was established according to the ACR
criteria [1]. We also quantified the pain threshold of all
18 TP with a Fischer dolorimeter [26]. Pain threshold
values, including negative TP, were rated in kp in order
to calculate averages. All participants marked their pain-
affected areas using a body diagram, which permitted
registration of pain spreading as a percentage of body
surface [27]. The participants rated their subjective pain
level on a visual analogue scale (VAS) [28]. They aso
recorded their subjective general pain condition on a
ranking scale (+ 3 = much better/worse, + 2 = better/
worse, + 1 = some better/worse, 0 = unchanged).

Within 1 week before and after training dll
participants completed a spiroergometric evaluation on
an electromagnetic braking revolution-independent bi-
cycle ergometer (Excalibur, Lode). Workload started at
25 W and was increased in 25 W intervals every 2
minutes until volitional exhaustion. Over the course of
the test ventilation and breath gases were analysed with a
spirometric device (Oxycon Sigma, Mijnhardt).

Lactic acid concentration (LA) was enzymaticaly
analysed from a 50 ul blood sample taken from a
hyperaemic earlobe at the end of each workload interval.
Heart rate (HR) was recorded by ECG. The data on each
workload level up to 100 W (Fig. 1) and at maximum
performance were analysed.

Training

The training programme was designed to provide
patients with a simple schedule for self-managed
domestic training. Training disciplines are walking,
jogging, cycling and swimming. The members of the
training group were advised to choose their own training
schedule within the limits of the given protocol (Table
2). During the first half of the 12-week training period
and aerobic intensity was increased every 2 weeks

Table 2. Training programme

Level Week  Walking  Jogging Cycling Swimming
(min) (min) (min) distance (m)

1 1+2 2 x 15 2 x 15 2 x 30 2 x 50
3+4 3x15 3 x 15 3 x 30 2 x 50
5+6 3x20 3 x 15 3 x 30 2 x 75
7-12 3 x 30 3 x 20 3 x 40 2 x 100
ormore  or more  Or more  Or more

2 1+2 3x20 2 x 20 2 x 30 3 x 50
3+4 3x 25 3x 20 3 x 30 3x 75
5+6 4x30 3 x 20 3 x 40 3 x 100
7-12 4 x 40 3 x 30 3 x 50 3 x 125
ormore  ormore  Or more  Of more

3 1+2 4x 20 4 x 15 3 x 30 3 x 100
3+4 4 x30 4 x 20 4 x 40 3 x 150
5+6 4 x 40 4 x 30 4 x 50 3 x 200

7-12 4 x 50 4 x 30 4 x 60 3 x 250
ormore  ormore  Or more  Or more
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through the use of longer or more frequent training
sessions. The second half of the study maintained a
constant schedule.

Patients were advised to maintain regular training
patterns and times without intermittent resting. Accord-
ing to their individual fitness (history of sport,
ergometric performance) all patients were alowed to
enter the study at an exercise level they felt able to
accomplish. In order to estimate the real training
workload, patients recorded each training session and
their HR at the end of training. The patients in the
control group kept to their regular lifestyle.

Satistics

Dolorimetric and spirogerometric pre- and post-test data
were analysed using the Wilcoxon test. Anthropometric
parameters were tested with the Whitney test. The rank
scale was computed using Wilcoxon's single sample
test. All calculations were done with the statistical
program SPSS for Windows (SPSS Inc., 1993-97).

Results

The anthropometric data (Table 1) between the patient
groups showed no significant differences.

Training

Three patients did not fulfil the required training,
executing either too-short training sessions, or sessions
with inadeguate intensity (HR <100/min), and were
excluded from the analysis, as was a fourth patient who
suffered from an upper respiratory tract infection at the
time of the second spiroergometry. The remaining 27
individuals exercised at an average of two to three
training units per week, with a duration of 20-30
minutes. Their mean training HR was 115/min. At the
spiroergometric testing this corresponded to an average
of 50% maximal oxygen uptake (VOoma) and an
average of 1.4 mmol/l LA. Therefore training intensity
has to be rated moderate [29,30]. Among the different
training disciplines 42% of training time was spent
cycling, 39% jogging and walking and 19% swimming.

