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Abstract The aim of this study is to investigate relation

between cardiopulmonary performance and muscular

microcirculation in patients with fibromyalgia syndrome

(FMS). Twenty-one female sedentary patients who were

diagnosed as FMS, and 15 sedentary females were enrolled

in to the study. All participants underwent a modified

Bruce multistage maximal treadmill protocol with meta-

bolic measurements and Near-Infrared Spectroscopy mea-

surements. Exercise sessions were performed 3 times a

week for 8 weeks. The results of the study suggest that

cardiopulmonary system in charge of delivering oxygen to

whole body and muscular microcirculation may have

dysfunction in patients with FMS.
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Introduction

Fibromyalgia syndrome (FMS) is a chronic disease, char-

acterized by disseminated body pain, exercise intolerance,

and fatigue [1]. Decreased exercise capacity may initially

be found in patients with FMS due to a possible mechanism

which includes phosphorylation potential in skeletal mus-

cle during rest and exercise stages [1–3]. In addition, they

reported a lower dynamic muscular endurance and related

daily physical activity level in FMS and that low muscular

capacity may originate from both central and peripheral

issues [4].

Several authors also emphasize the importance of

redistributions of microcirculation in muscles in patients

with FMS [1, 5, 6]. Although it is known that better clinical

findings and disappeared symptoms in patients with FMS

were obtained from aerobic exercises prescribed for treat-

ment; yet exact mechanism remains unclear. Hence, the

aim of this study is to investigate the relation between

cardiopulmonary performance and muscular microcircula-

tion in patients with FMS.

Materials and methods

Twenty-one female sedentary patients, who were referred

to our outpatient clinic and were diagnosed as FMS

depending on FMS diagnosis criterion of American Col-

lege of Rheumatology, and 15 sedentary females, who do

not regularly exercise, were enrolled into the study. The

patients who included into the study were newly diagnosed

and did not intake any drug.

Individuals with major disease which may prevent

exercise therapy and measurements (cardiac failure or late

phase pulmonary disease), with endocrine diseases which
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may affect FMS symptoms, with high-grade mechanical or

degenerative disorders which may prevent tests and exer-

cise therapy, with inflammatory rheumatoid disease history

and patients with social and psychiatric cohesion disorder

which may compromise compatibility to exercise program

were not included in the study.

All patients and controls participating to the study were

informed verbally and in writing before initiation of the

study and each patient were instructed to fill and undersign

informed consent. Approval of local ethics committee for

the study was obtained.

All participants underwent a modified Bruce multistage

maximal treadmill protocol with metabolic measurements.

The exercise was discontinued due to fatigue, symptoms,

or other criteria. Oxygen uptake was measured breath-by-

breath using a metabolic chart (Metalyzer 3B, Cortex). The

mean value of the peak oxygen uptake (VO2) was deter-

mined from the final 10 s of the test and was expressed as

ml/kg/min.

A continuous wave NIRS device (Niroxcope 201, Bio-

photonics Laboratory, Bogazici University) containing

multiple source-detectors (optodes) was used and the probe

was placed on the subjects’ lower half of the left forearm.

Arterial blood flow was restricted by placing a tourniquet

on the upper arm at a pressure of 250 mmHg for 5 min

after a 3-min baseline measurement, and then post-ische-

mic measurement was taken after pre- and after exercise

training. In both rest and post-ischemic traces, measured

signals were concentration changes of oxyhemoglobin

(D[HbO2]), deoxyhemoglobin (D[Hb]) from resting

state level as well as oxygenation signal (D[OXY] =

D[HbO2] - D[Hb]). In the post-ischemia period, concen-

tration change between minimum and maximum points

was taken as the full range and time to reach half of the

95% of the full range was calculated as the recovery half-

time (t1/2) [7, 8]. An average recovery half time for each

person was calculated individually for D[Hb] (t1/2,Hb),

D[HbO2] (t1=2;HbO2
) and D[OXY] (t1/2,OXY) from detectors

which provided good signal quality. The variability of

subsequently measurements was lower than 3.7%.

