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Abstract
Objective: To compare the heart rate variability (HRV) before and after a sub-maximal exercise test in women
with fibromyalgia (FM) and to compare the result to matched controls. Additionally, to compare heart rate (HR)
before, during and after the sub-maximal exercise test.
Methods: Twenty-four women with FM and 26 controls performed a sub-maximal exercise test. HRV was
registered for 5 minutes at rest before and after the exercise test. HR was registered at baseline, during the exercise
test and at recovery.
Results: The HRV of the healthy group was statistically different from the exercise test but the women with FM
showed no such difference. HR was significantly higher among the women with FM than in the healthy group at
baseline and up to 75W but lower at peak (138/152 bpm, p<0.008). In women with FM HR during exercise (HR2)
was predicted by heart rate recovery (HRR20) and physical exertion (RPE2). HRR20 and RPE2 accounted for 0.465
of the variance (p=0.006) in HR2. In healthy women HR2 correlated with HRR20 and negatively with physical activity
(PhA). In the reference group HRR20 and PhA accounted for 0.448 (p=0.002) of the variance HR.
Conclusion:The HRV in women with FM show less adjustment of the ANS while not being significantly affected
by submaximal exercise as healthy women. In healthy women heart rate during the test was negatively related to
PhA. In women with FM exertion seems to replace an effect from exercise on physiological adaptation. FM may
entail imperceptible extraction of power from PhA while under load. Links to FM pain will be discussed.
Women with FM seem to rate exertion “Very hard” on lower workload and HR than healthy women. The
physiotherapeutic methodology for measuring HRV with basic HR monitors should be improved before it can be
recommended for clinical use.

Keywords: Fibromyalgia; Bicycle ergometer test; Heart rate
variability; Cardiac response; Physiotherapy
Introduction
Fibromyalgia (FM) presents a pain syndrome that affects 2–3%
of the population in Sweden and is generally more common among
women than among men [1]. The primary symptom of FM is the
experience of widespread pain in all four quadrants of an individual’s
body. The diagnosis is set using the criteria developed and outlined by
the American College of Rheumatology, that include pain duration
(>three months) and pain localization (≥ 11/18 tender points) [2].
Several studies have shown changes in the autonomous nervous
system (ANS) of individuals presenting FM that are manifested as
sympathetic hyperactivity and parasympathetic hypoactivity [3,4].
No specific test may solely measure autonomic function but the
registration of heart rate variability (HRV) is a non-invasive method
that detects changes in the parasympathetic branch of ANS and in
the balance between sympathetic and parasympathetic activity. HRV
is the variation in time between heartbeats and is based on the time
between the R waves in the electrocardiogram [5]. HRV is measured for
several different parameters and in individuals presenting FM. These
parameters are deviant and lower in comparison with the HRV observed
in healthy reference persons [3,6,7]. Parasympathetic hypoactivity in
women with FM may be detected through HRV measurements and
has been associated with poor sleep quality [5,8] and chronic fatigue
syndrome [9]. Further, HRV parameters correlate with pain severity
and depression [4].
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Exercise therapy has a positive effect on FM including reduction of
pain and depression, improved physical functioning and global health
[10]. Physical exercise improves symptoms and quality-of-life but does
not alter the autonomic modulation [11]. Nijs et al. [12] concluded
that exercise as a prescription requires finesse. Physical therapists
may contribute this finesse and guide persons with FM to activation
self-management [12,13]. In healthy subjects, HRV has been used to
optimize exercise load and increased knowledge about HRV in FM
could optimize physical therapy exercise interventions [3].
Changes in ANS may cause also disturbances in the ability to
regulate heart rate (HR). These disturbances are termed chronotropic
incompetence referring to the inability of the heart to increase its rate
commensurate with increased activity or demand as required with
physical exertion [14]. It produces exercise intolerance which impairs
quality-of-life [15]. Attempts to study ANS through HR-response
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during exercise tests in women presenting FM have shown, compared
to healthy persons, a reduced HR-response during strenuous exercise
on a bicycle [16,17]. HR recovery is slower in persons with FM than
in healthy controls following a maximal exercise test [6]. HRV has not
been studied at recovery from submaximal exercise in women with FM.

