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Summary

Fibromyalgia is a disease characterized by conical pain associated with autonomic dysregulation of the sufferer, without many
treatment alternatives. The objective of this study was to find out the relationship between physical exercise in an aquatic
environment, pain perception and cardiovascular autonomic control in adult women suffering from fioromyalgia. The sample
consisted of 15 women diagnosed with fibromyalgia who participated in 24 40-minute exercise sessions in a water environment.
Anthropometric measures, heart rate variability (HRV) and pain perception (PCS) were evaluated in four experimental times (t1,
baseline; t2, session 8; t3, session 16; t4, session 24). In addition, the perception of pain was evaluated in each session through
VAS. The results show that the perception of pain through VAS decreased when comparing all the means evaluated before
and after each session (p <0.05). In the PCS application, a lower Total Pain and Rumination was obtained when comparing t1
with t4. HRV values showed that SDNN and RMSSD were higher after the session, when t4 was compared with t1 (p <0.05).
The mean heart rate decreased at the end of the sessions, showing a better adaptation to exercise. The relationship between
pain and cardiac measurements was given by a positive correlation in the pain domains recorded before the sessions and the
RMSSD and SDNN values. In conclusion, the practice of physical exercise in an aquatic environment would indicate a lower
perception of pain and a better cardiac autonomic response in women with fibromyalgia.

Efectos del ejercicio aerébico en agua sobre el dolor percibido
vy la variabilidad cardiaca en mujeres con fibromialgia

Resumen

La fibromialgia es una enfermedad caracterizada por presentar un dolor conico asociada a una desregulacién autonémica
de quien la padece, sin muchas alternativas de tratamiento. Este estudio tuvo como objetivo, conocer la relacion existente
entre el ejercicio fisico en medio acuético, la percepcion del dolory el control autonémico cardiovascular en mujeres adultas
que padecen fibromialgia. La muestra se compuso por 15 mujeres diagnosticadas con fibromialgia quienes participaron en
24 sesiones de ejercicio en medio acuético de 40 minutos. Se evaluaron medidas antropométricas, variabilidad de frecuencia
cardiaca (VFC) y percepcion de dolor (PCS) en cuatro tiempos experimentales (t1, basal; t2, sesion 8; t3, sesion 16; t4, sesion
24). Ademas, se evaluod la percepcion al dolor en cada sesion a través de EVA. Los resultados muestran, que la percepcion
del dolor a través de EVA disminuyé al comparar todas las medias evaluadas antes y después de cada sesion (p<0.05). En la
aplicacion de PCS, un menor Dolor Total y Rumiacion se obtuvo al comparar t1 con t4. Los valores de VFC mostraron que
SDNN y RMSSD fueron mayores después de la sesién, cuando se compard t4 con t1 (p<0.05). La frecuencia cardiaca media
disminuyd al finalizar las sesiones, mostrando una mejor adaptacion al ejercicio. La relacién entre dolor y medidas cardiacas,
estuvo dada por una correlacién positiva en los dominios de dolor registrados antes de las sesiones y los valores de RMSSD y
SDNN. En conclusion, la practica de ejercicio fisico en medio acudtico, indicaria una menor percepcién de dolor y una mejor
respuesta autonémica cardiaca en mujeres con fibromialgia.
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Introduction

Fibromyalgia (FM) is a disabling disease, recognised by the World
Health Organisation with code M79.7 of the International Classification
of Diseases (ICD -10 CM)'". Few studies have been conducted in Latin
America to investigate its prevalence. However, in 2005, the Clinical
Hospital of the University of Chile estimated that 5.4% of the population
suffered from this disease while, at a global level, it is estimated that it
affects 5% of the western population and predominantly women?>.
Studies have reported that, in Chile, there is an accelerated increase in
its diagnosis over the last few decades, which is consistent with other
studies that report a similar rise worldwide?®.

This disease is characterised by giving rise to chronic pain, fatigue,
poor physical functioning, sleep alterations and depression, among
other symptoms, leading to a predisposition to develop other diseases
such as hypertension, overweight, diabetes'®. These disorders affect
the perception of pain and its nervous regulation, to become a cyclical
health problem that will increase over time*’~13.

