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ABS TRACT

Objective: It is known that increased sympathetic activity and decreased parasympathetic activity are present in patients with fibromyalgia 
syndrome (FMS). This study aims to investigate the correlations of autonomic dysfunction and differences in autonomic circadian activity with 
arrhythmia prevalence in women with FMS.
Methods: Fifty female patients with FMS and 30 healthy female controls were included in this cross-sectional, case-controlled study. A 12-lead 
electrocardiogram  and 24-hour Holter monitoring were performed in all patients to evaluate arrhythmias and autonomic function tests. Heart rate 
variability (HRV) parameters were utilized to detect autonomic dysfunction in patients with FMS. HRV measurements were performed in total 
24-hour, day time (06:00-22:59), night time (23:00-05:59) periods and during autonomic tests (stand - supine, inspiration-expiration and Valsalva tests)  
using 24-hour Holter monitoring recordings. Student t-test , Mann–Whitney U and Pearson Chi-square tests were used for comparisons of the data 
between groups. The correlation of data was tested by using Spearman correlation analysis. 
Results: The mean ages of the patient and control groups were 38±7.4 and 36±8.1 years, respectively. In HRV measurements, high frequency (HF) 
power, was  significantly decreased in the patient group as compared with control group (167.4 msec2 (107.0- 312.0) vs.314.5  msec2 (124.0- 905.0), 
p=0.017). The low frequency/HF ratio (LF/HF) values for total 24 hours (2.22±0.18 vs. 1.22±0.12, p<0.001) and in the night time period (2.78±1.97 
vs.1.15±0.77, p<0.001) were found to be significantly higher in the patient group than in control one.  The ratio of LF/HFDay / LF/HFNight was markedly 
higher in the control group (2.67 (1.22- 5.65) vs. 1.45 (0.83- 2.05), p=0.004). The prevalence (p=0.028) and total number (127.1±21.4 vs. 187.3±62.3,  
p=0.019) of supraventricular extrasystoles in 24-hour period was higher in the patient group . 
Conclusion: The sympathetic activity was significantly increased and parasympathetic activity significantly decreased in FMS patients. Additionally, 
significant autonomic circadian activity changes were also detected in these patients. These autonomic changes might be linked to increased 
arrhythmia prevalence. (Ana do lu Kar di yol Derg 2009; 9: 110-7) 
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ÖZET

Amaç:   Fibromiyalji  sendromu (FMS) bulunan hastalarda artmış sempatik ve azalmış parasempatik aktivitenin varlığı bilinmektedir. Bu çalışma FMS 
bulunan kadın hastalarda otonomik disfonksiyon ve günlük otonomik aktivite değişimleri ile aritmi sıklığının araştırılmasını amaçlamaktadır.
Yöntemler: Elli FMS bulunan ve 30 sağlıklı kadın (kontrol) enine-kesitli ve vaka kontrollü bu çalışmaya alındı. Her hastaya, otonom sınır sistemi  ve 
aritmi analizi amacı ile  12 kanallı elektrokardiyografi ve 24 saatlik Holter takibi yapıldı. Kalp atım hızı değişkenliği parametreleri  24 saat, gündüz (06:00-
22:59) ve gece (23:00-05-59) ve yapılan otonomik testlere (ayağa kalkış ve yatış, nefes alma ve verme ve Valsalva testleri) ait zaman aralıklarında  24 
saat Holter takip kayıtları kullanılarak ölçüldü. İstatistiksel değerlendirmede verilerin karşılaştırılmasında Student t,  Mann-Whitney U ve Pearson 
Ki-kare testleri  kullanıldı. Veriler arasındaki korelasyonun tespiti için Spearman korelasyon analizi kullanıldı. 
Bulgular: Hasta ve kontrol gruplarının ortalama yaşları sırasıyla 38±7.4 ve 36±8.1 idi. Kalp atım hızı değişkenliği ölçümlerinde yüksek frekans (YF) 
kuvveti hasta grubunda önemli ölçüde düşük olarak bulundu [167.4 msn2 (107.0- 312.0) karşı 314.5 msn2 (124.0- 905.0), p=0.017). Düşük frekans (DF) / 
YF oranı (DF/YF) 24 saatlik dönem için (2.22±0.18’e karşı 1.22±0.12, p<0.001) ve gece dönemi için (2.78±1.97’ye karşı 1.15±0.77, p<0.001) hasta grubunda 
artmış bulundu.  Gündüz ve gece arasında otonomik değişimi yansıtan DF/YFGündüz / DF/YFGece oranı kontrol grubunda daha yüksek olarak bulundu 
(2.67 (1.22-5.65)  karşı 1.45 (0.83- 2.05), p=0.004). Supraventriküler ekstrasistollerin sıklığı (p=0.028) ve toplam günlük sayısı (127.1±21.4’e karşı 187.3±62.3, 
p=0.019) FMS grubunda daha fazla idi. 
Sonuç: Fibromiyalji sendromu saptanan hastalarda sempatik aktivite artmış; parasempatik aktivite azalmıştır. Ayrıca bu hastalarda günlük otonomik 
aktivite değişiminde önemli farklılıklar mevcuttur. Otonomik değişikler artmış aritmi sıklığı ile bağlantılı olabilir.  (Ana do lu Kar di yol Derg 2009; 9: 110-7) 
Anah tar ke li me ler: Fibromiyalji, otonomik sinir sistemi, kalp atım hızı değişkenliği, elektrokardiyografi, aritmi
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In tro duc ti on

