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Fibromyalgia (FM) is a chronic painful noninflammatory
condition characterized by diffuse pain and multiple areas ten-
der to palpation. Most patients show sleep disturbances and
fatigue, which contribute to increasing disability1,2.

Central changes in pain modulations with increased
peripheral nociception are reported to be relevant in the devel-
opment of symptoms in FM3-9. 

Several studies show nonspecific changes in muscle fibers
in patients with FM, consistent with tissue ischemia attributed
to physical inactivity10-18. These peripheral changes, although
unspecific, might be a factor involved in fatigue and pain
amplification.

Despite widespread acceptance, the hypothesis that
patients with FM are “more sedentary” than normal sedentary
people is based on one study, showing that 80% of patients
were considered below normal levels for maximum oxygen

uptake (VO2max), according to the American Heart Association
(AHA) standards18.

VO2max is extensively used as a measure of cardiorespira-
tory physical fitness. It is the largest oxygen volume uptake by
time unit on breathing atmospheric air during effort, and it is
proportional to the product of heart output by the oxygen arte-
riovenous difference. Ventilatory anaerobic threshold oxygen
uptake (VO2AT), although used less than VO2max, is also a good
physical fitness indicator, and it has the advantage of not
being maximum effort dependent, i.e., it does not depend on
the individual’s will to cooperate19. The anaerobic threshold
can be defined as the largest oxygen uptake reached without
sustained lactacidosis20. It can be measured either directly by
lacticemia dosage or indirectly by analysis of expired gases.
In this case it is called ventilatory anaerobic threshold. It
seems to be more influenced by training than VO2max and rep-
resents a safer intensity for exercise, thus decreasing the risk
of lesions and constituting an important measure for prescrip-
tion of exercise. The anaerobic threshold corresponds to
roughly 60% of VO2max in sedentary individuals and 73% in
trained individuals21.

We undertook this study because of the scarcity of data on
well controlled trials of physical fitness in FM and the absence
of an established measure for physical fitness in FM.

MATERIALS AND METHODS
We studied 50 patients with FM (American College of Rheumatology 1990
criteria) aged between 18 and 60 years. Inclusion was based on the patient’s
willingness to participate. Patients had to be free of any cardiorespiratory,
articular, or neurologic disease that could limit a physical activity or ergo-
metric test. All patients were women and were currently being seen at the out-
patient clinic in the Federal University of São Paulo. All patients had a diag-
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nosis at the time of inclusion, without any previous treatment. Patients taking
analgesics were required to discontinue them 15 days before the test.

Controls were enlisted after a computerized search of healthy sedentary
individuals matched for sex, age, weight, and body mass index (BMI) who
had performed the same tests before initiating any physical activity. We
defined as sedentary that individual who did not take any method of physical
exercise in the most recent 12 weeks. This information was received as an
answer to a direct question.

All individuals submitted to a 13 min maximum spiroergometric test
using a treadmill incremental test protocol, starting with a 3 min warmup peri-
od, on a 3 km/h load, with a 1 km/h increase every minute up to 7 km/h, and
after that, a 2.5% slope inclination increase up to 15%22. The protocol was
adequate for all the patients, i.e., none needed larger loads than those defined
in the protocol to reach either the threshold or the maximum effort. The test
was interrupted at the patient’s request because of dyspnea, pain, or muscle
fatigue. Heartbeat was recorded at the end of each stage.

Expired gas analysis was performed with a computerized metabolic system
— Vista Mini-CPX (Vacumed, Ventura, CA, USA). From this analysis of the
oxygen uptake the following variables were evaluated: ventilation per minute
(VE), carbonic gas output (VCO2), the ventilatory equivalent of oxygen
(VE/VO2) and carbonic gas (VE/VCO2), and the respiratory quotient (RQ).

The highest value obtained in the last load was taken as peak oxygen
uptake (VO2peak). Anaerobic threshold was obtained from the average of the 3
values recorded for the load immediately before that in which the threshold
occurred. The anaerobic threshold was defined by using the following crite-
ria: nonlinear VE elevation, VE/VO2, VE/VCO2, and RQ curves’ inflection
point.

The percentage of oxygen utilization at the anaerobic threshold (%AT) in
relation to maximum uptake (%AT = VO2AT/VO2max × 100) was calculated
because it is a measure directly proportional to physical fitness23. Heartbeat at
the end of each stage and heartbeat maximum were monitored and recorded.

The influence of FM over quality of life was evaluated through a specif-
ic questionnaire, the Fibromyalgia Impact Questionnaire (FIQ)24,25 and a
generic questionnaire, the Medical Outcomes Study Short-Form (SF-
36)24,26,27, administrated by a single interviewer. The SF-36 has 8 scales: phys-
ical functioning, role-physical, bodily pain, general health, vitality, social
functioning, role-emotional, and mental health28. The FIQ is made up of 10
items, from which the total score is calculated. Pain was measured through the
“pain” domain of SF-36 and FIQ-14.