One of the key factors in understanding this disease is its direct
relationship with the dysregulation of the autonomic nervous system'.
One of the principal theories on the etiology of the pain associated
with this disease specifically indicates that the causal agent is the
central dysregulation of the degree of activity of the sympathetic and
parasympathetic nervous systems>'>"'8,in other words, a dysautonomia
or autonomic dysfunction. This dysregulation is characterised by the
hyperactivity of the sympathetic nervous system and the hypoactivity
of the parasympathetic nervous system*'”. The increased sympathetic
activity, characteristic of FM, generates a cyclic condition of stress that
has a directimpact on FM sufferers'®, a process that would explain the re-
duced pain tolerance threshold shown by these individuals. Additionally,
these cerebral changes affect other organs such as the heart. Therefore,
the measurement of the heart frequency variability (HFV) could serve as
an indicator of the sympathetic activity level and, therefore, as a possi-
ble indicator of this disease?, allowing for a more objective evaluation
supported by a physiological parameter.

Based on the symptomatology of this disease, aerobic exercise has
been studied as a variable that could reduce the perception of pain,
reduce fatigue, improve the physical condition, thereby improving the
quality of life of individuals?'. Although many types of exercise stand as vi-
able alternatives to improve the quality of life, for FM there is still no clear
relationship between the effects of exercise and autonomic regulation.

Given that the studies are inconclusive on the subject, it is difficult
to estimate with certainty, which is the best methodology to promote
autonomic changes based on the physical activity performed. In 2004,
Gavi, et al,, reported that muscle strengthening exercises could reduce
the symptoms and improve the quality of life of individuals, yet with
no changes to autonomic modulation in fibromyalgia®. In contrast, in
2015 Safudo et al,, reported that there were indeed autonomic changes
following six months of exercise, directly influencing changesin the lev-
els of anxiety and depression of the subjects?. In order to identify these

autonomic changes, a validated methodology is the measurement of
heart rate variability, which reflects the changes occurring in the heart.
These changes are represented by time-domain and frequency-domain
measurements, making it possible to estimate the influence of the nerv-
ous system on the heart. The consequences of pain include the limitation
of physical activity, contributing to the fact that many individuals with
FM are overweight*, associated with reduced heart rate variability and
increased sympathetic activity in the heart®. All these works evaluate
the many factors that could have an impact on each fibromyalgia suf-
ferer, particularly with regard to the autonomic component, affecting
the heart. Therefore, the study of pain variables and autonomic control
could provide fresh evidence that would serve to better understand the
influence of exercise in the treatment of this disease.

The objective of this study was to describe and relate the changes
caused by physical exercise in an aquatic environment with regard to the
perception of pain and autonomic cardiovascular control through heart
rate variability in adult women suffering from fibromyalgia. Although
there are currently a number of alternatives for the non-medical treat-
ment.of fibromyalgia, there is little evidence of quantifiable scientific
parameters that serve as a reference for the treatment of the disease.
Therefore, any new study will prove useful in the pursuit of a better
quality of life for these patients.

Materials and method

Participants

25 volunteers selected by non-random accidental sampling took
part in this descriptive-correlational study. The inclusion criteria were:
female in gender; aged from 30 to 60 years; diagnosed with fibromyalgia
by a physiatrist; and receiving no drug treatment that would affect the
heart variables or pain-sensitive pathways during the intervention. The
study excluded women who were pregnant, with a heart disease, or
those whose health was incompatible with the aquatic environment.
The study also excluded those participants who did not meet the min-
imum requirement of 80% attendance at the water exercise sessions.
After applying these criteria, the study sample was reduced to 15 par-
ticipants, who met all the requirements.

The study was conducted in accordance with the Declaration of
Helsinki of 1975, revised in 2008, on the ethical principles for medical
research involving human subjects. It also complies with the ethical
standards of the committee responsible for medical research involving
human subjects of the University of Magallanes. All the women were
given general information in personal interviews, in which they were
able to resolve all concerns. They subsequently signed the informed
consent, prior to taking part in this study.

Instruments

Body composition

Bioimpedance served to evaluate the body composition measure-
ments, using the BC-558 Ironman Segmental Body Composition Monitor
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(Tanita Ironman, Arlington Heights, IL 60005 USA) to obtain the following
data: weight (Kg.), total muscle mass (Kg.), bone mass (Kg.), total body
fat (%) and basal metabolic rate (Kcal.).

