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The aim of this study was to compare the physical fitness and cardiac 
autonomic activity among women with moderate and severe fibromyal-
gia (FM) and healthy women. This study included 35 women with FM 
(age: 46.2± 8.9 years) and 17 healthy women (age: 44.3± 9.9 years). Par-
ticipants with FM were divided into moderate FM (n= 15) and severe 
FM (n= 20) according to the total score obtained in FM impact question-
naire. The heart rate variability was monitored using a portable cardiac 
monitor with participants resting in supine position during 10 min. 
Thereafter, the participants performed the chair sit and reach test, the 
chair stand test, and the 6-min walk test to measure the lower-body 
flexibility, lower-body muscle strength, and cardiorespiratory fitness, 
respectively. The lower-body muscle strength and cardiorespiratory  

fitness were both reduced in moderate and severe FM compared to 
healthy women (P< 0.01), with greater reduction in severe FM when 
compared to moderate FM (P< 0.05). In addition, the parasympathetic 
indexes of heart rate variability were all similarly decreased in both 
moderate and severe FM, when compared to healthy women (P< 0.05). 
The cardiac parasympathetic activity is similarly decreased in women 
with both moderate and severe FM in comparison to healthy women, 
despite a greater physical deconditioning in severe FM.
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INTRODUCTION

Fibromyalgia (FM) is a disorder characterized by diffuse muscu-
loskeletal pain, which can be accompanied by several other symp-
toms such as fatigue, sleep disturbances, headache, anxiety and 
depressive episodes (Schmidt-Wilcke and Clauw, 2011). The esti-
mated prevalence of FM reported in different regions worldwide 
varies between 0.4% to 9.3%, depending on the diagnostic criteria 
or questionnaire used (Sarzi-Puttini et al., 2020), and it is more 
prevalent among middle-aged women (between 30 and 50 years 
old) (Queiroz, 2013).

A wide range of mechanisms triggering the amplification of the 
sensory input within the central nervous system (i.e., central sen-
sitization) is well accepted as the most important key point under-
lying the pathophysiology of FM (Bellato et al., 2012; Sarzi-Puttini 
et al., 2020). However, a body of evidence suggests that a dys-

function in the autonomic nervous system may also play a role in 
the etiology and pathogenesis of FM (Lerma et al., 2011; Martinez- 
Lavin, 2007; Schamne et al., 2021). The abnormalities in the au-
tonomic nervous system among this population has been demon-
strated using the analysis of the heart rate variability (HRV) with 
FM patients under resting condition (Meeus et al., 2013). The 
cardiac autonomic dysfunction (i.e., reduced HRV) in FM is char-
acterized by an increased sympathetic activity (Cohen et al., 2000; 
Furlan et al., 2005) and reduced parasympathetic activity (Figueroa 
et al., 2008; Furlan et al., 2005; Kang et al., 2016; Kulshreshtha 
et al., 2012; Lerma et al., 2011; Rost et al., 2021), when compared 
to healthy individuals. The sympathetic hyperactivity and para-
sympathetic hypoactivity are both moderately associated with a 
reduced perceived physical function in patients with FM (Cohen 
et al., 2000).

Although the dysautonomia seems to be directly related to FM 
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pathogenesis (Lerma et al., 2011; Martinez-Lavin, 2007; Schamne 
et al., 2021), the sedentary lifestyle of FM patients promotes a 
physical deconditioning, which aggravates the dysautonomia (Kul-
shreshtha and Deepak, 2013; Meeus et al., 2013). It is noteworthy 
that reduced physical activity and increased bouts of sedentary time 
are negatively associated with resting cardiac parasympathetic tone 
(Buchheit et al., 2005; Niemela et al., 2019; Tebar et al., 2020). 
Interestingly, as the FM severity increases the level of physical ac-
tivity reduces (Segura-Jiménez et al., 2015; Segura-Jiménez et al., 
2020), consequently reducing multiple components of physical 
fitness (Aparicio et al., 2013; Góes et al., 2012; Soriano-Maldonado 
et al., 2015). For example, lower-body flexibility, muscle strength, 
and cardiorespiratory fitness are compromised in patients with se-
vere FM, when compared to patients with moderate FM (Ángel et 
al., 2012; Aparicio et al., 2013). However, it is unknown whether 
the patients with severe FM and impaired physical fitness have 
the cardiac autonomic dysfunction aggravated in comparison to 
patients with moderate FM.

Thus, the aim of this study was to verify the physical fitness 
levels and the indexes of cardiac autonomic activity among women 
with moderate and severe FM and healthy women. We hypothe-
sized that patients with severe FM have lower physical fitness with 
concomitant exacerbated cardiac autonomic dysfunction when 
compared to both moderate FM and healthy women.