At the baseline and 8 weeks follow-up assessments, all

patients underwent a functional evaluation, which included

clinical evaluation and exercise testing. After the initial

evaluation, patients were assigned to the training. Exercise

sessions were performed three times a week for 8 weeks at

60–75% of the peak VO2 measured in the initial exercise

test.

Summary statistics for each variable collected include

mean ± SD and confidence interval for continuous vari-

ables or frequency tables for categorical variables. All

parameters in different groups were tested by two-sided

with a significance level of 0.05 unless otherwise noted.

For each outcome parametric measure, significance of

change from entry to exit test was evaluated using paired

t test to compare unadjusted outcomes.

Results

Among 21 patients in the study group, 6 individuals could

not complete regular exercise program due to various

reasons. Statistical analysis included 15 patients and 15

healthy individual, who had completed the study. Before

and after 8 weeks aerobic exercise program, subjects’

characteristics, peak VO2, NIRS parameters were shown in

Table 1 and Fig. 1.

Discussion

There is scarce information about effects of aerobic exer-

cise therapy applied to patients with FMS on cardiopul-

monary and microcirculation parameters. Significant

increase in peak VO2 at completion of exercise therapy

together with significant difference between initial peak

VO2 in patients with FMS. The progressions of clinical

Table 1 Aerobic exercise capacity, scales, and NIRS parameters in patients and controls before and after the exercise program

Patients Controls p1 value p2 value

Before After

Peak VO2 24.5 ± 2.4 26.0 ± 2.5 27.73 ± 3.41 \0.01 0.02

VAS-pain (mm) 56.00 ± 10.04 37.67 ± 10.70 15.53 ± 12.67 \0.001 \0.001

VAS-fatigue (mm) 57.07 ± 17.29 43.73 ± 12.89 22.33 ± 14.54 \0.001 \0.001

t1/2,Hb (s) 12.65 ± 1.77 12.64 ± 1.77 11.96 ± 2.96 0.07 0.52

t1=2;HbO2
(s) 12.78 ± 2.50 10.95 ± 1.90 9.97 ± 2.44 0.12 \0.01

t1/2,OXY (s) 12.64 ± 1.98 12.18 ± 1.90 11.19 ± 1.69 0.07 0.67

VO2, peak oxygen uptake; t1/2,Hb, t1/2,OXY, t1=2;HbO2 , recovery half times for deoxyhemoglobin, oxyhemoglobin, and oxy, subsequently; VA, Visual

Analogue Scale; p1 values for patients versus controls, p2 values for before- versus after-exercise training
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findings were also changed in parallel with increased

aerobic exercise capacity. Similarly, Wigers et al. [9]

instructed whole body aerobic exercise at 60–70% of

maximum heart rate for three times a week along 14 weeks

and they consequently reported that decrease in pain per-

ception and in number of sensitive points were present in

conjunction with improvement in aerobic capacity. In

addition, Martin et al. [10] reported that slight increase in

aerobic capacity together with improvement in number of

sensitive points and pain scores were experienced in aer-

obic walking exercise group in comparison with relaxation

treatment.

In the study, although we found that increased peak VO2

and changed oxygen kinetics at tissue level in response to

aerobic exercise, the exact mechanism on how clinical

findings are affected by increasing exercise capacity is not

known. Recently, a mechanism is proposed where there is a

peripheral effect of nitric oxide on muscular microcircu-

lation with an increase in aerobic capacity [11]. Role of

muscular microcirculation changes related to oxidative

stress and nitric oxide in FMS etio-pathogenesis is still

debated [8, 12, 13]. In addition, there was no significant

difference between FMS and control groups in all NIRS

measurements; however, we found that the recovery half

times of oxygen turnover kinetics in patients with FMS

were longer than those of controls. We speculated that

these results might show impairment of both the central

and the peripheral oxygen kinetics in patients group. When

initial recovery half times of control group and patients

who had completed exercise program were compared, the

recovery half times were getting shorter together with

changing of aerobic exercise capacity and clinical param-

eters. The key point to note is that ischemia associated with

a modest decline in tissue oxygen causes muscle fatigue

[14]. Ischemia leading to reduction in muscle oxygenation

causes decreased muscle force production [14]. In a study

conducted on chronic fatigue syndrome, which has

possibly same etio-pathogenetic pathways with FMS and

which frequently associates with FMS, microcirculation

parameters obtained by NIRS and other methods were

examined [15].

