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AbstrACt
Introduction The main symptom of fibromyalgia (FM) is 
diffuse pain. There is currently no aetiological treatment 
for FM. However, all pain associations and best practice 
guidelines strongly advocate the practice of aerobic 
physical activity to improve the symptoms of FM subjects. 
The mechanisms of dysfunctional pain are mostly central 
and related to stress axis dysfunction (autonomic nervous 
system and corticotropic axis). Our main objective is to 
assess the efficacy of a specific training programme on 
endogenous pain control mechanisms in female patients 
with FM. Further aims include rebalancing the autonomic 
neurovegetative system, improving quality of life and 
sleep quality, and reintegrating patients into society and 
work.
Methods and analysis 110 female patients with 
FM diagnosed on American College of Rheumatology 
2010 criteria, aged 18–65 years and meeting inclusion 
conditions will be recruited and randomised into two 
groups (active and semiactive). The training programme 
will consist of three 45 min sessions per week of 
supervised, individualised physical activity over 2 years. 
Only the intensity of the exercises will differ between 
the two groups (moderate intensity vs low intensity). All 
outcome measures will be conducted at baseline 
(T0), after 6–9 months of training (T6–9) and after 24 
months of training (T24). The primary endpoint will be 
an improvement of pain modulation (activation of diffuse 
noxious inhibitory control) evaluated by the stimulation 
test. The secondary endpoint will be relief of pain, anxiety, 
depression, stress, sleep disorders, pain impact on life 
quality, and improved heart rate, blood pressure and 
salivary cortisol.
Ethics and dissemination This study is approved by 
the Committee for the Protection of Persons West VI. The 
results will be published in specialised scientific journals 
and will be presented at scientific meetings on pain and/or 
physical activity.
trial registration number NCT02486965; Pre-results.

IntroduCtIon 
Fibromyalgia (FM) affects 1.4%–2.2% of the 
general population, predominately women 
(more than 80% of subjects). This syndrome 
is characterised by extensive diffuse pain, 
mainly muscular and articular, impairing the 
functional abilities of the subjects. The symp-
toms most frequently described by patients 
with FM are chronic fatigue, sleep disorders, 
cognitive disorders and emotional distur-
bances.1 2 They lead to a severe deterioration 
in the quality of life, sometimes with physical 
disability leading to social isolation and diffi-
culties staying in employment (recurrent sick 
leave).

Diagnosis is based on the symptoms and 
their severity as described by the patients.3–6 
There is currently no aetiological treatment 
for FM syndrome. Treatments are therefore 
only symptomatic.

Physiopathology of FM
The mechanisms of dysfunctional pain, with 
no identifiable organic lesions, are mostly 

strengths and limitations of this study

 ► First randomised controlled double-blind trial to as-
sess the effects of a long-term training programme 
(24 months) on pain control in fibromyalgia.

 ► The protocol of the training programme is designed 
to rebalance the neurovegetative system and there-
by treat fibromyalgia.

 ► Physical activity intensity will be assessed objective-
ly using a heart rate monitor.

 ► The drop-out rate in patients may be high.
 ► Due to the nature of the intervention, the coaching 
staff cannot be blinded.
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central7 and related to dysfunction of the stress axis (auto-
nomic nervous system and corticotropic axis).8 9

At rest, patients with FM show an increased sympathetic 
response and decreased parasympathetic tone.10 11 This 
neurovegetative dystonia is a marker of dysfunction of the 
stress axis.12

Malfunctions of the corticotropic axis in FM have often 
been described, also marking the dysfunction of the stress 
axis. However, the form taken by this dysfunction differs 
according to the study.13–17 The variability of salivary 
cortisol in response to stress reflects that of plasma free 
cortisol. Salivary cortisol is, therefore, a method of choice 
in experimental stress studies.18 Whatever their form, 
these dysfunctions all compromise the body’s adaptation 
to daily stressful stimuli.