Fibromyalgia syndrome (FMS) is an idiopathic, chronic 
syndrome of nonarticular-muscular origin and is characterized 
by widespread and well-localized anatomic points that are 
painful spontaneously especially during palpation (1). Its 
prevalence is about 2% in the general population (2). 
Pathophysiological mechanisms of FMS include multiple factors 
that interact to amplify pain. The primary problem is currently 
believed to be heterogeneous neuroendocrine dysfunction, 
leading to central sensitization or sensitivity. Neuroendocrine 
dysfunction also includes autonomic dysfunction simultaneously 
(3). Furthermore, some authors suggested that some of the signs 
and symptoms of FMS may be due to autonomic dysfunction (2, 4). 
Increased sympathetic and decreased parasympathetic 
activities were detected in FMS patients in several previous 
studies. In most studies, the results of a 24-hour period were 
used for indirect evaluation of autonomic activity (2, 4, 5). Data 
in the literature about circadian autonomic changes in FMS are 
limited. It is well known that circadian autonomic changes are 
important for the mechanisms of many other pathologic 
conditions (6-8). Moreover, pathologic changes in sympathetic 
and parasympathetic activity can cause some types of 
arrhythmias (9). To our knowledge, there is no study in the 
literature documenting the arrhythmia prevalence in FMS.

In this study, we aimed to investigate autonomic dysfunction 
by using various autonomic tests and to investigate related 
daytime and nighttime autonomic changes in patients with FMS 
by means of heart rate variability (HRV) analysis. We also 
searched the arrhythmia prevalence in our patient group and 
their correlation with autonomic activities. 

Methods

Fifty female patients admitted to the Physical Medicine and 
Rehabilitation (PMR) outpatient clinic with widespread 
musculoskeletal pain and diagnosed as primary FMS according 
to the American College of Rheumatology criteria (10) and 30 
healthy age-matched females as controls were included in this 
cross-sectional case-controlled study. Only female patients 
were included in the study in order to avoid the probable effects 
of autonomic differences between genders. The study was 
approved by the Local Ethical Committee. The patients were 
informed about the study and all provided signed informed 
consents. 

Patient selection

Exclusion criteria
Patients with congenital heart disease, cardiomyopathies 

(dilated, hypertrophic or restrictive), left ventricular hypertrophy, 
heart failure (ejection fraction [EF] <50%), conduction 
disturbances (except first-degree atrioventricular [AV] block), 
hypertension, obesity, diabetes mellitus, impaired thyroid 
function, connective tissue diseases, malignancy, previously 

diagnosed symptomatic or asymptomatic coronary artery disease, 
valvular heart diseases (except minimal valvular insufficiency), 
neurological and psychiatric diseases, and taking certain drug 
regimens (e.g., beta blockers, calcium channel blockers and 
antiarrhythmic drugs) were excluded from the study. When the 
patient with FMS had a tender point on the chest, we used the 
treadmill exercise test to exclude angina. Those patients with 
additional bone and joint pathologies unable to perform treadmill 
test and who could not tolerate position changes during autonomic 
tests were also excluded from the study. 