Aim
The main purpose of the present study was to investigate the
baseline values and the response of HRV after an incremental, aerobic
submaximal exercise test in female patients presenting FM and to
compare the result to a gender- and age-matched healthy control group.
The ancillary purpose was to study HR before, during and after the
exercise exertion test in both groups.

Methods
Subjects
Recruitment: Twenty-five women presenting FM were recruited
from primary health care and rehabilitation centres in the region of
Västra Götaland (Sweden) all of whom had expressed as interest in
participating in the study. The healthy control group was recruited
primarily from employees (volunteers) within the health care service,
but was complemented with other volunteers in order to obtain for the
distribution of age and education level to match that of the women with
FM. The age match was made pairwise ±3 years.
Inclusion: Inclusion criteria were female participants, aged 20-60
years with a registered FM diagnosis within the last 7 years.
Exclusion: Exclusion criteria were prior trauma to the head, brain
damage, severe somatic disease, muscular disease, heart disease or
anemia, dependent in personal activities of daily life as well as drugs
affecting HR
The healthy control group were required to confirm their healthy
status, and the same exclusion criteria as for the FM patients were used,
with one addition: prolonged pain.

Study design
This was a cross-sectional study comparing two groups and is part of a
larger study, “Affective, cognitive and defensive interplay in fibromyalgia:
from premorbid strain to treatment of somatic manifestations”. The
study protocol was approved by the Regional Ethical Review Boards
at the University of Gothenburg and was designed according to the
Declaration of Helsinki, revised 1983. Informed consent was obtained
from all the participants prior to the study.
Procedure: The attending physician for each woman presenting
FM was contacted to confirm the FM diagnosis and to certify their
appropriateness for inclusion in the study. Demographic data was
collected through questionnaires sent to the home of each participant
along with questionnaires about quality of life and physical activity.
Participants were assigned to a rehabilitation center to perform a
submaximal exercise test. In conjunction with the test, body weight and
height were registered.
Characteristics: Current pain, on a visual analog scale (VAS) 100
mm, was measured before the test to characterize the women with FM,
together with the questionnaires regarding quality of life and physical
activity levels.
To assess quality of life the Short-Form 36 (SF 36) was used. The SF
36 measures health on eight different subscales and is summarized on
one physical and one mental health scale ranging between 0 and 100
Clin Exp Psychol, an open access journal
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where a higher value represents a higher estimated quality of life [18].
SF 36 has showed to be an appropriate instrument for assessing quality
of life in women presenting FM [19].
The Godin Leisure-Time Exercise Questionnaire and The SaltinGrimby Physical Activity Level Scale were used to evaluate physical
activity and [20,21]. The latter consists of one question about physical
activity the last three months with four answer choices. It has been
found to have good validity and reliability in an adult, Swedish sample
[22].The Godin Leisure-Time Exercise Questionnaire assessed leisure
time exercise behaviour and gives a value calculated from time and
activity level per week. It presents a question regarding the frequency
of sweat-inducing activities. The questionnaire has been tested with
satisfactory results for reliability and validity [23].
Submaximal exercise test: Subjects performed a stepwise load
increment submaximal exercise test on an electronically braked
cycle ergometer (839 E, Monark, Vansbro, Sweden) to the very hard
perceived exertion level. The testing was conducted at the same time
of day (afternoon) at least 3 hours after the last meal or coffee and the
participants were asked to avoid smoking prior to the test. Before the
exercise test, HRV was recorded for 5 minutes during a supine rest.
HRV was recorded by a Polar RS 800CX heart rate monitor (Polar
electro, Kempele, Finland) that performs HRV recordings satisfyingly
compared with an ambulatory electrocardiography system [24]. HR
and blood pressure was measured after 10 minutes of supine rest. HR
was registered from the heart rate monitor and blood pressure was
taken manually with stethoscope (Littmann Classic II S.E., 3M, St. Paul,
Minnesota) and sphygmomanometer (Welch Allyn, Inc., Skaneateles
Falls, New York, USA). HR, blood pressure and rating on the Borg
RPE scale (rating of perceived exertion) was collected during the
submaximal test that started at a workload of 25 W and was increased
with 25 W each 4 minutes. When the subject responded with 17 (very
hard) on the Borg RPE scale, she was asked to carry out the remaining
minutes at the present workload if possible [25]. Directly after the test
the subjects had 20 minutes of supine rest during which HR and blood
pressure was measured after 1, 2, 4, 10, 15 and 20 minutes and HRV
was recorded for the last 5 minutes. Blood pressure is not currently
presented as an outcome.