Table 4. Dolorimetry: pain threshold (mean + SD)
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Table 3. Spiroergometry at volitional exhaustion (mean + SD)

Patients p
Before training After training
Performance (W) 122.92 (+31.25) 128.30 (+36.88) ns.
HR (/min) 161.85 (+20.61) 159.19 (+19.05) ns.
WP (Watt/HR) 0.76 (+0.17) 0.81 (+£0.17) <0.01
LA (mmol/l) 5.69 (+2.23) 5.76 (+2.13) n.s.
VO, (ml/min*kg) 29.43 (+7.40) 28.24 (+7.64) ns.
Controls p
Examination 1 Examination 2
Performance (W) 112.3 (+12.3) 114.7 (+9.2) n.s.
HR (U/min) 15443 (+£10.77) 15243 (+1115) ns.
WP (Watt/HR) 0.73 (+0.19) 0.75(+019) ns.
LA (mmol/l) 5.29 (4+1.86) 5.65 (+1.19) n.s.
VO, (ml/min*kg) 24.59 (+6.74) 25.30 (+4.93) n.s.

Hr, heart rate; LA, lactic acid concentration; VO,, oxygen uptake;
WP, Wattpulse. Measurements were done within 1 week before and
after training.

Training did not result in improved maximal
ergometric performance (Watt max), but we found
improved values for the Wattpulse (Watt/heart rate) at
maximal workload (p<0.01) (Table 3). After training HR
a rest remained almost unchanged (81.17 bpm/80.48
bpm). The mean LA at equal submaxima workload
levels only showed atrend to lower levels, but the mean
HR decreased significantly by 6 bpm (p<0.05) (Fig. 1).
Mean VO, was significantly (p<0.05) lower after
training (48 ml/min), whereas VCO, remained un-
changed (Fig. 1), resulting in a significant (p<0.05) rise
(0.07) of the mean respiratory quotient (RQ = VCO./
VO,). Within the sedentary control group there was no
statistical change in any parameter during the course of
the study.

Pain

Four patients in the training group did not meet the ACR
criteria after completion of the full training programme,
but two of them demonstrated a distinct subjective
improvement in their general pain condition. Training
significantly (p<0.01) decreased the mean number of
positive TP, but in five patients TP number increased

Patients Controls

Before training After training p Examination 1 Examination 2 p
TP (kp) 2.45 (+£0.77) 263 (+1.14) ns. 2.34 (+£0.76) 2.30 (+0.78) n.s.
Number of TP 15.41 (+2.27) 12.74 (+4.77) 0.01 15.66 (+2.39) 15.33 (+2.74) n.s.
VAS 5.38 (+2.0) 5.13 (+2.53) n.s. 573 (+1.97) 5.03 (+1.77) n.s.
Body surf (%) 18.69 (4-9.83) 14.97 (+9.1) 0.05 25.63 (+12.20) 19.20 (410.81) n.s.

TP, tender point; VAS, visua analogue scale; body surf (%), percentage of pain-affected body surface. Measurements were done within 1 week

before and after training.
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Table 5. Pain threshold values (average of left and right body side, mean 4+ SD) and number of positive thresholds (<4 kp) of individual bilateral