MATERIALS AND METHODS

Study design and participants
A statistical power analysis was performed using G*power 3.1 

software (Kiel University, Kiel, Germany) to estimate the necessary 
sample size. The chair stand test was used to calculate the sample 
size as it is considered the functional test that best discriminates 
the physical fitness between women with FM from those without 
FM, as well as between women with moderate and severe FM (Apa-
ricio et al., 2013). Considering an effect size of 0.50 regarding the 
impact of the severity level of FM (absence of FM and moderate 
and severe FM) on the number of repetitions during the chair stand 
test (Ángel et al., 2012), the total number of participants required 
to achieve a power of 0.80 and an alpha level of 0.05 was estimated 
to be 42 (i.e., 14 participants per group). Thus, 35 women with a 
clinical diagnosis of FM (46.2±8.9 years old) and 17 healthy women 
(44.3±9.9 years old) matched by age and body mass index took 
part in this study. Participants were recruited through strategies 
such as internet postings, advertisements, and flyers in public area, 
including a local hospital during the year of 2019. The inclusion 

criteria for the FM patients were as follows: (a) age from 18 to  
59 years and (b) diagnosis of FM by the patient’s rheumatologist 
following the American College of Rheumatology criteria (Wolfe 
et al., 1990; Wolfe et al., 2010). The exclusion criteria adopted for 
both patients and healthy women groups were as follows: (a) any 
cardiovascular abnormalities, (b) tobacco usage, (c) presence of any 
cardiovascular chronic disease, (d) use of chronotropic and antihy-
pertensive drugs, and (e) participation in regular exercise programs 
in the past 6 months prior to the study. The FM patients were 
taking immunomodulatory (9%), antiepileptic (9%), muscle re-
laxant (11%), antihistamine (11%), anti-inflammatory (26%), 
anxiolytic (34%), antidepressant (43%), and analgesic (57%) drugs 
during the study period. Participants signed an informed consent 
statement before beginning the study, which was approved by the 
Ethics committee in human research of State University of Ponta 
Grossa (number protocol approved 2.896.943). This study was 
conducted in accordance with the recommendations from the Dec-
laration of Helsinki.

Procedures
Initially, women with FM were asked to complete the Revised 

Fibromyalgia Impact Questionnaire (FIQR) to assess FM severity 
(Paiva et al., 2013). The FIQR questionnaire contains 21 questions 
separated into three subscales: (a) 9 questions about functional 
impact, (b) 2 questions about overall impact, and (c) 10 questions 
about the symptoms (Bennet et al., 2009). The FM patients were 
divided into three groups based on three different score ranges, 
where 0 to <39 was classified as mild, 39 to <59 was classified as 
moderate, and 59 to 100 was classified as severe impairment (Ben-
net et al., 2009). As only three patients were classified with “mild” 
severity, they were excluded from the study. Thus, only the patients 
classified as moderate (n=15) and severe FM (n=20) and healthy 
women (n=17) were included in the subsequent analysis.

After the initial procedures, anthropometric and body composi-
tion, and cardiovascular parameters measurements were collected. 
The height was determined using a Cardiomed stadiometer (WCS 
model; Cardiomed, Curitiba, Paraná, Brazil) with an accuracy of 
0.1 cm, and body mass by a digital scale (UM-080 model; Tanita, 
Tokyo, Japan) with a precision of 0.1 kg. The waist circumference 
was measured using a nonstretching tape as the perimeter of the 
abdomen at the midpoint between the lowest rib and the iliac crest 
(Ross et al., 2020). The fat and lean mass were determined using a 
tetrapolar bioimpedance (BF906 model; Maltron, Essex, UK),  
following pretest instructions provided by the manufacturer. The 
systolic and diastolic blood pressure were measured 3 times (with 
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a 3-min interval between measurements) by an automated blood 
pressure cuff (HEM-7113 INT model; Omron Healthcare, Hoofd-
dorp, The Netherlands), and the average of these three measure-
ments considered as the resting blood pressure.

Then, the R-R intervals (RRi) were continuously recorded during 
10 min using a cardiofrequencimeter (V800 model; Polar Electro 
Oy, Kempele, Finland), with participants resting under a supine 
position in a quiet room with the temperature controlled at 23°C. 
Thereafter, participants underwent a battery of tests to assess dif-
ferent components of physical fitness. The participants were in-
structed to not ingest alcohol or caffeinated beverages, and to not 
perform vigorous physical activity during the 24 hr before the tests.

Physical fitness assessment
The main components of physical fitness studied were the lower- 

body flexibility, lower-body muscle strength, and cardiorespiratory 
fitness. The chair sit and reach test was used to measure the lower- 
body flexibility. In this test, the participant was seated on the edge 
of a chair (43-cm height) with one leg extended and the other leg 
flexed at 45°. With both the arms extended and the hands positioned 
on top of each other, they were instructed to bend slowly their hip 
sliding the hands down the extended leg in an attempt to touch 
(or pass) the toes. The number of centimeters short of reaching the 
toe (minus score) or reaching beyond it (plus score) was be recorded. 
Two trials on each leg were measured and the average of best values 
for each leg was considered as the lower-body flexibility (Carbonell- 
Baeza et al., 2015). The chair stand test was used to measure the 
lower-body muscle strength. The participants began the test seated 
on a chair (43-cm height) with the arms crossed at the chest level. 
They were instructed to rise to a full stand position with back 
straight and feet flat on the floor and then return to seated position 
as many times possible within 30 sec. The number of times that 
the participants repeated completely the sequence described above 
were counted and assumed as the lower-body muscle strength 
(Carbonell-Baeza et al., 2015). Finally, all the participants performed 
the 6-min walk test to assess the cardiorespiratory fitness. In this 
test, the maximum distance that they walked during 6 min along 
a rectangular course (28 m) was determined (Carbonell-Baeza et 
al., 2015).