Data analysis
The RR-interval was analyzed with the computer program Kubios
HRV 2.1 (Biosignal Analysis and Medical Imaging Group, Joensuu,
Finland). Analyses were conducted according to conventional methods
in both time domain and frequency domain according to the task force
guidelines of 1996 [5]. In the time domain, the standard deviation of
RR-intervals (SDNN) and the square root of the mean of the sum of
the squares of the difference between adjacent intervals (RMSSD) were
selected for statistical analysis. Fast Fourier Transform was used to
obtain the power spectral density of the HR. High frequency (HF) was
defined as 0.15-0.4 Hz and low frequency (LF) was defined as 0.04-0.15
Hz. The result was expressed in normalized units (n.u.) and in LF/HF ratio.
Maximal power (W) from the interrupted levels of the exercise test
was calculated according to Strandell as follows:
(Maximal power) = (Submaximal power) + (25*n/4)
Where submaximal power is the power expressed in W on the level
below the interrupted level, and n is the number of minutes completed
at the highest level [26].
HR recovery is defined as the difference between the highest
achieved HR and the HR 1, 2, 4, 10, 15 and 20 minutes after the
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test. For the statistical analysis the statistical package for the social
sciences (version 22, 2013 SPSS Inc., Chicago, IL, USA) was used. For
comparisons of HR unpaired Student’s t test with two-tailed significance
was used. Non-parametric Mann-Whitney U test was used when the
data was not normally distributed and for ordinal-level data. To decide
if data was normally distributed Shapiro-Wilk’s test was performed and
a z-value between -1.96 and +1.96 for skewness and kurtosis was sought
for normality [27]. Data is reported as mean ± SD or median and range.
The significance level was set at an alpha <0.05. In a further step a
correlative examination was performed group wise regarding residuary
variables where women with fibromyalgia significantly differed from
healthy women. The amount of variables was restricted through
formation of sum variables concerning successive levels of workload.
In order also to determine the relationship between predictor variables
other than HRV and the HR response to exercise a linear regression
analysis, using the enter method with the HR sum variable as the
criterion variable, was performed. The predictor variables were chosen
among the variables where women with fibromyalgia significantly
differed from healthy women. The analyses were performed for the study
group and the healthy controls separately. A further consideration was
that both groups retained an acceptable size (around 20 participants)
through both types of calculations. The number of predictor variables
in the regression analysis was adapted by group size. In both types of
calculations the level of significance was .05 two-tailed.

were included in this study to achieve age matching (±3 years).
The characteristics of the subjects are shown in Table 1. There
was a significant difference between the groups in self-rated physical
activity (PHA) on the Saltin-Grimby Physical Activity Level Scale; a
larger number of women with FM were inactive and did not perform
moderate to vigorous physical activity to the same extent as the healthy
referencegroup (p=0.019). However, the level of physical activity
measured with the Godin Leisure-Time Exercise Questionnaire did
not differ between the groups. There was no difference in education
level between the groups; 72.7% of the women with FM and 72% of the
healthy reference group had more than twelve years of education. In the
eight specific domains of SF 36 as well as in the two summarized scores
for physical (PCS) and mental components (MCS) the women with
FM had significantly lower (p<0.001) results compared to the healthy
reference group (Table 1).

HRV
In Table 2 the differences in HRV at baseline and post-test is shown.
Difference between groups at baseline: At baseline no significant
differences between the groups were seen in any of the HRV-parameters.

Subjects

Change within groups: No difference from baseline to post-test
was found in the parameters of HRV within the group with FM. The
healthy reference group showed a significant difference in every studied
HRV-parameter: a reduction in HF n.u., SDNN and RMSSD after the
exercise test.