Studies show that this deficit of the stress axis (neuro-
vegetative dystonia and dysfunctional corticotropic axis) 
is concurrent with FM19 and associated with altered pain 
control.8 9 The pain control system and the stress axis 
have close anatomical and functional links. Nociceptive, 
neurovegetative and corticotropic systems interact with 
the central nervous system. The central neuromediators 
involved in the regulation of the stress axis are mostly 
common with those of pain neuromodulation (endoge-
nous opioids, norepinephrine, serotonin, etc).

Elite athlete’s overtraining syndrome: a model of stress axis 
dysfunction
An overtraining elite athlete may be considered as a 
model of dysfunction of the stress axis associated with 
neurovegetative dystonia. The physical and psychological 
effort of training is known to induce stress. High-level 
athletes can present an overtraining syndrome when 
the adaptation limits of the stress axis are reached. This 
stress-induced phenomenon corresponds to an imbal-
ance between training quantity and recovery. Overtrained 
athletes present a deconditioning syndrome close to FM 
symptoms (chronic pain, sleep disorders, neurovegetative 
dystonia, intense fatigue, etc).20–24

Physical activity and FM
Most studies have shown that physical activity is more 
efficacious on FM symptoms than pharmacological treat-
ments.25 26 Literature reviews and meta-analyses strongly 
support the benefits of physical training in patients with 
FM (decreased pain and depression and improvement 
in overall health and physical abilities).27 The practice 
of aerobic exercise in patient with FM is strongly recom-
mended by The American Pain Society,28 the Association 
of Medical Scientific Societies in Germany,29 the Canadian 
Rheumatology Association3 and the European League 
Against Rheumatism.30 Physical exercise is the first-line 
treatment recommended in FM, but there is still no 
consensus on the modalities of such training (frequency, 
duration and intensity). The mechanisms underlying 
these specific training effects remain to be determined.

Steady physical activity rebalancing the autonomic 
system is associated with cardiovascular benefits. Physical 

activity increases parasympathetic tone and decreases 
sympathetic response.31–34 Mechanisms and structures 
involved in the activation and regulation of the neuro-
vegetative system may interact with the central nervous 
system. Central relationships between the neurovegeta-
tive system and the motor cortex, the limbic system, the 
hypothalamus, the pituitary gland and the basal ganglia 
result in the release of analgesic neurotransmitters such 
as noradrenalin, serotonin and endogenous opioids.35 36 
This release of neurotransmitters due to exercise leads to 
increased endogenous inhibition and so decreases diffuse 
pain in FM.35 Central nervous system plasticity induced by 
physical training can regulate both cardiovascular adap-
tations34 and endogenous pain control mechanisms.37 38 
Thus, strategies to rebalance the autonomic system are 
the most promising therapies for FM.11 33 34

In this study, we set out to validate a therapeutic alter-
native that aims to treat FM by rebalancing the stress axis. 
This treatment consists of a specific, supervised, individ-
ualised training programme lasting 2 years. This training 
protocol is individually adjusted to rebalance the neuro-
vegetative system (parasympathetic and sympathetic). 
Central neuroplasticity induced by training should regu-
late endogenous pain control mechanisms. This specific 
protocol will be associated with psychotherapeutic 
approaches. In addition to the training programme, 
multidisciplinary biopsychosocial care will be given at the 
pain centre of the University Hospital of Brest.3

objectives
Our main objective is to assess the efficacy of a specific 
training programme on endogenous pain control in 
patients with FM. Our secondary objectives are to rebal-
ance the autonomic nervous system and the cortico-
tropic axis, improve life and sleep quality and reintegrate 
patients into society and work.

MEthods And AnAlysIs
design and setting
This randomised, double-blind trial will compare an 
‘active’ programme to a ‘semiactive’ programme in 
patients with FM. Patients will be recruited at the pain 
centre of the University Hospital of Brest on the basis 
of general criteria. Patients are to follow a re-exercise 
programme for 24 months. The assessments will take place 
(1) before, (2) between 6 and 9 months (depending the 
training level) and (3) at the end of training (24 months), 
in the neurological functional explorations department 
of the University Hospital of Brest (figure 1).