Heart rate variability
The last 5 min of the 10-min resting RRi records was consid-

ered to analyze HRV using both linear and nonlinear methods. For 
the linear methods, the time-domain indexes calculated were the 
standard deviation of consecutive RRi (SDNN) and the root mean 

square of the successive differences between adjacent RRi (RMSSD), 
both indexes indicate parasympathetic modulation (Task Force of 
the European Society of Cardiology and the North American So-
ciety of Pacing and Electrophysiology, 1996). In addition, the fre-
quency domain indexes were obtained from fast Fourier transform. 
The high-frequency (HF, 0.15–0.50 Hz) and low-frequency (LF, 
0.04–0.15 Hz) components were calculated and expressed in ab-
solute units with logarithm transformation (ms2) and normalized 
units (n.u.). The LF/HF ratio was also calculated. The LF is pre-
dominantly sympathetic-mediated while the HF is a vagal-related 
index, and the LF/HF represents the sympathovagal balance (Task 
Force of the European Society of Cardiology and the North Amer-
ican Society of Pacing and Electrophysiology, 1996). For HRV 
analysis using nonlinear methods, the Poincaré plot analysis was 
performed, and the following indexes were obtained: the standard 
deviation of the instantaneous beat-to-beat RRi variability (SD1), 
the standard deviation of the continuous long-term RRi variabili-
ty (SD2), and their ratio (SD1/SD2). The SD1 represents the para-
sympathetic modulation on sinus node, while the SD2 is influ-
enced by both parasympathetic and sympathetic components. The 
SD1/SD2 represents the balance between sympathetic and para-
sympathetic activities, like LF/HF (Hoshi et al., 2013). All the 
HRV indexes were obtained using Kubios HRV Standard software 
(ver. 3.3.1; University of Eastern Finland, Kuopio, Finland).

Statistical analysis
The Gaussian distribution was checked using Shapiro–Wilk 

test. The disease duration and the total FIQR score were compared 
between moderate and severe FM using Mann–Whitney test. All 
the anthropometric variables, resting blood pressure, body com-
position, the number of repetitions performed on chair stand test 
and the distance reached in chair sit and reach test were all com-
pared among severe FM, moderate FM, and healthy women using 
analysis of variance (ANOVA) one-way followed by Fisher Fisher 
least significant difference (LSD) post hoc test (when necessary) for 
multiple comparisons. On the other hand, the total distance 
walked on 6-min walk test (nonnormally distributed) was com-
pared among the three groups using Kruskal–Wallis with Mann–
Whitney post hoc test used for subsequent pairwise comparisons. 
The majority of HRV indexes were compared between moderate 
and severe FM and healthy women using ANOVA one-way with 
Fisher LSD post hoc test, except the LF/HF and the SD1/SD2 (both 
nonnormally distributed) which were analyzed by Kruskal–Wallis 
followed by Mann–Whitney post hoc test. Moreover, Pearson cor-
relations between the physical fitness variables (i.e., chair sit and 
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reach, chair stand test, and 6-min walk test) and the parasympa-
thetic-related indexes of HRV (i.e., RMSSD, natural logarithm of 
high-frequency power [InHF], and SD1) were calculated for the 
entire group of FM patients (n=35). The statistical analysis was 
carried out using IBM SPSS Statistics ver. 21.0 (IBM Co., Ar-
monk, NY, USA). The significance was accepted when P≤0.05.

RESULTS

Participants’ characteristics and physical fitness
The main characteristics of participants are described in Table 1. 

The one-way ANOVA test did not detect statistical difference 
among women with moderate and severe FM and healthy women 
in anthropometric and body composition characteristics, and car-
diovascular parameters (P>0.05). Regarding the performance on 
physical fitness tests, it was not observed significant difference 
among women with moderate and severe FM and healthy women 
for the chair sit and reach test (P=0.138). However, the number 
of repetitions performed on chair stand test was significantly lower 
in women with severe (P=0.0001) and moderate FM (P=0.001) 
when compared to healthy women. In addition, women with 
moderate FM also performed a lower number of repetitions in the 
chair stand test compared to severe FM (P=0.019). The distance 
walked in 6-min walk test was significantly shorter in patients 
with severe (P=0.0001) and moderate FM (P=0.009) when com-

pared to healthy women. Moreover, women with moderate FM 
walked a significantly lower distance when compared to severe 
FM (P=0.039).