Twenty-five women with FM were referred to the study, of which
one was excluded due to another condition listed in the exclusion
criteria. Twenty-nine healthy women were examined and 26 of them

Difference between groups for change from baseline to posttest: There was a significant difference between groups in how the
RMSSD parameter was affected by the test; post-test the women with

Results

FM (n=24)

Reference group (n=26)

Mean ± SD

Mean ± SD

p-value

Age (years)

49.4 ± 9.8

48.7 ± 9.0

0.799

BMI (kg/m2)

27.3 ± 6.0

25.1 ± 3.0

0.113

Pain duration (years)

12.7 ± 9.6

NA

Median(min-max)

Median(min-max)

40 (0-99)

NA

Physical component summary

29 (19-40)

55 (33-61)

<0.001

Psychological component summary

29 (11-52)

52 (33-65)

<0.001

n (%)

n (%)

1 (4.5 %)

1 (4 %)

Pain VAS (mm)
SF36 (n=22/25)

Education (n=22/25)
≤ 9 years

0.967

9-12 years

5 (22.7 %)

6 (24 %)

>12 years

16 (72.7 %)

18 (72 %)

Godin, weekly leisure activity (n=20/23)

21 (0-57.5)

33 (8-67)

Never/rarely

9 (45%)

7 (30.4%)

Sometimes

8 (40%)

7 (30.4%)

Often

3 (15%)

9 (39.1%)

7 (31.8 %)

2 (8.3 %)

Godin, frequency of sweat-inducing exercise

0.127

Saltin-Grimby physical activity (n= 22/24)
Inactive

0.059

0.019

Light physical activity

11 (50 %)

11 (45.8 %)

Moderate physical activity

3 (13.6 %)

9 (37.5 %)

Vigorous physical activity

1 (4.5 %)

2 (8.3 %)

Note: Values are given as mean±standard deviation (SD), median (range) and number (percentages).
BMI: Body Mass Index; VAS: Visual Analog Scale; NA: Not Applicable; SF36: Short Form 36 Health Survey
Table 1: Demographic characteristics among FM patients and healthy controls.
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FM (n=21)

Healthy controls (n=25)

Between groups P

Baseline

Baseline

Post test

p-value

Baseline

Post test

p-value

pre test

post test

HF n.u.

34.16 ± 15.5

31.09 ± 20.95

0.467

43.72 ± 20.2

26.81 ± 15.96

0.001

0.105

0.604

LF/HF

2.77 ± 2.32

3.88 ± 3.52

0.467

1.88 ± 1.53

4.27 ± 4.01

0.001

0.105

0.604

SDNN

58.69 ± 47.05

52.64 ± 61.31

0.339

39.82 ± 15.55

29.88 ± 13.21

0.017

0.168

0.069

RMSSD

37.39 ± 49.0

45.18 ± 104.15

0.652

29.37 ± 18.08

14.69 ± 8.27

0.000

1.620

0.189

Note: Values are given as mean ± standard deviation.
LF n.u.: Low Frequency Power in Normalized Units; HF: High Frequency; SDNN: Standard Deviation of NN Intervals; RMSSD: Root Mean of the Sum of the Squares of
the Differences Between Adjacent NN Intervals
Table 2: Heart rate variability at baseline and after submaximal exercise test among FM patients and healthy controls.

FM showed a slightly increased RMSSD on average (+7.78 ms) and the
healthy reference group showed a reduction of 14.68 ms (p=0.013). No
significant difference was present for the change in any other HRVparameter between the two groups.

Exertion during 25 and 50 W (RPE2). In the group of healthy controls
HR2 correlated with HRR20 but also negatively with PhA. In turn PhA
correlated negatively with RPE2. In the group of controls PCS and MCS
showed a significant negative correlation (Tables 6 and 7).

Difference between groups post-test: No significant difference
between the groups was seen regarding the HRV-parameters post-test.