TP sites in 27 patients of the training group

TP — thresh. TP — thresh. Pos. TP Pos. TP

Before training After training Diff. p Before After p
Occiput, bilat. 2.6 (+1.20) 2.6 (+1.26) 0 ns. 52 48 ns.
Low cervical, bilat. 2.02 (+0.7) 1.98 (+0.92) —0.04 n.s. 54 54 n.s.
Trapezius, bilat. 213 (+0.71) 2.18 (+1.03) 0.05 n.s. 54 50 n.s.
Supraspinatus, bilat. 25 (+£1.02) 263 (+141) 0.13 ns. 53 46 ns.
Second rib, bilat. 1.96 (+1.09) 228 (+1.24) 0.32 ns. 53 48 ns.
Lateral epicondyle, bilat 271 (+1.45) 3.02 (+1.58) 0.31 n.s. 45 42 ns.
Gluted, bilat. 2.89 (+14) 35(+1.82) 0.61 <0.01 48 42 ns.
Greater trochanter, bilat. 2.79 (+£1.07) 3.18 (+1.56) 0.39 n.s. 46 43 n.s.
Knee, bilat. 244 (+9.3) 2.32 (+0.99) —-0.12 n.s. 52 47 ns.

Measurements were done within 1 week before and after training.

(Table 4). The mean pain threshold of the 18 TP per
person did not change significantly after training (Table
4). The VAS score aso remained unchanged. Interest-
ingly, we found a significantly decreased pain threshold
for the gluteal TP after training (p<0.01), whereas other
eight sites showed no significant change (Table 5). The
painful body area also decreased significantly after
training (p<0.05).

Seventeen individuals in the training group showed a
substantial (p<0.05) subjective pain improvement on the
ranking scale (2 x +3,7 x +2, 10 x +1); eight in the
group remained unchanged, whereas one felt —1 and
one —2. One patient in the control group felt +2, three
+1, one —1 and seven remained unchanged.

Discussion

Our aim wasto test whether pain in FM patients could be
improved by aerobic endurance exercise. By using a
guided but self-managed training programme we aimed
to motivate the patients [31], providing an easy schedule
and circumstances under which they felt comfortable.
The training instructions aimed at achieving a moderate
training intensity in consideration of their individual
performance capacities [30].

The training schedule was successful as it improved
the aerobic fitness of the patients. It lowered the mean
HR and VO, at submaxima workload levels as a result
of adaptation, and improved performance economy. It
also improved the Wattpulse (Watt/HR) after training at
maximal workload. Exercise had no serious side-effects
and resulted in a positive influence on patient wellness,
TP count and painful body area.

Several hypothesis may explain our observations.
Patients apparently perceive that pain is caused by strain
[23], which prompts them to avoid any exercise causing
more pain. In contrast, we found that more than half the
patients were not only highly motivated to participate in
a guided exercise programme, but also were able to
complete a training schedule of moderate intensity. Our

controlled exercise programme might therefore break
through a vicious cycle of pain, perpetuating a lack of
physical activity, related depression and more pain.

Different studies show that FM pain is influenced by
seep [32-34], therefore better sleep, improved by
regular exercise [35], might contribute to pain reduction.

A better loca muscular blood flow [29] and less
susceptibility to muscular microtrauma as a result of
regular training [36], might also improve symptomatic
pain. FM patients show an impaired loca glucose
metabolism [13]. In healthy subjects insulin secretion,
glucose uptake and metabolism are increased by
moderate exercise [37]. The training of our patients
was characterised by relatively short sessions of 20-30
minutes duration, leading to predominant carbohydrate
metabolism during exercise. Therefore, training in-
creased RQ measured during the spiroergometry,
indicating improved glucose utilisation. This adaptation
possibly improves impaired muscle relaxation by
increasing cellular ATP levels.

Disciplines that predominantly train the lower
extremities (cycling, walking, jogging) where chosen
by 81% of patients. Accordingly, we found a decreased
pain threshold only for the gluteal TP. This may aso
support the hypothesis of a training-dependent metabolic
effect on pain in FM patients. FM patients benefit from
regular aerobic endurance exercise with moderate
intensity, asit has no apparent negative effects, improves
physical fitness and pain symptoms, and maybe aso
selfconfidence. Further investigations will am at
optimising the training programme and its intensity.
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