Pain parameters

In order to analyse the Pain Parameters for each participant, two
instruments were used to assess pain perception: Visual Analogue Scale
(VAS) and Pain Catastrophizing Scale (PCS)%.

The Visual Analogue Scale for pain consists of a 10 cm long line of
cartoon faces showing different pain intensities. The values range from
0, equivalent to“no pain”and 10 “unbearable pain” (Figure 1).

The Pain Catastrophizing Scale measures how catastrophizing
thoughts impact on the experience and perception of pain. This scale
includes three areas of multidimensional catastrophizing: Rumination;
a feeling of constant concern, “/ can't stop thinking about how much it
hurts” ; Magnification, an exaggeration of the unpleasantness of the
pain, ‘1 worry that something serious may happen”; and Helplessness, a
loss of hope in achieving something, “There is nothing | can do to reduce
the intensity of the pain” Furthermore, this scale gives a Total Pain score
that can range from 0 to 52 points. The survey comprises 13 items with
5-point scales where 0 is never and 4 is all the time. The highest scores
indicate higher catastrophizing levels.

Cardiovascular parameters

To analyse these parameters, Heart Rate Variability (HRV) was meas-
ured with the Polar Team?2 monitor (Polar®, Finland).

The time-domain parameters considered for the analysis were
the Root mean square of successive RR interval differences (RMSSD
expressed in ms.) that reflect the parasympathetic influence?” and the
standard deviation of NN intervals (SDNN), which are considered to
reflect the total variability, that is the sympathetic and parasympathetic
contribution of the autonomic nervous system®# on the heart. Finally, all
the data obtained were digitised using the free Kubios HRV® software*.

Perceived effort

To guide constant work in relation to the exertion of each partic-
ipant in the course of the study, the 10-point Borg Scale®' was used.

This scale has been designed and is recommended for measuring the
intensity of physical exertion involving cardiovascular work during pa-
tient rehabilitation. A maximum score of 4 was considered, in order to
establish a low-intensity aerobic exercise for participants®'=2.

Procedure

Each participant, after voluntarily signing the informed consent,
was included in the study. For the assessments, participants were
requested not to consume tea, coffee or herbal stimulants and not to
have taken medicines or drugs in the 12 hours prior to the assessment.
Overa 12-week period, each woman took part in two 40-minute weekly
sessions of individual and group exercises in an aquatic environment at
a constant temperature of 36 °C. The sessions were structured as follows:
joint mobility and warm-up; work on upper limbs with material that
increased water resistance; lower limb exercises with no added weight,
giving priority to moving in the water and raising the heart rate yet
always maintaining an aerobic estimation of the activity; cooling down
exercises in the water. Each exercise was adapted to each patient based
on her daily condition, guided by the Borg perceived exertion scale,
considering a score of 4 for each low intensity aerobic activity (the total
score of the scale considered for this study was 0 to 10).

The assessment of the body parameters and PCS was conducted
at 4 different times: t1 or baseline, performed prior to the start of the
physical exercise sessions in an aquatic environment; t2, made prior to
the 8th training session in an aquatic environment; t3, made prior to
the 16th training session in an aquatic environment; t4 made prior to
the 24th training session in an aquatic environment. In order to assess
each of these parameter, the study followed the internal protocols for
each assessment instrument. In order to assess perceived pain, the
VAS instrument was administered to participants. This instrument was
applied at two different times: the first, 5 minutes before the start of
the session and then the second was applied 5 minutes after the end
of the exercise, during the 24 sessions.

The HRV assessment was performed twice, at each of the as-
sessment times (t1, t2, t3 and t4). The first was conducted after the
administration of the questionnaires and prior to the water aerobic

Figure 1. VAS scale based on Vicente-Herrero et al, used to describe the pain perceived by the study participants*'.