A linear regression analysis enter method was performed
groupwise with HR2 as the criterion variable. Regarding women with
F a significant multiple regression equation was found F (3,15)=6.220,
p=0.002. An adjusted R square explained 0.465 of the variance in HR2
from 2 out of 3 predictors. The significant predictors of HRR20 and
and RPE2 reached significant Beta values of 0.841 with a p value 0f
0.002 and 0.494 with a p value of 0.041 respectively. Concerning healthy
women a significant regression equation was found F (3,20)=7.232,
p=0.002. An adjusted R Square explained 0.448 of the variance in HR2
from 2 out of 3 predictors. The significant predictors were HHR20 and
PhA with Beta values of 0.554 with a p value of 0.002 and -0.390 with a
p value of 0.035 repectively.

Outliers
One of the women with FM showed extreme values in time domain
measures which were the source of the large standard deviations of
these parameters. Calculations with this subject excluded did slightly
change the p-value, however it did not change weather each separate
parameter analysis was significant or not. Analysis of HRV with the one
outlier excluded resulted in a lower mean SDNN and RMSSD for the
women with FM at baseline and post-test (Table 2).

HR
The women with FM had a significantly higher HR than the healthy
reference group at baseline (Table 3).
The average HR at each specific workload which at least 13 people
of each group completed and the achieved workload at peak is shown
in Table 3. The women with FM had a significantly higher HR than the
healthy reference group at each workload up to 75 W both in absolute
and in relative figures. The rated Borg RPE was significantly different
between groups during the test but at peak there were no difference.
The women with FM had a significantly lower peak HR and reached
significantly lower workloads at peak than the healthy reference group.
A slower HR recovery was seen among the women with FM compared
to the healthy reference group in all measurement from 2-20 minutes
(Table 3).
In order for both study groups to remain at level around 20
participants the values concerning HR and RPE at 75 W and 87 W
where excluded. Appurtenant values concerning HR at peak and
relative HR as % of peak were also excluded. After that the correlations
between variables other than HRV where women with fibromyalgia
significantly differed from healthy women namely HR2 (sum variable
of HR 25 W+HR 50 W), HRR20 (sum variable of HRR measurents
during 20 minutes), RPE 2 (sum variable RPE during 25 W+RPE 50
W), including also Saltin-Grimby Physical Activity (PhA), PCS and
MCS was performed group wise (Tables 4 and 5).
Women with F showed fewer correlative links between
measurements than the controls. The observational data of HR2
correlated with the observational data of heart rate recovery over 20
minutes (HRR20). HRR20 correlated negatively with Rated Physical
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Discussion
FM patients differed markedly from the healthy control group with
regard to physical and psychological components, their relative levels of
physical exercise and a wide range of heart rate parameters during rest
(baseline), and physical exercise testing and recovery.

HRV
The women presenting FM in the present study did not display any
difference in HRV between baseline and post-test values. Contrastingly,
the healthy control group was affected markedly by the physical exercise
test over every HRV parameter; a reduction in both the time-domain
parameters as well as HRV is observed during submaximal exercise
testing in both women and men and gradually returns to resting values
during recovery [28,29]. In young, healthy subjects HRV remains
affected 15-25 minutes after both submaximal exercise tests and
resistance training. Casonatto et al. [29] have stated that the length and
intensity of the exercise affects the outcome and have only observed this
effect with regard to the RMSSD [29-31]. The differences pertaining
to how the FM patients and the healthy controls react to the exercise
test in HRV should be noteworthy since HRV has not previously
been studied during recovery in FM patients. Furthermore it may be
suggested that women with F while not being significantly affected in
any HRV parameter failed to physiologically adapt to exercise load.
Certain HRV parameters did not differ betwee the groups: Neither
at baseline nor following the exercise test were there any differences
in the HRV parameters between the two groups. Several previous
studies have shown a deviant HRV in FM patients compared with
healthy subjects, especially in the time-domain measures but also in
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FM (n=24
HR at rest (bpm)

Healthy Controls (n=26)

70 ± 10

p-value

63 ± 8

0.018

HR during test (bpm)
25 W

95 ± 10 (n=24)

87 ± 9 (n=26)

0.004

50 W

111 ± 13 (n=23)

98 ± 10 (n=26)

<0.001

75 W

129 ± 17 (n=16)

115 ± 15 (n=26)

0.005

87.5¹ W

140 ± 17 (n=13)

130 ± 16 (n=25)