The patients who were diagnosed with primary FMS in the 
PMR department, and who met the inclusion criteria of the study 
were transferred to the Department of Cardiology. A 12-lead 
electrocardiogram (ECG) and 24-hour Holter recordings (Delmar-
Impresario Medical Systems, Irvine, California, USA) were 
collected. Posteroanterior chest radiography, color Doppler 
echocardiography (Ge-Vivid 7 Pro, General Electric, Florida, 
USA) and treadmill test (Quinton 4500 treadmill, Seattle, USA- 
Bruce protocol) were also performed. 

Autonomic tests

The patients were rested for 15 minutes in supine position at 
the beginning of the test. Subsequently, arterial blood pressure 
measurement and a 12-channel ECG recording were performed 
in all patients. Afterwards, skin was rubbed before applying 
electrodes and then a Holter device was affixed and starting 
time was adjusted to minute sensitivity. Holter recordings were 
done on a three-derivation system. After turning on the Holter 
recordings, we performed orthostatic stand and supine test, 
inspiration-expiration and Valsalva tests. 

Measurement of 24-Hour HRV
Recordings were performed with 24-hour Holter monitoring 

and analyzed with Delmar-Impresario system and software 
(Delmar-Impresario Medical Systems, Irvine, California, USA). The 
analyzed data and standard measurement criteria were evaluated 
within the scope of the published guidelines (11) (Table 1).

HRV parameters were measured both in the frequency 
domain (power spectral analysis) and in the time-domain. We 
also calculated the logarithmic values of all HRV measurements 
to determine logarithmic changes in the parameters. 

Measurement of day and night HRV
HRV parameters were analyzed at day and night. We defined 

“day” as the time period between 06:00 and 22:59 and “night” as 
the period between 23:00 and 05:59. We obtained (Table 1) the 
time-domain analysis parameters SDNN, SDNN index, and 
rMSSD for day and night periods and day-night differences. The 
parameters of frequency domain HRV analysis (VLF, LF, HF, total 
power parameters, and LF/HF, LFn and HFn ratios) for day and 
night periods were evaluated separately. The following 
parameters were also calculated: HFDay/HFNight, LF/HFDay/LF/
HFNight, LFnDay/LFnNight, HFnDay/HFnNight ratios for detection of 
day-night fluctuations of sympathovagal balance and 
parasympathetic activity between patient and control groups. 
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Orthostatic tests 
Stand test: Patients were asked to stand up rapidly while 

resting in a supine position. The starting time of the stand test 
was recorded in minute sensitivity. After having the patients 
stand, pulse rates were recorded separately for each minute. 
Patients were kept in standing position for 2 more minutes and 
then supine test was started. Total time of stand test was limited 
to 5 minutes. 

Supine test: Patients in the standing position were asked to 
lie down rapidly. The starting time of the supine test was 
recorded in minute sensitivity. Pulse rates were again recorded 
separately for each minute. 

Inspiration-Expiration test
Patients were asked to inspire and expire deeply each for 6 

times per minute in the sitting position. The starting and ending 
times of the tests were recorded. Total time of the inspiration-
expiration test was limited to 1 minute.

Valsalva test
Patients were asked to do the Valsalva maneuver throughout 

a minimum of 15 seconds in the sitting position. The starting and 
ending times of the test were recorded. 

At the end of the autonomic tests, measurement of arterial 
blood pressure and an ECG recordings were repeated and then 
patients were discharged and called back at the end of the 
24-hour period. The recordings of 24-hour Holter monitoring 
were analyzed. After routine evaluations of Holter recordings 
(e.g. basic rhythm determination and evaluation of arrhythmias, 
ST segment levels), the measurement and evaluation of HRV 
parameters were performed. 

The 24-hour period and the first 2-minute and 5-minute 
periods of autonomic tests from the beginning of stand and 
supine tests were evaluated separately. Although Valsalva and 
inspiration-expiration test lasted only 1 minute or less, we 
evaluated the first 2-minute and 5-minute periods from the 
beginning of these tests. 