VAS scale
I I I |
0 1 2 3 4
No pain Mild Moderate
pain pain

6 7 8 9 10
Severe Very severe Unbearable
pain pain pain
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session, while the second was conducted at the end of the physical
activity session. In the case of t1 (baseline) the assessment was also
repeated twice, allowing 40 minutes between each measurement. For
the assessment of this parameter, a chest band holding the Polar device
was used. The participant was requested to put on this band with the
device and then to sit comfortably, with both feet resting on the floor.
She was told that she must remain in that position for around 5 minutes
in order to reach an at-rest condition. Once the at-rest condition had
been reached, the HRV data were then taken for a time of not less than
10 minutes, during which the participants had to stay calm, without
talking and without doing anything that could alter their heart rate. In
parallel, a visual assessment was made of the participants’ breathing
rate for greater precision. This was found to be above 12 cycles per
minute. The tachograms generated by the Kubios program were visually
inspected in order to exclude defects from artefacts and ectopic beats,
not exceeding 3% of the data recorded.

Annex 1 outlines the protocol for the collection of the data used
in this study.

All the data obtained were digitised in a Microsoft Office Excel 2016
spreadsheet. In order to maintain the privacy of the participants, the data
were numbered, in other words an alphanumeric value was assigned
to the identity of each subject. This ensured that only the investigator
responsible would be able to correlate the results obtained with the
identity of the participant.

Statistical analysis

For the statistical analysis, the database was exported to the Statis-
tical Package for the Social Sciences® (IBM SPSS) software, version 24. In
order to observe the difference between the four assessment times, a
paired sample t test was performed for PCS and the Wilcoxon Test for VAS
and HRV parameters. The Spearman correlation coefficient was used to
determine the relationships between the PCS and HRV variables while
descriptive tests were also conducted on the data compiled . All the
analyses were made considering a statistically significant value of p<0.05.

Results

In this study the average age of the participants was 47 years
(£ 8 years). Their anthropometric measurements are shown in Table 1.

The results of the body composition, observed in Table 2, indicate
that 12 of the 15 women were either overweight or obese (BMI > 25).

With regard to the perceived pain assessment using VAS, the
statistically significant differences are given by greater values at the
start than at the end, with positive ranges (Z = -11.265; p= 0.001), as
observed in Figure 2.

With regard to the rating of pain using the PCS instrument, an
analysis was made of the 4 domains assessed. The statistical results
show significant differences, as can be seen in Table 3.

With regard to the PCS scores at t4, the scores for Total Pain show a
significant difference with p=0.048, with gl=14 with regard to t4, while
similar statistical characteristics are given for the Rumination score

Table 1 Anthropometric measurements and body composition
of the women included in the sample assessed.

t1 t2 t3 t4

(n=15) (n=15) (n=15) (n=15)
Weight (Kg) 765+141 763+144 76.5+13.7 755+16.7
BMI 29.1£4.01 29.8+4.32 29.9+442 29.5+4.63
Total muscle 44 + 4,66 44 +4.64 444+449 432+455
mass (Kg)
Total body 385+7.22 383+724 38 +7.95 38.3+8.18
fat (%)
Bone 235+0.24 235+0.22 236+0.21 231+023
mass (Kg)

Basal metabolic 1418 +154 1414+ 151
rate (Kcal)

1425+143 1391+ 160

This table shows the + mean standard deviation from the anthropometric measurements
and body composition assessed through the Tanita BC-558 Ironman.

Table 2. Sample classification based on BMI.

Assessment BMI Range Prevalence
Healthy 18.5-249 3
Overweight 25.0-29.9 5
Obese 30.0-39.9 7

This table created by the authors, shows the distribution of the study participants based
on their BMI, following the parameters of the WHO33. Moderate obesity (class I) and severe
obesity (class Il) are grouped together as a single parameter.

Figure 2. Values for the mean score for the daily VAS record at the
start at end of all the exercise sessions in an aquatic environment.
The significant differences are described through the following
code: *, for p< 0.05.
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showing p=0.049 with the same degree of freedom, as the same study
times are compared.

The results of the cardiovascular measurements for the different
assessment times are given in table 4. It can be seen that significant
differences mainly arise when comparing t1 and t3 with the fourth
assessment time (t4). Furthermore, it is possible to observe a progres-
sive reduction in the mean heart rate (HR) of the participants, as the
assessments progress, both at the start and end of the intervention.
Although this reduction is not significant, it can be explained by an
improvement in the physiological adaptation to exercise.