0.068

Relative HR during test (% of peak)
25 W

70 ± 12%

58 ± 6%

<0.001

50 W

80 ± 11%

65 ± 7%

<0.001

75 W

89 ± 11%

76 ± 9%

<0.001

87.5¹ W

95 ± 9%

85 ± 9%

0.003

Rated exertion (Borg)
25 W

10 (7-18)

7.5 (6-12)

0.003

50 W

13 (8-20)

11 (7-15)

<0.001
0.010

75 W

15 (12-17)

13 (7-17)

87.5¹ W

17 (13-20)

15 (7-19)

0.003

Peak

17 (17-20)

18 (17-20)

0.652

HR at peak (bpm)

138 ± 21

152 ± 13

0.008

Workload at peak (W)

82 ± 25

122 ± 23

<0.001

1 minute

-43 ± 19

-50 ± 9

0.127

2 minutes

-53 ± 20

-65 ± 12

0.018

HR recovery (bpm)

4 minutes

-57 ± 16

-70 ± 12

0.002

10 minutes

-60 ± 17

-74 ± 11

0.001

15 minutes

-63 ± 17

-77 ± 12

0.002

20 minutes

-65 ± 17

-79 ± 15

0.003

Note: Values are given as mean ± standard deviation or median (range).
HR: Heart Rate; BPM: Beats Per Minute
¹HR after 2 minutes of 100W according to Strandell [26].
Table 3: HR at baseline, during the test and at recovery among FM patients and healthy controls.

HR2

HR2

HRR20

RPE2

PCS

MCS

PhA

1

0.633**

-0.138

-0.075

-0.263

0.368
0.110

Sig. (2-tailed

0.033

0.551

0.761

0.276

N

21

20

21

19

19

20

HRR20

0.633**

1

-0.557**

0.285

-0.021

0.165

Sig. (2-tailed

0.003

0.009

0.237

0.933

0.487

N

20

22

21

19

19

20

RPE2

-0.138

-0.557**

1

-0.385

-0.269

-0.281

Sig. (2-tailed

0.551

0.009

0.093

0.252

0.217

N

21

21

22

20

20

21

PCS

-0.075

0.285

-0.385

1

-0.314

0.147

Sig. (2-tailed

0.761

0.237

0.093

0.165

0.525

N

19

19

20

21

21

21

MCS

-0.263

-0.021

-0.269

-0.314

1

0.121

Sig. (2-tailed

0.276

0.933

0.252

0.165

N

19

19

20

21

21

21

PhA

0.368

0.165

-0.281

0.147

0.121

1

Sig. (2-tailed

0.110

0.487

0.217

0.525

0.600

N

20

20

21

21

21

0.600

22

Note: **Correlation is significant at the 0.01 level. *Correlation is significant at the 0.05 level.
Table 4: Correlations between heart rate HR2 (sum variable HR 25+HR 50W), heart rate recovery HRR20 (sum variable of measurements during 20 minutes), Rated
Physical Exertion RPE2 (sum variable RPE 25+RPE 50W), Physical Component from SF-36 (PCS), Mental Component from SF-36 (MCS) and Physical Activity (PhA) in
women presenting FM.
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HR2

HR2

HRR20

RPE2

PCS

MCS

PhA

1

0.508**

0.286

0.369

-0.339

-0.471*
0.020

Sig. (2-tailed

0.008

0.156

0.100

0.132

N

26

26

26

21

21

24

HRR20

0.508**

1

-0.138

0.372

-0.277

-0.015

Sig. (2-tailed

0.008

0.501

0.097

0.223

0.945

N

26

26

26

21

21

24

RPE2

0.286

-0.138

1

-0.027

-0.260

-0.434*

Sig. (2-tailed

0.156

0.501

0.906

0.256

0.034

N

26

26

26

21

21

24

PCS

0.369

0.372

-0.027

1

-0.573**

0.023

Sig. (2-tailed

0.100

0.097

0.906

0.007

0.924

N

21

21

21

21

21

20

MCS

-0.339

-0.277

-0.260

-0.573**

1

0.094

0.223
21

0.256
21

0.007
21

21

0.69220
1

Sig. (2-tailed
N

0.132
21

PhA

-0.471*

-0.015

-0.434*

0.023

0.094

Sig. (2-tailed

0.020

0.945

0.034

0.924

0.692

N

24

24

24

20

20

24

Note: **Correlation is significant at the 0.01 level. * Correlation is significant at the 0.05 level.
Table 5: Correlations between HR2 (sum variable HR 25W+HR 50W), HRR20 (sum variable of HRR measurements during 20 minutes), RPE2 (sum variable RPE
25W+RPE 50W), Physical Component from SF-36 (PCS), Mental Component from SF-36 (MCS) and Physical Activity (PhA) in healthy controls.
Model