Detection and evaluation of arrhythmias
Detection and evaluation of arrhythmias (supraventricular 

extrasystoles (SES), supraventricular tachycardia (SVT), 
ventricular extrasystoles (VES) and ventricular tachycardia (VT)) 
were performed with 12-lead ECG and 24-hour Holter monitoring 
records with reference to classic electrocardiographic criteria 
(12-14). Sinus or respiratory arrhythmias were ignored. All forms 
of conduction abnormalities were accepted as exclusion criteria.

Statistical analyses
SPSS 15 Statistics Package for Social Sciences (SPSS Inc., 

Chicago, Illinois, USA) was used for the analyses. Normally 
distributed data were expressed as mean ± standard deviation 
(SD) and non-normally distributed data were expressed as median 
(minimum-maximum) values. Differences between the means and 
median values of the groups were determined using Student t-test 
and Mann-Whitney U test, respectively. Differences in the 

prevalence of arrhythmia types between control and FMS groups 
were determined using Pearson Chi-Square test. The correlation 
of data was tested by using Spearman correlation analysis. A p 
value of 0.05 was considered statistically significant. 

Results

The anthropometric characteristics of the 50 patients and 30 
controls included in the study are given in Table 2. Laboratory tests 
including erythrocyte sedimentation rate, C-reactive protein, 
rheumatoid factor, complete blood count, biochemical tests, 
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Table 1. The concomitance of each category of nonadherence

Frequency Domain HRV Analysis Power Spectrum
Parameters

Very Low Frequency,  (VLF),   msec2 (0.003 - 0.04) Hz

Low Frequency,  (LF),  msec2 (0.04 - 0.15) Hz

High Frequency  (HF),  msec2 (0.15 - 0.40) Hz

Total Power  (TP), msec2 (0 - 0.40 ) Hz

LF/HF Ratio LF Power / HF Power 

LFn  (Normalized LF) LF/ (total power-VLF)x100

HFn  (Normalized HF) HF/ (total power-VLF)x100

Time domain HRV analysis parameters Definitions 

SDNN,  msec Standard deviation of all 
  normal RR intervals in the  
  24-h Holter

SDNNi,  msec Mean of the standard 
  deviations of all normal RR 
  intervals for all five minute 
  segments of the entire 
  recording.
rMSSD, msec Square root of the mean  
  differences between 
  successive RR intervals.

pNN50,  % Percentage of differences  
  between successive RR  
  intervals that are >50 milli 
  seconds, computed over  
  the 24-h Holter

Table 2. Demographic and anthropometric characteristics of subjects

Parameters Patients Controls p*
  (n=50) (n=30)

 Age, years 38±7 36±8 NS

Height, cm 160±5 162±6 NS

Weight, kg 70±11 67±16 NS

Body mass index, kg/m2 27.4±4.4 25.8± 6.4 NS

Waist, cm 85±18 87±21 NS
Data are presented as mean±SD
*Unpaired Student t-test for independent samples

 NS -  non-significant,  p> 0.05.



Brucella agglutination, antinuclear antibody (ANA), anti-DNA 
tests, and hormonal tests (thyroid function tests, free cortisol 
levels, estrogen levels) were in normal ranges in all patients. 

HRV and autonomic tests 
24-hour HRV: The results of 24-hour HRV measurements of 

patient and control groups are shown in Table 3. No statistically 
significant difference was observed in daily maximum, minimum 
and mean heart rate values between groups. The HF power was 
significantly decreased (p=0.017) and LF/HF ratio was significantly 
higher in the patient group (p=0.001) as compared with control 
group. In time-domain analysis, pNN50 was found to be 
significantly decreased in the patient group (p=0.042).

Day and Night HRV: The results of HRV measurements in the 
patient and control groups for day and night periods are given in 
Tables 4 and 5 respectively. Although no significant differences 
were detected between the patient and control groups for the 
day period, significant differences were detected between the 
two groups for the night period. HFNight and HFnNight, in the 
patient group were found lower than in the control group 

(p=0.001 and p<0.001, respectively). In contrast, LFnNight, LF/
HFNight in the patient group were higher than in the control group 
(p<0.001 and p<0.001, respectively). The LF/HFNight was also 
higher in the patient group (p<0.001).

There were statistically significant differences in regards to 
day-night difference and ratios of HRV: the HFDay/HFNight, LF/
HFDay/LF/HFNight, LF(n)Day/LF(n)Night, and HF(n)Day/HF(n)Night ratios 
between the patient and control groups (p=0.047, p=0.004, 
p=0.001 and p=0.008, respectively). 