Heart rate variability
The HRV results are shown in Table 2. For the HRV indexes in 

the time domain, it was not observed significant difference among 
the moderate and severe FM and healthy women for mean RRi and 
SDNN (P>0.05). However, RMSSD were significantly lower in 
both moderate FM (P=0.050) and severe FM (P=0.020) when 
compared to healthy women. In the frequency domain analysis, 
the lnLF, LF, and HF expressed in normalized units, and the LF/HF 
were not significant different among the moderate and severe FM 
and healthy women (all P>0.05). On the other hand, the lnHF 
was significantly lower in both moderate FM (P=0.037) and se-
vere FM (P=0.011) when compared to healthy women. Similarly, 
in the Poincaré plot analysis, the SD1 was significantly lower in 
both moderate FM (P=0.047) and severe FM (P=0.017) when 
compared to healthy women, while the SD2 and the ratio SD1/
SD2 were both not significantly different among the three groups 
(P>0.05).

The correlations between physical fitness variables and HRV 
indexes of parasympathetic activity are shown in Table 3. The 
lower-body flexibility and cardiorespiratory fitness were not sig-
nificantly correlated with the RMSSD, lnHF and SD1 (P>0.05). 

Table 1. Anthropometric, clinical, and physical fitness characteristics among women with moderate and severe fibromyalgia and healthy women

Characteristic Healthy women (n= 17) Moderate FM (n= 15) Severe FM (n= 20) P-value

Age (yr) 44.3± 9.9 43.6± 9.5 49.7± 6.6 0.076
FIQR total score (0–100) - 51.2± 5.6 75.2± 10.2# 0.0001
Disease duration (yr) - 8.50± 6.07 8.57± 6.68 0.999
Height (cm) 1.57± 0.06 1.61± 0.06 1.59± 0.06 0.249
Weight (kg) 65.7± 9.5 71.3± 13.7 65.7± 9.5 0.168
Body mass index (kg/m2) 26.4± 3.7 28.1± 4.9 26.5± 3.7 0.634
Waist circumference (cm) 90.5± 10.9 89.4± 11.7 87.8± 9.2 0.528
Total body fat mass (kg) 24.9± 6.2 29.1± 7.9 28.7± 9.9 0.282
Total body lean mass (kg) 41.3± 3.7 43.4± 5.7 42.9± 4.5 0.408
Body fat percentage (%) 36.4± 6.3 38.9± 6.1 38.5± 7.4 0.418
Systolic blood pressure (mmHg) 117.7± 10.7 117.3± 8.5 116.5± 11.9 0.941
Diastolic blood pressure (mmHg) 72.6± 9.4 75.1± 10.1 75.1± 9.7 0.698
Heart rate (beats/min) 73.0± 10.0 75.0± 11.0 76.0± 10.0 0.750
Chair sit and reach test (cm) -3.6± 12.1 -6.9± 9.4 -10.5± 9.5 0.138
Chair stand test (reps) 15.2± 1.9 11.4± 3.5* 9.1± 3.1*,# 0.0001
6-Min walk test (m), median (IQR) 538 (68) 496 (101)* 448 (62)*,# 0.0001

Values are the mean± standard deviation unless otherwise indicated.
FM, fibromyalgia; FIQR, Revised Fibromyalgia Impact Questionnaire; IQR, interquartile range.
*Significantly lower compared to healthy women (P< 0.05). #Significantly different compared to moderate FM (P< 0.05).
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However, the lower-body muscle strength was positively associat-
ed with lnHF (r=0.36, P=0.032).

DISCUSSION

In the present study, we aimed to compare the physical fitness 
and the cardiac autonomic activity among women with moderate 
and severe FM and healthy women. The main findings of this study 
suggest that FM patients have a reduced lower-body muscle strength 
and cardiorespiratory fitness, with a greater impairment for both 
components of physical fitness in severe FM. In addition, HRV 
indexes indicating cardiac parasympathetic activity were blunted 
in both moderate and severe FM compared to healthy women, but 
were not aggravated in severe FM in comparison to moderate FM.

The women with FM showed reduced cardiorespiratory fitness 
and lower-body muscle strength compared to healthy women in 
this study, with a greater reduction for both components of physi-
cal fitness in severe FM when compared to moderate FM. The great-
er physical deconditioning in patients with higher FM severity 
levels is in accordance with previous findings (Aparicio et al., 2013; 
Ángel et al., 2012). It is well known that FM patients are less 

physically active than age- and sex-matched healthy controls (Mc-
Loughlin et al., 2011; Segura-Jiménez et al., 2015). Notwithstand-
ing, the sedentary lifestyle of FM patients trend to be more pro-
nounced as the level of FM increases (Segura-Jiménez et al., 2015; 
Segura-Jiménez et al., 2017). For this reason, the reduced cardio-
respiratory fitness and lower-body muscle strength in women with 
severe FM observed in this study might be a consequence of such 
decrease level of physical activity. The physical deconditioning in 
FM results in a greater difficult to perform daily routine activities, 
such as walking and lifting (Góes et al., 2012). The functional ca-
pacity in FM is similar to that observed in elderly people, and may 
contribute to decrease the quality of life among this population 
(Santos E Campos et al., 2020). Moreover, the level of FM severity 
has been negatively associated with overall physical fitness (Car-
bonell-Baeza et al., 2013; Soriano-Maldonado et al., 2015), which 
reinforces the importance of regular physical exercise practice as a 
nonpharmacological tool for the management of FM symptoms.