R

R Square

Adjusted R Square

Std. Error of the Estimate

1

0.745

0.554

0.465

15.77526

Table 6: A linear regression analysis using the enter method with HR2 (sum variable 25+50W) as the criterion variable and two other variables from physiological testing
namely Rated Physical Exertion during 25 and 50 W (RPE2) and HRR20 (sum variable of HRR measurements during 20 minutes) as predictors together with Physical
Activity (PhA) concerning women with FM.
Model

R

R Square

Adjusted R Square

Std. Error of the Estimate

1

0.721

0.520

0.448

14.09830

Table 7: A linear regression analysis enter method with HR2 (sum variable 25+50W) as the criterion variable and two other variables recorded during physiological testing
namely Rated Physical Exertion during 25 and 50 W (RPE2) and HRR20 (sum variable of HRR measurements during 20 minutes) as predictors together with Physical
Activity (PhA) concerning healthy controls.

the frequency-domain [3,4,8,32]. In the review by Meeus et al. [33], a
similar result was observed but in a meta-analysis from 2009 by Tak et
al. [34] this difference did not reach significance for a subgroup of FM
patients although the difference was significant for a compound group
with functional somatic disorders. Interestingly, Tak et al. [34] also
reported a varying quality in the conducted studies and a large variety
in the methods used to measure and analyze HRV, which makes the
comparison of the results difficult.
In the present study, large standard deviations concerning all the
measured variables as well as the direction and magnitude of change
during testing were observed by both groups. These variations may
have been the result of several parameters affecting HRV; the variations
displayed by the FM patients may be expected given the intricacies of
their condition. These parameters included, amongst other variables:
age, gender, physical health functioning, menstrual cycle, smoking, pain
sensations, physical exercise propensities, affective status and anxiety
[32,35]. Nevertheless, the present participants, FM patients and healthy
controls, were matched only with regard to gender and age out of the
possible factors involved with the healthy control group reporting a
very low level of pain. Lampman [36] suggests that the reference groups
used for comparison with FM ought to be matched, not only in age
and gender, but also for reported levels of pain, fatigue and depression.
The subjects in the present study were matched for educational level
which is assumed to have certain links with health-related quality of
life [37]. Nevertheless, the SF-36 instrument, which provides a measure
Clin Exp Psychol, an open access journal
ISSN: 2471-2701

of physical and psychological health, showed significant differences
between the two groups. The measure of HRV is affected also by
methodological issues, such as temperature of the examination room
and breathing frequency which were not taken under consideration
when conducting the present study [34].
The use of HRV for monitoring sports training and optimizing
exercise load has not yet been sufficiently examined. It has been suggested
that changes in HRV may offer useful parameters for managing physical
fatigue and exercise intensity [38]. Further validation of these notions
may be beneficial for physiotherapists since physical fatigue and
intensity of exercise strongly affect the outcome of physiotherapeutic
exercise interventions for FM patients [12]. Nevertheless, despite
prevailing conjectures concerning the implications of HRV in sports
contexts, HRV fails to describe all aspects of wellness, fatigue and
performance [39]. Hence, the accumulated professional competence of
physiotherapist-interventions ought to be recruited for the provision of
finesse in the exercise prescription for FM patients [12].