Orthostatic tests
There were no statistically significant differences between 

the patient and control groups in terms of the stand test systolic-
diastolic and supine test systolic-diastolic arterial blood pressure 
measurements (p>0.05). 

Stand test: Significant differences were found in HF power 
(28.7 msec2 (13.0- 83.9) vs 62.0 msec2 (39.6- 158.9), p=0.003 ) and 
logarithmic value of HF power (Log HF) (1.50±0.49 msec2 
vs.1.86±0.45 msec2, p=0.002) at the 2nd minute of stand test 
between the patient and control groups. On the other hand, 
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Variables Patients (n=50) Controls (n=30) p*

Maximal heart rate, beats/min 132±17 134±16 NS

Minimal heart rate, beats /min 54±7 55±7 NS

Mean heart rate, beats /min 77±9 76±9 NS

Frequency Domain Analysis 

LF/HF 2.22±0.18 1.22±0.12 <0.001

LFn 0.64±0.02 0.49±0.02 <0.001

HFn 0.35±0.02 0.50±0.02 <0.001

Time Domain Analysis 

pNN50, % 8.1 (0.9-29.6) 12.7 (0.9-49.4) 0.042

rMSSD, msec 34.0 (21.1-67.4) 37.4 (19.2-135.3) NS
The values are expressed as mean±SD and median (min-max) 
*Unpaired Student t-test for independent samples and Mann-Whitney U test  
HFn  - normalized high frequency power,  LFn  - normalized low frequency power,  NS - non-significant, pNN50  - percentage of differences between successive RR intervals that are >50 milliseconds, 
computed over the 24-h Holter, rMSSD  -  square root of the mean differences between successive RR intervals

Tab le 3. Results of 24-hour heart rate and heart rate variability (HRV) measurements in patients and controls

Variables Patients (n=50) Controls (n=30) p*

Frequency Domain Analysis 

LF/HF 3.59±2.02 2.90±2.02 NS

LFn 0.73±0.15 0.68±0.15 NS

HFn 0.27±0.15 0.32±0.15 NS

Time domain analysis 

rMSSD, msec 28.2 (15.3-61.7) 28.8 (18.2-86.5) NS
The values are expressed as mean±SD and median (min-max) 
*Unpaired Student t-test for independent samples and Mann-Whitney U test.   
HFn  - normalized high frequency power,  LFn  - normalized low frequency power,  NS - non-significant, rMSSD  -  square root of the mean differences between successive RR intervals

Table 4.  Heart rate variability parameters detected in day period (06:00-22:59) 



LF/HF ratio (4.7 (2.8-10.1) vs. 3.34 (2.1-6.8), p=0.037) and its 
logarithmic value (Log LF/HF) (0.72±0.47 vs. 0.46±0.43, p=0.018) 
were significantly higher at the 2nd minute of stand test in the 
patient group as compared with control group . There were no 
significant differences in HF power and LF/HF ratio at the 5th 
minute of stand test between the groups (p>0.05).

Supine test: The HF power (2nd minute-58.5 msec2 (30.4- 
123.2) vs. 139.6 msec2 (33.5- 381.7), p=0.019, 5th minute-39.7 (22.8- 
79.7) msec2 vs. 64.3 (34.1-147.7) msec2, p=0.005) and Log HF (2nd 
minute-1.72±0.54 vs. 2.09±0.66, p=0.007, 5th minute-1.62±0.45 vs. 
1.81±0.39, p=0.002) at the 2nd and 5th minutes of supine test were 
significantly lower in patients with FMS than in controls. 

There was no significant difference in LF/HF ratio at the 2nd 
minute of supine test between the patient and control groups 
(p>0.05). On the other hand, there were significant differences in 
LF/HF ratio (for FMS group - 2.5 (1.4- 3.8); for control group-1.3 
(1.0-2.1), p=0.001) and Log LF/HF (for FMS group-2.16±0.55 and 
for control group - 1.78±0.50; p=0.003) between the groups at the 
5th minute of supine test.