The lower-body flexibility was similar among the moderate 
FM, severe FM, and healthy women in the present study. This re-
sult did not corroborate with previous findings demonstrating a 
reduction in lower-body flexibility in FM patients, with greater 
impairment in severe FM (Ángel et al., 2012; Aparicio et al., 2013). 
It should be mentioned that the cutoff points used to discriminate 
the FM severity levels according to total score obtained in the FM 
impact questionnaire were 39 to 58 points for moderate FM and 
59 to 100 points for severe FM in this study. On the other hand, 
the previously mentioned studies used scores <70 for moderate 
FM and ≥70 for severe FM (Ángel et al., 2012; Aparicio et al., 
2013). In addition, the sit and reach test was performed in a chair, 
with measures taken separately for right and left lower limbs in 
the present study (Carbonell-Baeza et al., 2015). In an aforemen-
tioned study, a Wells bench was used to assess the lower-body flex-
ibility for both the right and left lower limbs at the same time 
(Ángel et al., 2012). Thus, the methodological differences regard-

Table 2. Indexes of heart rate variability among women with moderate and 
severe fibromyalgia and healthy women

Variable Healthy women 
(n= 17)

Moderate FM 
(n= 15)

Severe FM 
(n= 20) P-value

Time domain
RRi (ms) 834.5± 114.1 818.7± 123.5 807.4± 114.1 0.784
SDNN (ms) 32.3± 12.9 25.6± 10.2 23.8± 9.3 0.057
RMSSD (ms) 30.1± 12.8 21.9± 11.1* 21.1± 10.3* 0.044

Frequency domain
lnLF (ms²) 6.1± 0.8 5.7± 0.8 5.4± 1.1 0.085
lnHF (ms²) 5.8± 0.9 5.1± 1.1* 4.9± 1.1* 0.037
LF (n.u.) 65.3± 12.1 60.7± 19.1 57.9± 13.1 0.406
HF (n.u.) 42.1± 13.2 34.7± 12.1 39.3± 19.1 0.408
LF/HF, median (IQR) 1.6 (1.1) 2.1 (1.4) 1.9 (2.6) 0.587

Poincaré plot
SD1 (ms) 21.3± 9.1 15.6± 7.8* 14.8± 6.9* 0.038
SD2 (ms) 40.2± 16.6 32.5± 12.4 29.9± 11.9 0.080
SD1/SD2, median (IQR) 1.9 (0.7) 2.2 (0.6) 1.9 (1.1) 0.526

Values are the mean± standard deviation unless otherwise indicated.
RRi, R-R intervals; SDNN, standard deviation of consecutive RRi; RMSSD, root 
mean square of the successive differences between adjacent RRi; LF, low-frequen-
cy power; HF, high-frequency power; InLF, natural logarithm of low-frequency pow-
er; InHF, natural logarithm of high-frequency power; n.u., normalized units; IQR, in-
terquartile range; SD1, standard deviation of the instantaneous beat-to-beat RRi 
variability; SD2, standard deviation of the continuous long-term RRi variability.
*Significantly lower compared to healthy women (P< 0.05).

Table 3. Correlation between physical fitness variables and heart rate variabil-
ity indexes of parasympathetic activity in fibromyalgia patients (n= 35)

Variable 
Chair sit and reach

 
6-Min walk test

 
Chair stand test

r P-value r P-value r P-value

RMSSD 0.07 0.68 0.10 0.54 0.28 0.09
lnHF 0.09 0.58 0.32 0.06 0.36* 0.032
SD1 0.08 0.65  0.12 0.48  0.29 0.08

InHF, natural logarithm of high-frequency power; RMSSD, root mean square of the 
successive differences between adjacent RRi; SD1, standard deviation of the in-
stantaneous beat-to-beat RRi variability; RRi, R-R intervals.
*Significant correlation (P= 0.032).
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ing the cut off points of FM impact questionnaire to classify the 
disease severity and the test used to assess the lower-body flexibil-
ity may explain these conflicting results.

As the three groups studied (i.e., healthy women, moderate and 
severe FM) were different in terms of physical fitness, particularly 
for lower-body muscle strength and cardiorespiratory fitness, we 
were therefore able to explore the impact of physical fitness on 
HRV in women with moderate and severe FM. In this study, women 
with FM had reduced resting parasympathetic tone (lower RMSSD, 
lnHF, and SD1) when compared to healthy women. This finding 
is consistent with several other studies that also found lower rest-
ing parasympathetic activity in patients with FM (Figueroa et al., 
2008; Furlan et al., 2005; Kang et al., 2016; Kulshreshtha et al., 
2012; Lerma et al., 2011; Rost et al., 2021). The main new find-
ing of the present study extends these previous documented ab-
normalities by providing evidence that parasympathetic hypoac-
tivity was observed in both moderate and severe FM groups, with 
similar cardiac parasympathetic tone between the two FM severity 
levels studied. In addition, only the number of repetitions performed 
on the chair stand test was positively associated with the lnHF. 
Taken together, these findings indicate that the cardiac parasym-
pathetic tone in women with severe FM is not aggravated, despite 
lower levels of physical fitness in comparison to moderate FM.