HR
There were no indications that the HR responses were linked to
chronotropic incompetence, the inability of the heart to increase its
rate commensurate with increased activity or demand, among the FM
patients, since their HR was higher than the healthy control group with
comparable workloads. Bardal et al. [17] have shown that a submaximal
exercise test may not be sufficient to detect chronotropic incompetence
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in FM patients. This observation is concordant with Van Denderen et al.
[16] who found differences between groups at workloads above 80 W.
No analysis intended to detect chronotropic incompetence is possible
to perform in any accurate way in the absence of information about
maximum HR. For clinical purposes, it would have been of interest
to be able to detect tendencies for chronotropic incompetence from a
submaximal test although from the present study result this purpose
remains unfeasible. The FM patients in the present study were only able
to perform exercise up to an average of 82 W before the rated exertion
achieved extreme levels while the healthy control group maintained
the ability to continue performing up to an average of 122 W. This
observation implies that FM patients may experience difficulty in the
performance of particular physical activity and exercise programs
designed for healthy women. For FM patients to be able to exercise on
a moderate to high intensity (the Borg scale: RPE 15) without increased
pain, 2 minute interval training has been shown to be appropriate [40].
The situation that participants in the study were not perfectly
matched for physical activity levels may have influenced the outcome.
The FM patients were inactive to a greater extent than the healthy
control group and not as engaged in moderate physical activity as
the latter. Fitness level is strongly correlated to HR but only partially
to HRV [41,42]. Among healthy women an increased HR on each
completed level of exercise was correlated with a lower fitness level [43];
this pattern confirmed also in the present results wherein HR in healthy
women correlated with physical activity whereas FM patients failed to
present the same relationship between HR and exercise thereby differing
from the former. This finding implies in FM wider difficulties of ANS
adaptation that relates to the aforementioned failure to alter autonomic
modulation from exercise [13]. An altogether analogous pattern
regarding a positive effect on FM symptoms but failure improving
autonomous modulation was found from biofeedback training. Only
the healthy controls showed an effect from training on autonomic
modulation [44]. In the present study, rated exertion seemed to replace
an adaptive effect from physical exercise on HR during loading from
exercise. As expected, physical exercise was adaptively, i.e., negatively,
related to RPE in healthy women but not in in the FM patients.
Irrespective of age fitness is manifested as parasympathetic influence
during load in healthy individuals [43] In F this influence from fitness
is missing.
The women with FM rated their exertion on Borg higher during the
test and 17 on Borg RPE at a significantly lower HR than the healthy
reference group. Also in a study of patients with low back pain neither
pain, disability, kinesiophobia nor depression were related to the
accuracy of Borg RPE in relation to HR [45]. The same seem to apply
to women with FM since from the present examination was found that
RPE was not related to any pain measures. Instead pain measures from
SF-36 and from the test were related to HR during load from exercise.
In this respect also intermittent F pain [46,47] was related to HR during
exercise while women with breaks in F pain presented a HR more
similar to that of healthy controls.
The mean age and the general health assessed by SF36 on the studied
sample is similar to that of women presenting FM in previous studies
carried out in the region of Västra Götaland (Sweden) implying that the
sample studied is representative for FM women in the region [48,49].
HRV is said to measure the function of the ANS but the
understanding of the physiological meaning of HRV is incomplete [50].
The method for measuring HRV in the present study can be questioned,
especially in women. The use of basic heart rate monitors has gained in
popularity and is easy to use clinically but the appurtenant methodology
Clin Exp Psychol, an open access journal
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for identification of artifacts and abnormal heartbeats is unsatisfying
and affects the entire analyze of HRV [51]. The large number of
uncertain factors and methodological difficulties in standardizations of
the test, mentioned above, also contribute to the hesitation for clinical
use so far [34].

Conclusion
We have concluded that the HRV in women presenting FM is not
significantly affected by submaximal exercise to the same extent as the
HRV of healthy women. For physiotherapeutic interventions, it ought
to borne in mind that FM women seem to rate exertion “Very hard” on
lower workload and HR than healthy women. Moreover, FM women
display less adjustment of the ANS while not being significantly affected
by submaximal exercise as healthy women. In healthy women, HR
during 25 W and 50W was negatively related to PhA and also to RPE.
In women with FM HR was unrelated to PhA but positively related to
RPE. Exertion seems to replace an effect from exercise on physiological
adaptation in FM a condition that may entail imperceptible extraction
of power from PhA while under load. The unresponsiveness of the
ANS and the cardiovascular system to exercise may hold explanatory
possibilities regarding clinical pain in FM.
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