Patient involvement
The specific training programme of this study was devel-
oped based on the results of a pilot study,39 data from liter-
ature and the experiences of patients with FM recorded 
at the pain centre of the University Hospital of Brest. 
These patients reported the benefits, constraints, diffi-
culties and effects of their training programme on their 
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symptoms. This information has allowed adjustments to 
be made to the specific training programme. Patients 
are not involved in the recruitment and conduct of the 
study. At the last assessment visit, patients will be asked 
to assess the burden of the programme. On request, a 
report outlining the study findings will be given to study 
participants.

study population
One hundred and ten patients with FM will be included. 
The inclusion criteria are: female; aged 18–65 years; 
diagnosis of FM clearly established according to the 
criteria of the American College of Rheumatology 2010; 
body mass index (BMI) 18.5–29.9 kg/m²; spontaneous 
pain intensity higher than 3/10 on a Visual Analogue 

Figure 1 Flow chart of DouFiSport. BMI, body mass index; HIIT, high-intensity interval training; HR, heart rate; HRmax, 
maximum heart rate; LICT, low-intensity continuous training; MICT, moderate-intensity continuous training; 6MWT, 6 min walk 
test; PA, physical activity.
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Scale (VAS); pain experienced at least 3 days a week; 
pain caused by palpation greater than or equal to 4/10 
on a VAS.

The non-inclusion criteria are: systemic disease (treated 
or not) generating pain of the musculoskeletal system; 
pain other than FM; contraindication to physical activity; 
any active health disorder; change in the last 2 months 
in any pharmacological treatment; psychiatric diagnosis; 
taking drugs that affect cortisol secretion (decrease or 
increase); non-cooperating.

sample size
Population size is calculated on an expected difference of 
20 points (stimulation test)7 between the two groups, for 
a quantitative primary endpoint (delta VAS) of SD equal 
to 35, and a power set at 80%. At least 48 subjects per 
group are therefore required. To take into account lost to 
follow-up, a sample of 110 subjects, that is, 55 per group, 
will be recruited.

randomisation
Patients will be randomised at the end of the first stim-
ulation test, just before the initiation of the training. 
Randomisation will be conducted by the Centre for Clin-
ical Investigation at the University Hospital of Brest (elec-
tronic randomisation via Capture System). The test will 
be stratified by age and BMI. The cut-off will be set at 50 
years for age and 25 kg/m2 for BMI (two strata (18–25) 
and (25–30)).

training programme
The training programme is planned over 2 years 
(24 months) for both groups (active/semiactive). A 
minimum of 4–6 weeks is needed to observe a decrease 
in symptoms.39 This 2-year duration is the minimum 
average training time (depending on the individual 
progress of each patient) necessary to regain a central 
neuroplasticity sufficient to restore diffuse noxious 
inhibitory controls (DNICs) and the neurovegetative 
system.40

The frequency, intensity and duration of these training 
sessions are based on both data from the literature39 41 
and the results of a preliminary study. The pain was signifi-
cantly reduced and symptoms such as quality of life, sleep 
quality and anxiety were also strongly improved in subjects 
who had undergone this specific training after 5 years.40

The American Pain Society recommends an intensity 
of 60%–70% of the age-adjusted maximum heart rate 
(HRmax). At the early stage, the intensity and duration 
of the training sessions will be adapted to the physical 
condition of each subject. The intensity exercise will be 3 
on the Borg CR10 scale.39 To promote adherence of our 
patients and to limit pain exacerbation, exercise inten-
sity will start very low and then increase very gradually to 
reach the neurovegetative goal.28 42

The ideal frequency is three training sessions per week 
each lasting 45 min.39 40

Active training group
First 6–9 months
Subjects will perform three sessions per week of 45 min 
of moderate-intensity continuous training (MICT) 
(65%–75% HRmax), including two sessions supervised by 
a physiotherapist specially trained and one independent 
session.