By relating the PCS and VFC variables, it was possible to observe that
at t2 there was a moderate positive correlation between the RMSSD at
the start and Magnification (r = 0.591, R*= 0.34 p= 0.020), and RMSSD
with Helplessness (r =0.514, R*=0.26 p= 0.050). Analysing t3, moderate
positive correlations were observed between the start measurements
for Rumination with SDNN (r, = 0.533, p= 0.041) and Rumination with
RMSSD (r(s): 0.522, p=0.046). While for t4 a moderate positive correlation

Table 3. Scores for the Pain Catastrophizing Scale (PCS).

t1 t2 t3 t4
(n=15) (n=15) (n=15) (n=15)
Total pain 25.7£13.91 187+134 191+118 157 +13.1
Rumination 9.13£529 6.20+452 7.13+476 547+476
Magnification ~ 5.67+3.64 4.13+3.62 3.60+277 3.60+3.18
Helplessness 10.9+£6.10 840+5.73 840%x515 6.67+559

This table shows the + mean standard deviation for each PCS catastrophizing area consi-
dered in this study: Rumination; Magnification; Helplessness; Total Pain. The significance is
given by values of p<0,05 and it is structured according to the following nomenclature:
*in relation to t1.

Table 4. Measurements of the heart rate variability for the different
experimental times.

t1 t2 t3 t4

(n=15) (n=15) (n=15) (n=15)
SDNN (ms)
Input 16.9+ 8.69 15.1+£828 16.5+7.18 228+11.7
Output 14.0+7.18 16.2+7.89 13.6+455 229+11.7*
RMSSD (ms)
Input 13.5£6.62 11.9+7.25 13.3+6.92 19.9 £ 14.5a
Output 12.3+4.68 108+530 9.65+332 189+11.9%
Mean HR (BPM)
Input 89.2+ 12.5 81.6+139 84.1+11.2 82.7 £ 8.64
Output 99.9+ 30.3 949+263 93.0+142 813+9.56%

This table shows the + mean standard deviation for the HRV values considered in this study.
SDNN corresponds to the standard deviation of NN intervals shown in milliseconds (ms),
RMSSD corresponds to the root mean square of successive RR interval differences expressed
in milliseconds (ms), mean HR, corresponds to the mean heart rate of patients, expressed
in beats per minute (BPM). The significance is given by values of p<0,05 and it is structured
according to the following nomenclature: a in relation to t1; e in relation to t3.

was observed for the start values of SDNN with Total Pain (r = 0.599,
p=0.018) and SDNN with Helplessness (r = 0.558, p= 0.031), while
RMSSD did so with Magnification (r = 0.516, p= 0.049).

When comparing the set of HRV start and end values, no signifi-
cant differences were obtained between the SDNN values (Z=-1.406;
p=0.16), however the RMSSD values did show a significant difference
(Z=-2.506; p=0.012), showing that the output ranges were greater
than the input ranges. The mean heart rate also showed a significant
difference between both periods (Z =-4.461; p=0.012), indicating that
the output ranges were lower than the input ranges.

Discussion

Fibromyalgia (FM) predisposes the patient to develop different
diseases that mainly affect the perception of pain and its nervous regu-
lation, causing a cyclic health problem that constantly affects the quality
of life of individuals**'*. Evidence for non-medical treatments of FM point
to different therapies that primarily seek to reduce the perception of pain
in patients, covering activities such as cognitive-behavioural therapy,
acupuncture, mindfulness, massage, hydrotherapy, among others'>33,
Scientific evidence shows that low-intensity physical exercise and, in
particular, exercise performed in an aquatic environment, gives the best
results in the management of symptomatology®'**. However, chronic
pain is one of the key factors limiting the performance of physical
exercise in patients, showing a trend to be overweight and obese with
BMI values of more than 25, a characteristic that was also observed in
the participants of this study '™,

The VAS results observed, show a reduction in the perception of
pain when comparing the before and after data of the exercise session.
These results are similar to those found in other studies in an aquatic
environment where it was observed that, through bio-dance, it was
possible to reduce the feeling of pain following the exercise sessions®,
as well as through physical rehabilitation therapy in water®.