Cardiorespiratory fitness levels were compared to those in the American
Heart Association VO2max table and VO2max and VO2AT tables of the Center for
Physical and Sports Medicine (CEMAFE), obtained from normal sedentary
Brazilian individuals21.

All the patients read and signed the consent terms. The institution’s Ethics
Committee approved the study.
Statistics. To compare the groups we used Student’s t test for independent
variables. Data were tested for normal distribution (Kolmogorov-Smirnov
nonparametric test) and to check if variances were equal (Levene’s nonpara-
metric test). In all tests, the significance level was α = 0.05. For those vari-
ables presenting non-normal distributions we used the Mann-Whitney test.

The correlation of quality of life and VO2max and VO2AT was evaluated
through multiple linear regression analysis. The software used was SPSS,
release 8.0.

RESULTS
Both groups were adequately matched for age, weight, and
BMI values. There was a significant difference between the
control and FM groups related to all spiroergometric vari-
ables. The VO2max and VO2AT were lower in the FM group
compared to controls. Maximum and threshold heartbeat rates
were higher in the control group. The percentage of oxygen
utilization at the anaerobic threshold in relation to maximum
uptake (%AT) was higher in the FM group (Table 1).

Eleven patients and 25 controls reached the maximum esti-
mated heartbeat rate for their age. In other words, only 22% of
the patients with FM reached maximum test value. All
patients in both groups reached the anaerobic threshold load.
At the end of the test, heartbeat rate was elevated close to 97%
of the estimated value in the controls and 75% in the patients
with FM. This difference was significant (p < 0.001).

Linear regression analysis showed that, among the quality
of life variables studied, only the role-physical scale of the
SF-36 correlated to the maximum oxygen uptake (Figure 1).
No scale of either SF-36 or FIQ correlated with the VO2AT.

According to the AHA values, 46% of the patients with FM
were below the mean levels for physical fitness. In the
Brazilian population normality table for maximum oxygen
uptake and anaerobic threshold, more than 80% were below
the mean level (Table 2).

Patients with physical fitness below average (weak and
very weak) presented worse results in both FIQ scores and the
SF-36 role-physical scale than those with excellent, good, or
fair fitness level (Table 3). There was no statistically signifi-
cant difference for the other SF-36 scales. Using Brazilian
normality criteria there was no difference for VO2max and
VO2AT among groups with fitness levels either above or below
average.

DISCUSSION
Several authors consider physical fitness a factor involved in
FM pathogenesis29-31. There is evidence that physical activity
can modulate pain in FM. Sleep deprivation leads to myalgia
among normal individuals, but not among athletes29; exercise
programs have beneficial therapeutic effects31 and regular
physical activity was related to less intensity of symptoms32.
Although Bennett, et al found that 80% of patients with FM
present low aerobic fitness18, they did not observe any differ-
ence for VO2LA, probably because they used a matched con-
trol population for that of VO2max. Sietsema, et al found no
difference between FM and sedentary control individuals
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Table 1. Demographic and spiroergometric data, means ± standard devia-
tion.

Control Fibromyalgia p
(n = 50) (n = 50)

Age, yrs 41.35 ± 8.49 41.2 ± 9.43 0.93
Weight, kg 65.4 ± 10.81 64.10 ± 12.90 0.58
BMI, kg/m2 25.3 ± 4.43 25.81 ± 4.98 0.58
VO2max, ml/kg/min 30.77 ± 5.56 25.64 ± 5.21 0.000001
VO2AT, ml/kg/min 18.74 ± 3.86 16.35 ± 2.94 0.001
HRmax, bpm 174.07 ± 13.22 168.48 ± 13.67 0.04
HRAT, bpm 140.14 ± 14.83 133.20 ± 14.63 0.01
%AT 61.22 ± 7.75 64.98 ± 10.8 0.04

VO2max: maximum oxygen uptake (ml/kg/min), VO2AT: anaerobic threshold
oxygen (ml/kg/min), HRmax: maximum heartbeat rate (bpm), HRAT: anaer-
obic threshold heartbeat (bpm), %AT: VO2LA/VO2max, BMI: body mass
index.
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using VO2peak and VO2LA
33. They included men in their sam-

ple. Even though this was a controlled study, the sample was
very small.

Our study verified a statistically significant difference
between FM individuals and sedentary controls in both maxi-
mum oxygen uptake and anaerobic threshold averages. This
confirms and quantifies the low cardiorespiratory fitness level
in patients with FM in relation to normal sedentary individu-
als.