From 6–9 months (according to pace, abilities and limits) to 24 
months
Patients will begin the second stage of training: three 
sessions per week of at least 45 min each (MICT and 
high-intensity interval training, HIIT) with one supervised 
session and two independent sessions. When the patient 
reaches the initial HR goal, continuous training will be 
associated with interval training. HIIT will consist of five 
stages of 1–4 min at 85%–90% HRmax, interspersed by 
1–4 min of active recovery at 65%–75% HRmax. Inten-
sity will be assessed objectively using an HR monitor 
(FT2, Polar). At baseline, Tanaka’s age-based prediction 
equation (208−0.7×age) will calculate HRmax. After 6–9 
months of training, a maximal-effort graded exercise test 
will determine HRmax and maximum oxygen consump-
tion for each patient.

Semiactive training group
Patients will perform the same infra-active training 
(low-intensity continuous training: <50% HRmax) for 
2 years. Supervision, monitoring and frequency of sessions 
(3×45 min per week) in both groups will be equivalent.

training follow-up (for both groups)
Patients will be contacted to record progress, difficulties 
and if necessary to encourage them to adhere to their 
programme. These calls will improve compliance and 
limit patients lost to follow-up.43 44 Subjects will note the 
characteristics (frequency, duration, intensity, type of 
activity and supervision) of each training session (both 
supervised and independent) in a specific training 
logbook. The physiotherapist will frequently ask patients 
about their independent training session to provide 
advice and motivate them. The follow-up at the pain 
centre will assess compliance with the training protocol.

Patients will perform a 6 min walk test every 6 months 
(with a physiotherapist). If a patient cannot achieve the 
specific training requested after 9 months of study, then 
she will not complete the second phase of training, but 
will nevertheless attend all assessment visits. The main 
analysis will be performed on an intention-to-treat basis.

Clinical data, measurements and assessments
Sociodemographic and clinical data
At baseline, data on age, sex, marital status, education 
level and occupation will be collected. Height and weight 
will be recorded. Medical background and pain character-
istics will be noted. All current drug and non-drug thera-
pies (including tried and stopped) will also be collected, 
together with their effectiveness on pain.
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Questionnaires and pain assessments
Measurements and questionnaires will be carried out (1) 
at baseline, (2) between 6 and 9 months and (3) at the 
end of the 24 months of training.

 ► The assessment of pain will be performed by a simple 
verbal scale and using a VAS. The Saint Antoine Pain 
Questionnaire will also assess pain. A pain quantitative 
assessment will be performed with a pressure algom-
eter (pressure pain threshold: PPT).

 ► The Hospital Anxiety Depression Scale (HADS) will 
assess the patient’s anxiodepressive state.45

 ► The Fibromyalgia Impact Questionnaire will assess 
the impact of FM on daily life.46

 ► The Pittsburgh Sleep Quality Index will assess sleep 
quality and quantity.47 48

 ► The International Physical Activity Questionnaire will 
record the level of physical activity and sedentary life-
style. The French long telephone questionnaire will 
be used.49

 ► The Perceived Stress Scale will assess the antecedents 
of perceived stress.50

Stimulation test
To assess endogenous pain mechanisms, such as DNICs, 
temporal summation (TS) and perception of pain, we 
will use an experimental method developed by Tousig-
nant-Laflamme et al and Marchand.7 51 According to this 
well-characterised paradigm, we will induce in single 
session two tonic heat pain stimulations separated by a 
cold pressor test.7 51–53

Thermode test or TS test (P1): a tonic heat pain will be 
administered for 2 min on the patient’s right arm, using a 
thermode (CE marking No. 226). The starting tempera-
ture is 32°C (skin temperature under normal conditions 
in a temperate room (20°C–22°C))54 and will quickly 
reach a fixed value. The experimental temperature will 
be individually determined to induce 50/100 on a VAS 
and will remain constant during the test period (2 min). 
Throughout this period, the patient will evaluate her pain 
intensity using a Computerised Visual Analogue Scale 
(CoVAS).