In conclusion, shortening in NIRS measurements may

show an improvement of impaired oxygen turnover in

patients with FMS when initial and completion recovery

half times are compared at the end of the 8-week aerobic

exercise program. The results of the study, which investi-

gated cardiopulmonary measurements and microcirculation

values of patients, suggest that cardiopulmonary system in

charge of delivering oxygen to whole body and muscular

microcirculation may be dysfunctional in patients with

FMS. The beneficial effects of exercise might be related to

the changes of oxygen kinetics in both cardiopulmonary

and muscular level.
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2. Mengshoel AM, Förre Ö, Komnaes HB (1990) Muscle strength

and aerobic capacity in primary fibromyalgia. Clin Exp Rheu-

matol 8:475–479

3. Lund E, Kendall SA, Janerot-Sjoberg B, Bengtsson A (2003)

Muscle metabolism in fibromyalgia studied by P-31 magnetic

resonance spectroscopy during aerobic and anaerobic exercise.

Scand J Rheumatol 32:138–145

4. Jacobsen S, Danneskiold-Samsoe B (1992) Dynamic muscular

endurance in primary fibromyalgia compared with chronic

myofascial pain syndrome. Arch Phys Med Rehabil 73:170–173

5. Lindman R, Hagberg M, Bengtsson A et al (1995) Capillary

structure and mitochondrial volume density in the trapezius

muscle of chronic trapezius myalgia, fibromyalgia and healthy

subjects. J Musculoskel Pain 3:5–22

6. Lindh M, Johansson G, Hedberg M et al (1995) Muscle fiber

characteristics, capillaries and enzymes in patients with fibro-

myalgia and controls. Scand J Rheumatol 24:34–37

7. Chance B, Dait MT, Zhang C et al (1992) Recovery from exer-

cise induced desaturation in the quadriceps muscles of elite

competitive rowers. Am J Physiol 262:766–775

8. Dinler M, Kasikcioglu E, Akin A et al (2007) Exercise capacity

and oxygen recovery half times of skeletal muscle in patients

with fibromyalgia. Rheumatol Int 27:311–313

9. Wigers SH, Stiles TC, Vogel PA (1996) Effects of aerobic

exercise versus stress management treatment in fibromyalgia.

A 4.5 year prospective study. Scand J Rheumatol 25:77–86

10. Martin L, Nutting A, Macintosh BR et al (1996) An exercise

program in the treatment of fibromyalgia. J Rheumatol 23:1050–

1053

11. Sackner MA, Gummels EM, Adams JA (2004) Say NO to

fibromyalgia and chronic fatigue syndrome: an alternative and

complementary therapy to aerobic exercise. Med Hypotheses

63:118–123

12. Morf S, Amann-Vesti B, Forster A et al (2005) Microcirculation

abnormalities in patients with fibromyalgia measured by capillary

microscopy and laser fluxmetry. Arthritis Res Ther 7:209–216

13. Kasikcioglu E, Dinler M, Berker E (2006) Reduced tolerance of

exercise in fibromyalgia may be a consequence of impaired

Fig. 1 The NIRS parameters in patients group before and after the

exercise program

Rheumatol Int

123



microcirculation initiated by deficient action of nitric oxide. Med

Hypotheses 66:950–952

14. Murthy G, Hargens AR, Lehman S et al (2001) Ischemia causes

muscle fatigue. J Orthop Res 19:436–440

15. McCully KK, Smith S, Rajaei S et al (2004) Muscle metabolism

with blood flow restriction in chronic fatigue syndrome. J Appl

Physiol 96:67–72

Rheumatol Int

123


	Effect of aerobic exercise training on oxygen uptake and kinetics in patients with fibromyalgia
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