Heartbeat is not a good physical fitness measure because it
is very variable among individuals. However, the maximum

heartbeat rate is a good indicator of maximum effort. In our
study, only 22% of patients performed at maximum effort.
Therefore, the oxygen uptake value reached at the end of the
examination must be considered as VO2peak and not as VO2max.
All the patients in both groups reached the anaerobic thresh-
old load. Thus the anaerobic threshold is a more reliable index
than the maximum uptake in patients with FM. The heartbeat
at threshold or at any load immediately below this threshold
indicates a training intensity adequate to gain cardiorespirato-
ry fitness, with a lower risk of lesions and with higher adher-
ence.

It is not clear if this VO2peak and VO2AT decrease happens as
a consequence of reduction of daily physical activity caused
by fatigue and pain34. Probably the muscle metabolism is not
primarily altered. Women with FM show worse physical per-
formance35 and functional limitation in daily physical activi-
ties24, and many of them complain about pain worsening some
days after exercises36, thus feeding the pain/low fitness cycle.

Our study revealed a weak correlation between VO2max and
SF-36 (role-physical). This scale in the SF-36 questionnaire
evaluates problems with work or other daily activities as a
result of physical health. This suggests that individuals with
more difficulties performing physical activities are those
unable to reach a maximum test condition. We found no cor-
relation between anaerobic threshold and role-physical or any
other scale of SF-36 or FIQ. The weak correlation found
between SF-36 “role-physical” and the VO2peak, but not the
VO2AT, allows us to conclude that FM is a more complex syn-
drome than simple metabolic or sensorial disorders, showing
an important compromise of behavioral and cognitive func-
tions.

Our study does not show any relationship between aerobic
physical capacity and pain level evaluated by the bodily pain
scale of both SF-36 and pain FIQ. This result agrees with the
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Figure 1. Correlation between SF-36 physical aspects domain (AF) and maximum oxygen uptake (VO2max). VO2max

= 24.243 + 0.05764 × AF; correlation, r = 0.341.

Table 2. Rate distribution of FM patients’ aerobic fitness according to the
American Heart Association (AHA) and Sports and Physical Medical
Center–CEMAFE (Brazilian normal standards).

Classification VO2max VO2max VO2AT

AHA,% CEMAFE,% CEMAFE,%

Very weak 10 58 50
Weak 36 28 28
Regular 44 6 12
Good 10 4 8
Excellent 0 4 2

Table 3. Comparison of SF-36 physical aspects domain and Fibromyalgia
Impact Questionnaire (FIQ) scores between FM patients with above and
below regular aerobic fitness level using American Heart Association crite-
ria.

Role Physical, SF-36 Total FIQ

Up (n = 27) 33.92 ± 32.78 4.45 ± 1.34
Below (n = 23) 12.5 ± 25.0 5.37 ± 1.33
p 0.006 0.02

SF-36: Short Form Health Survey.
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evidence that pain intensity is not related to physical limita-
tion and dysfunction.

On grouping the patients with physical fitness levels below
average levels, using maximum oxygen uptake criteria, we
observed that these individuals presented worse scores for
total FIQ and the role-physical scale of the SF-36, compared
to individuals classified as above the average levels. We
should take into consideration that correlating variables by
group is only a rough way to observe a tendency, therefore
these results must be carefully examined. Neither could we
observe any difference in the instruments for quality of life
among individuals either above or below average levels, using
anaerobic threshold uptake criteria. This reinforces the
impression that a worse effect on quality of life is not related
to the cardiorespiratory fitness level.

Threshold heartbeat was lower in the FM group. This
might be explained by an impaired regulation of the auto-
nomic nervous system37,38. We did not apply concomitant tilt
test studies in the patients, thus it was impossible to verify this
hypothesis.

The %AT is directly proportional to aerobic fitness. So the
more fit the patient is, the closer to the VO2max his/her VO2AT
should be. Paradoxically, the %AT was higher in patients with
FM. This result could be due to underestimated VO2max values
consequent to submaximal effort test.

In accord with AHA criteria, 46% of patients with FM were
below the average levels for cardiorespiratory aptitude. This
percentage was higher (86%) using the Brazilian reference
values, both for maximum uptake and for anaerobic threshold
uptake. This difference can be explained by the population
differences for weight, cultural habits, and physical activity
level between the 2 populations. Thus we assume the more
reliable result is obtained using the Brazilian reference values,
which are in agreement with the world literature18.

In summary, our results confirm the hypothesis of lower
physical fitness in patients with FM. Considering that patients
with FM do not usually achieve a maximum effort, the anaer-
obic threshold should take into consideration a better fitness
index than VO2max. The classification of physical fitness might
be useful for better understanding of FM subgroups, leading
to better treatment protocols.
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