When using the PCS to assess the pain, it was interesting to observe
a trend towards a reduction in the perception of pain as the exercise
sessions progressed, in each domain covered by the test. t4 shows a
significant reduction in the feeling of constant concern about pain, as
well as in the overall perception of pain, in relation to the baseline time
(t1). Although not statistically significant, the domains of Magnification
and Helplessness also show a decreasing trend as the exercise sessions
progress. These results would indicate that therapy based on physical
activity in an aquatic environment would be appropriate for these pa-
tients and could have a positive influence on the perception of pain and
contribute to the patients’' quality of life. However, one limitation of this
study was to discern whether the wellbeing achieved through exercise
could be affected by the social wellbeing inherent in this type of activity.
We therefore consider that future studies should include an assessment
of the impact of social environment on physical activity, given that it
could also be an influencing factor in the participants'perception of pain.
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With regard to the autonomic regulation (SDNN), the values were
seen to be lower than those found in a population of similar characteris-
tics, but without fibromyalgia®. However, exercise tends to improve the
values as the sessions in the aquatic environment progress, particularly
with regard to the heart rate response after completing the session. The
progressive increase in the autonomic response was also observed in
the parasympathetic response of the patients. The RMSSD values are also
lower than for a population without the associated disease®, although
there was a significant increase in relation to the baseline values as the
sessions progressed, both before and after the exercise session. Similar
effects on autonomic modulation were not observed in patients with
fibromyalgia and subjected to strength training®, presumably due to the
intensity of the exercise used, while treatments through hydrotherapies
have been shown to be the most effective in the nonlinear improve-
ment of HRV in these patients®®. We hypothesized that the changes
perceived could be due to a better adaptation to low-intensity physical
exercise that is adjusted to the physiological possibilities of the patient,
allowing the patients to progress in line with their own possibilities®.
Our evidence shows that, when comparing the different measurements
for the mean HR at the start, no great changes can be seen, contrary to
what was observed with the mean HR at the end. This demonstrated
that, with the same effort, which may have been extremely tiring at the
beginning, at the end of the intervention it was not so tiring. Therefore,
these values imply that exercise would not only permit a reduction in
the possibility of suffering FM-related diseases but would also improve
the autonomic and cardiovascular regulation of the exercisers.

When relating the values for heart rate and pain, relationships
were found between the experimental exercise times but not at the
baseline time. The parasympathetic response represented by RMSSD
was positively related to PCS pain domains at t2, t3 and t4, always at
the start of the session. Similar values were obtained by positively re-
lating the SDNN values for autonomic regulation at the start of t3 and
t4 with the PCS pain domains. Based on the fact that PCS measures
the perception of pain during the entire day and that the HRV figures
only represent the time of measurement, it could be interpreted that
a greater pain domain, predominant in the daily perception of a pa-
tient with FM, permits a greater autonomic response to exercise. We
consider that this relationship is given for two reasons. Firstly, exercise
permits a greater autonomic response to feelings of pain, that is, the
individual has a greater response to what he/she perceives as pain and,
therefore, a greater tolerance. Secondly, the practice of group activities
has additional benefits to those obtained when exercising alone, due
to the fact that the socialisation process helps in recovery, by increasing
motivation and, consequently, adherence to the physical activity, as
shown by other studies®*

Each of these findings describes the changes that could affect FM
sufferers and their response to perceived pain and autonomic heart
rate regulation. The results obtained allow us to be confident that heart
rate variability could be an objective parameter for monitoring the pro-

gress of palliative therapies for patients with fibromyalgia and it could
be included as a representative assessment of the autonomic heart
rate modulation for this disease. Although we are aware that further
studies need to be made, the finding of fresh evidence on the nervous
and physiological mechanisms associated with this disease makes it
possible to have more alternatives for its diagnosis and, consequently,
new strategies for the treatment of the symptomatology of FM, which is
extremely importantin terms of relieving the constant pain experienced
by those diagnosed with FM.

The strengths of the study include: a) the importance of character-
ising patients with fiboromyalgia; b) the assessment of therapies that are
currently being conducted in an aquatic environment, as part of the
treatment of this disease; ¢) the type of measuring instruments applied,
considering validated questionnaires and objective measurements that
could be used in other therapy contexts with patients with fibromyalgia.
The main limitations were: a) continuity and strict attendance of each
of the sessions; b) the number of participants, which could affect the
results. Nevertheless, this study reports new information on little-studied
variables that could affect the treatment of patients with fibromyalgia.

Conclusions

This study would indicate that the practice of aerobic exercise
through a program of 24 sessions in an aquatic environment would be
associated with a reduction in the perceived pain and a greater auto-
nomic regulation, in women diagnosed with fibromyalgia.
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