The reason for similar cardiac parasympathetic hypoactivity in 
moderate and severe FM is unknown. Indeed, a physically inactive 
lifestyle is associated with impaired cardiovascular autonomic mod-
ulation in healthy individuals (Hughson and Shoemaker, 2015; 
Zaffalon-Júnior et al., 2018), particularly for parasympathetic tone 
(Buchheit et al., 2005; Niemela et al., 2019; Tebar et al., 2020). 
However, the RMSSD for moderate and severe FM in this study 
(~21 ms in average) was close to that reported in other studies with 
middle-aged FM women (~19 to 21 ms in average) (Kang et al., 
2016; Kulshreshtha et al., 2012; Rost et al., 2021). Interestingly, 
being sedentary was not considered as inclusion criteria in the 
aforementioned studies. As the cardiac autonomic abnormalities 
might be linked to FM pathogenesis (Lerma et al., 2011; Martinez- 
Lavin, 2007; Schamne et al., 2021), it is possible that great physi-
cal deconditioning as a consequence of critical reduced physical 
activity level in severe FM may not decrease much more the cardi-
ac vagal tone, which is already decreased due to the FM pathogen-
esis. Such idea must be confirmed in future studies. Nevertheless, 
it should be pointed out that resting cardiac autonomic impair-
ments have been associated with a greater risk of cardiovascular 
events and mortality (Thayer et al., 2010; Tsuji et al., 1996). Some 
studies have documented improvements in cardiac autonomic 

function after a few weeks of physical exercise intervention in pa-
tients with FM (Figueroa et al., 2008; Villafaina et al., 2020). Al-
though the physical exercise interventions seem to be promising 
to improve cardiac autonomic function, the effects of chronic in-
tervention with regular exercise programs in FM patients have been 
little studied and deserve further investigation.

Some limitations in this study must be mentioned. Firstly, the 
inclusion of a group with mild FM severity could help to better 
understand the physical fitness and HRV, as well as the relation-
ship between these two variables in FM patients with all severity 
levels. Secondly, there were no control for medications intake be-
fore the physical fitness tests in this study. It should be taken into 
account, however, that increased muscle pain as a consequence  
of avoiding medications intake on pretest may lead to fear of 
movement (De Gier et al., 2003) and reduced physical perfor-
mance (Góes et al., 2012). In addition, the cardiorespiratory fit-
ness and lower-body muscle strength persisted lower in FM pa-
tients even under the effect of wide range of medications such as 
analgesics, anti-inflammatories, and muscle relaxants, all of which 
decrease the clinical manifestations of FM (Sarzi-Puttini et al., 
2020; Schmidt-Wilcke and Clauw, 2011). In this sense, the lack 
of control for medications intake before the tests might have not 
impacted our results. Finally, the level of physical activity was not 
objectively measured in this study. It is noteworthy that the par-
ticipants were all sedentary with no participation in regular phys-
ical exercise practice in the last 6 months prior to the beginning of 
this study. However, a more accurate determination of the level of 
physical activity would help to discuss the physical deconditioning 
and its impact on HRV in FM. Despite these potential limita-
tions, the present study improved the current knowledge about 
physical fitness and cardiac autonomic function in women with 
different levels of FM severity.

In conclusion, this study demonstrated that the cardiac para-
sympathetic activity is similarly decreased in women with both 
moderate and severe FM in comparison to healthy women, despite 
a greater physical deconditioning in severe FM. Notwithstanding, 
strategies aiming to improve the physical fitness and cardiac auto-
nomic function, such as the regular physical exercise practice, 
should be considered of great importance for FM patients regard-
less the level of disease severity.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.



https://www.e-jer.org    139https://doi.org/10.12965/jer.2244070.035

Sochodolak RC, et al.  •  Physical fitness in fibromyalgia

ACKNOWLEDGMENTS

The authors received no financial support for this article.

REFERENCES

Ángel LR, Santos-e-Campos MA, Mejía-Meza JA, Delgado-Fernández, 
Heredia JM, Analysis of the physical capacity of women with fibro-
myalgia according to the severity level of the disease. Rev Bras Med 
Esporte 2012;18:308-312.

Aparicio VA, Carbonell-Baeza A, Ruiz JR, Aranda P, Tercedor P, Delgado- 
Fernández M, Ortega FB. Fitness testing as a discriminative tool for 
the diagnosis and monitoring of fibromyalgia. Scand J Med Sci Sports 
2013;23:415-423.

Bellato E, Marini E, Castoldi F, Barbasetti N, Mattei L, Bonasia DE, Blonna 
D. Fibromyalgia syndrome: etiology, pathogenesis, diagnosis, and 
treatment. Pain Res Treat 2012:2012:426130.

Bennett RM, Friend R, Jones KD, Ward R, Han BK, Ross RL. The Revised 
Fibromyalgia Impact Questionnaire (FIQR): validation and psycho-
metric properties. Arthritis Res Ther 2009;11:R120.

Buchheit M, Simon C, Charloux A, Doutreleau S, Piquard F, Branden-
berger G. Heart rate variability and intensity of habitual physical ac-
tivity in middle-aged persons. Med Sci Sports Exerc 2005;37:1530-1534.