Cold pressor test (P2): to elicit a prolonged pain sensa-
tion to trigger DNIC,55 the patient’s right arm will be 
immersed for 2 min in a cold water bath maintained at 
12°C. The patient will continuously evaluate her pain 
intensity using a CoVAS.

Following this cold pressor test, the thermode test will 
be performed again (P3).

Pain difference between the two (P3/P1) tonic heat 
pain stimulations will measure DNIC activation and 
represents pain modulation.

Measurement of salivary cortisol and salivary flow
Corticotropic axis will be assessed using a measurement 
of salivary cortisol. Cortisol release is pulsatile (10–20 
peaks per day) and follows a nychthemeral cycle. Cortisol 
level peaks in the early morning. In the morning of each 
consultation (at baseline, in the middle and at the end 

of training), patients will collect a salivary sample (1) for 
2 min, when they wake up and (2) for 2 min, 30 min later. 
The salivary cortisol level is measured in nmol/L. The 
flow rate is calculated in mL/min. Samples will be frozen 
at −20°C. As salivary cortisol is stable, samples can be 
stored for many weeks in a freezer.56 After completion of 
all assessment sessions, sample analysis will be completed. 
To avoid interlaboratory variation, the same laboratory 
will assay the samples.

Recording of blood pressure and HR
After 10 min at rest, lying down, blood pressure (BP) and 
HR will be recorded. BP and HR will then be measured 
when the patient stands up and once per minute for 
4 min while standing.

blinding strategy
Patients will not be informed of their group (active/
semiactive). The investigators will not know the patient’s 
group. Due to the nature of the intervention (physical 
activity protocol), the coaching staff will not be blinded.

statistical analysis
Primary endpoint analysis: The VAS improvements (stim-
ulation test) obtained in the two groups will be compared 
using Student’s t-test. If the required normality assump-
tion is not sustainable, a non-parametric Wilcoxon signed-
rank test will be used. An alpha risk of 0.05 will be set as 
the limit of statistical significance. The main analysis will 
be performed on an intention-to-treat basis. A comple-
mentary analysis using a linear model with adjustment for 
age and BMI factors will be completed.

The secondary endpoints (quantitative data: salivary 
cortisol, BP, PPT quantified by pain threshold pressure, 
questionnaire assessment) will be analysed in a similar 
way by comparing the improvements obtained between 
the two groups.

Methodological limitations
The methodology of this protocol is consistent with 
the recommendations of the Standard Protocol Items: 
Recommendations for Interventional Trials. However, 
because of the nature of the intervention, the coaching 
staff cannot be blinded. Patients and investigators will be 
blinded.

Given the study duration (2 years), potential partici-
pant drop-out and lost to follow-up may be high. These 
risks were taken into account in setting sample size. 
To limit drop-out, patients will be called to encourage 
them and to discuss any difficulties. In the second stage 
of training and to limit any long-term monotony effect, 
physical activity type can be diversified in both groups. 
The training session will be adapted in the active group 
(MICT will be associated with HIIT) to reduce sympa-
thetic hyperactivity. To improve compliance and long-
term achievement of training, the patient may choose the 
physical activity type performed without supervision.
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EthICs And dIssEMInAtIon
Consent to participate
Patients will be informed of the objectives, constraints, 
risks and benefits of the study. To be included, patients 
must sign informed written consent. Data will be collected 
anonymously. The investigators will take all necessary 
precautions to ensure the confidentiality of the informa-
tion, in particular with regard to patient identity.

dissemination plan
The results of this study will be published in specialised 
scientific journals. These results will also be presented in 
scientific meetings on pain and/or physical activity. In 
addition, a doctoral thesis will be written on this project.
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