Carbonell-Baeza A, Álvarez-Gallardo IC, Segura-Jiménez V, Castro-Piñero 
J, Ruiz JR, Delgado-Fernández M, Aparicio VA. Reliability and feasi-
bility of physical fitness tests in female fibromyalgia patients. Int J Sports 
Med 2015;36:157-162.

Carbonell-Baeza A, Ruiz JR, Aparicio VA, Ortega FB, Delgado-Fernández 
M. The 6-minute walk test in female fibromyalgia patients: relationship 
with tenderness, symptomatology, quality of life, and coping strategies. 
Pain Manag Nurs 2013;14:193-199.

Cohen H, Neumann L, Shore M, Amir M, Cassuto Y, Buskila D. Autonomic 
dysfunction in patients with fibromyalgia: application of power spec-
tral analysis of heart rate variability. Semin Arthritis Rheum 2000;29: 
217-227.

De Gier M, Peters ML, Vlaeyen JW. Fear of pain, physical performance, 
and attentional processes in patients with fibromyalgia. Pain 2003;104: 
121-130.

Figueroa A, Kingsley JD, McMillan V, Panton LB. Resistance exercise train-
ing improves heart rate variability in women with fibromyalgia. Clin 
Physiol Funct Imaging. 2008;28:49-54.

Furlan R, Colombo S, Perego F, Atzeni F, Diana A, Barbic F, Porta A, Pace 
F, Malliani A, Sarzi-Puttini P. Abnormalities of cardiovascular neural 
control and reduced orthostatic tolerance in patients with primary fi-
bromyalgia. J Rheumatol 2005;32:1787-1793.

Góes SM, Leite N, Shay BL, Homann D, Stefanello JM, Rodacki AL. Func-
tional capacity, muscle strength and falls in women with fibromyalgia. 
Clin Biomech (Bristol, Avon) 2012;27:578-583.

Hoshi RA, Pastre CM, Vanderlei LC, Godoy MF. Poincaré plot indexes of 
heart rate variability: relationships with other nonlinear variables. Au-
ton Neurosci 2013;177:271-274.

Hughson RL, Shoemaker JK. Autonomic responses to exercise: decondition-
ing/inactivity. Auton Neurosci 2015;188:32-35.

Kang JH, Kim JK, Hong SH, Lee CH, Choi BY. Heart rate variability for 
quantification of autonomic dysfunction in fibromyalgia. Ann Rehabil 
Med 2016;40:301-309.

Kulshreshtha P, Deepak KK. Autonomic nervous system profile in fibro-
myalgia patients and its modulation by exercise: a mini review. Clin 
Physiol Funct Imaging 2013;33:83-91.

Kulshreshtha P, Gupta R, Yadav RK, Bijlani RL, Deepak KK. A compre-
hensive study of autonomic dysfunction in the fibromyalgia patients. 
Clin Auton Res 2012;22:117-122.

Lerma C, Martinez A, Ruiz N, Vargas A, Infante O, Martinez-Lavin M. 
Nocturnal heart rate variability parameters as potential fibromyalgia 
biomarker: correlation with symptoms severity. Arthritis Res Ther 
2011;13:R185.

Martinez-Lavin M. Biology and therapy of fibromyalgia. Stress, the stress 
response system, and fibromyalgia. Arthritis Res Ther 2007;9:216.

McLoughlin MJ, Colbert LH, Stegner AJ, Cook DB. Are women with fi-
bromyalgia less physically active than healthy women? Med Sci Sports 
Exerc 2011;43:905-912.

Meeus M, Goubert D, De Backer F, Struyf F, Hermans L, Coppieters I, De 
Wandele I, Da Silva H, Calders P. Heart rate variability in patients 
with fibromyalgia and patients with chronic fatigue syndrome: a sys-
tematic review. Semin Arthritis Rheum 2013;43:279-287.

Niemela M, Kiviniemi A, Kangas M, Farrahi V, Leinonen AM, Ahola AR, 
Tammelin T, Puukka K, Auvinen J, Korpelainen R, Jämsä T. Prolonged 
bouts of sedentary time and cardiac autonomic function in midlife. 
Transl Sports Med 2019;2:341-350.

Paiva ES, Heymann RE, Rezende MC, Helfenstein M Jr, Martinez JE, Proven-
za JR, Ranzolin A, de Assis MR, Pasqualin VD, Bennett RM. A Brazil-
ian Portuguese version of the Revised Fibromyalgia Impact Question-
naire (FIQR): a validation study. Clin Rheumatol 2013;32:1199-1206.

Queiroz LP. Worldwide epidemiology of fibromyalgia. Curr Pain Head-
ache Rep 2013;17:356.

Ross R, Neeland IJ, Yamashita S, Shai I, Seidell J, Magni P, Santos RD, Ar-
senault B, Cuevas A, Hu FB, Griffin BA, Zambon A, Barter P, Fruchart 
JC, Eckel RH, Matsuzawa Y, Després JP. Waist circumference as a vital 
sign in clinical practice: a Consensus Statement from the IAS and ICCR 
Working Group on Visceral Obesity. Nat Rev Endocrinol 2020;16:177-



https://doi.org/10.12965/jer.2244070.035

Sochodolak RC, et al.  •  Physical fitness in fibromyalgia

140    https://www.e-jer.org

189.
Rost S, Crombez G, Sütterlin S, Vögele C, Veirman E, Van Ryckeghem DML. 

Altered regulation of negative affect in patients with fibromyalgia: a 
diary study. Eur J Pain 2021;25:714-724.

Santos E Campos MA, Párraga-Montilla JA, Aragón-Vela J, Latorre-Román 
PA. Effects of a functional training program in patients with fibromy-
algia: a 9-year prospective longitudinal cohort study. Scand J Med Sci 
Sports 2020;30:904-913.

Sarzi-Puttini P, Giorgi V, Marotto D, Atzeni F. Fibromyalgia: an update 
on clinical characteristics, aetiopathogenesis and treatment. Nat Rev 
Rheumatol 2020;16:645-660.

Schamne JC, Ressetti JC, Lima-Silva AE, Okuno NM. Impaired cardiac 
autonomic control in women with fibromyalgia is independent of 
their physical fitness. J Clin Rheumatol 2021;27(6S):S278-S283.

Schmidt-Wilcke T, Clauw DJ. Fibromyalgia: from pathophysiology to 
therapy. Nat Rev Rheumatol 2011;7:518-527.

Segura-Jiménez V, Álvarez-Gallardo IC, Estévez-López F, Soriano-Maldo-
nado A, Delgado-Fernández M, Ortega FB, Aparicio VA, Carbonell-Bae-
za A, Mota J, Silva P, Ruiz JR. Differences in sedentary time and phys-
ical activity between female patients with fibromyalgia and healthy 
controls: the al-Ándalus project. Arthritis Rheumatol 2015;67:3047-3057.

Segura-Jiménez V, Gavilán-Carrera B, Acosta-Manzano P, Cook DB, Es-
tévez-López F, Delgado-Fernández M. Sedentary time accumulated in 
bouts is positively associated with disease severity in fibromyalgia: 
the al-Ándalus project. J Clin Med 2020;9:733.

Segura-Jiménez V, Soriano-Maldonado A, Estévez-López F, Álvarez-Gal-
lardo IC, Delgado-Fernández M, Ruiz JR, Aparicio VA. Independent 
and joint associations of physical activity and fitness with fibromyalgia 
symptoms and severity: the al-Ándalus project. J Sports Sci 2017;35: 
1565-1574.

Soriano-Maldonado A, Henriksen M, Segura-Jiménez V, Aparicio VA, 
Carbonell-Baeza A, Delgado-Fernández M, Amris K, Ruiz JR. Associ-
ation of physical fitness with fibromyalgia severity in women: the al- 
Ándalus project. Arch Phys Med Rehabil 2015;96:1599-1605.

Task Force of the European Society of Cardiology and the North Ameri-
can Society of Pacing and Electrophysiology. Heart rate variability: 
standards of measurement, physiological interpretation and clinical 
use. Circulation 1996;93:1043-1065.

Tebar WR, Ritti-Dias RM, Mota J, Farah BQ, Saraiva BTC, Damato TMM, 
Delfino LD, Aguilar BAS, Dos Santos AB, Silva SCB, Vanderlei LCM, 
Christofaro DGD. Relationship between domains of physical activity 
and cardiac autonomic modulation in adults: a cross-sectional study. 
Sci Rep 2020;10:15510.

Thayer JF, Yamamoto SS, Brosschot JF. The relationship of autonomic im-
balance, heart rate variability and cardiovascular disease risk factors. 
Int J Cardiol 2010;141:122-131.

Tsuji H, Larson MG, Venditti FJ Jr, Manders ES, Evans JC, Feldman CL, 
Levy D. Impact of reduced heart rate variability on risk for cardiac 
events. The Framingham Heart Study. Circulation 1996;94:2850-2855.

Villafaina S, Collado-Mateo D, Domínguez-Muñoz FJ, Gusi N, Fuentes- 
Garcia JP. Effects of exergames on heart rate variability of women with 
fibromyalgia: a randomized controlled trial. Sci Rep 2020;10:5168.

Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Katz RS, Mease P, 
Russell AS, Russell IJ, Winfield JB, Yunus MB. The American College 
of Rheumatology preliminary diagnostic criteria for fibromyalgia and 
measurement of symptom severity. Arthritis Care Res (Hoboken) 2010; 
62:600-610.

Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier C, Goldenberg 
DL, Tugwell P, Campbell SM, Abeles M, Clark P, Fam AG, Farber SJ, 
Fiechtner JJ, Franklin CJ, Gatter RA, Hamaty D, Lessard J, Lichtbroun 
AS, Masi AT, Mc-Cain GA, Reynolds J, Romano TJ, Russell IJ, Sheon 
RP. The American College of Rheumatology 1990 criteria for the clas-
sification of fibromyalgia. Report of the multicenter criteria committee. 
Arthritis Rheum 1990;33:160-172.

Zaffalon-Júnior JR, Viana AO, de Melo GEL, De Angelis K. The impact of 
sedentarism on heart rate variability (HRV) at rest and in response to 
mental stress in young women. Physiol Rep 2018;6:e13873.