Inspiration-Expiration and Valsalva tests 
Significant differences in HF values between groups were 

observed at the 5th minute of inspiration-expiration test (for FMS 
group- 35.2 msec2 (15.9- 60.6); for control group-56.4 msec2 (29.2- 
89.8), p=0.030) and at the 5th minute of Valsalva test (for FMS 
group-27.9 msec2 (17.8- 49.6); for control group-55.1 msec2 (17.0-
103.3), p=0.032).

Arrhythmia prevalence 
The prevalence of SES was higher in the FMS group as 

compared with control group (48% vs. 23.3%, p=0.028). Similarly, 
the mean number of SES was higher in the patient group than in 
control one (187.3±62.3 vs.127.1±21.4, p=0.019). 

Also, in the FMS group, SVT was detected in 5 (10%) of the 
50 patients. There was no SVT attack in the control group. 
Detected tachycardia attacks had narrow QRS and regular R-R 
intervals. All of them had sudden onset and ending and P wave 
was found after QRS complex. We evaluated the tachycardia 
attacks and diagnosed AV nodal reentrant tachycardia (AVNRT) 
in all patients which were diagnosed as SVT. At the same time, 
all these patients had an AVNRT attack in the night period. We 
also detected that night period attacks in these patients were 
slow and short. 

Tachycardia characteristics of 5 FMS patients
The number and characteristics of SVT attacks of the 

patients with FMS are shown in the Table 6. Although the FMS 
group patients had SVT, there were no statistically significant 
differences detected between the two groups (p=0.075). In the 
FMS group, VES were detected in 11 (22%) of the total 50 
patients. In controls, VES were detected in only 2 (6.7%) of the 
30 participants. However, there were no statistically significant 
differences between the two groups (p=0.074,). No VT was 
detected in any of the groups. 
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Variables Patients (n=50) Controls (n=30) p*

Frequency domain analysis 

LF/HF 2.78±1.97 1.15±0.77 <0.001

LFn 0.66±0.15 0.47±0.16 <0.001

HFn 0.34±0.15 0.53±0.16 <0.001

Time domain analysis 

rMSSD , msec 40.4 (20.1-94.7) 48.1 (18.9-213.0) NS
The values are expressed as mean±SD and median (min-max) 
*Unpaired Student t-test for independent samples and Mann-Whitney U test   
HFn  - normalized high frequency power,  LFn  - normalized low frequency power,  NS - non-significant, rMSSD  -  square root of the mean differences between successive RR intervals

Table 5. Heart rate variability parameters detected in night period (23:00-05:59) 

Patients  Day period (06:00-22:59) SVT attacks                               Night period (23:00-05:59) SVT attacks

 Number Duration,  sec R-R interval,  msec Number Duration,  sec R-R interval, msec

Patient 1 1 8 380 1 6 420

Patient 2 1 10 390 1 6 430

Patient 3 - - - 1 6 420

Patient 4 - - - 1 7 430

Patient 5 - - - 1 5 410

    1 5 430

Table 6. Supraventricular tachycardia (SVT)  characteristics of the patients with FMS 



Correlations between Autonomic Activity and Arrhythmias
Correlations between the number of different arrhythmia 

types in 24 hour period and HRV parameters are shown in Table 7. 
There were statistically significant positive correlations between 
arrhythmia types and sympathetic activity parameters for 24 
hour and Night periods (LF/HF24Hour, LF/HFNight) (p<0.05). On the 
other hand, LFHFDay/ LFHFNight ratio negatively correlated with all 
arrhythmia types.

Discussion

In this study, we found that there were increased sympathetic 
and diminished parasympathetic activities in the patients with 
FMS for 24- hour, day and night periods and during the autonomic 
tests. There were also blunted autonomic day and night period 
fluctuations in FMS group. Moreover, we detected that the 
patients with FMS had increased SES prevalence. On the other 
hand, all arrhythmia types were found as positively correlated 
with oversympathetic activity and blunted autonomic fluctuation 
in the patients with FMS.

It is well known that the basic pathophysiologic mechanisms 
of FMS occur due to neurohormonal disturbances and autonomic 
dysfunction (14-20, 31). It is considered that FMS is a stress-
related disorder (14). The effects of alterations in hypothalamic-
pituitary-adrenal axis (HPAA) and sympathetic nervous system 

on homeostasis and physiopathologic relation of FMS with this 
axis were shown previously (14-17, 20, 31).

Although there is increasing interest about cardiovascular 
effects of autonomic dysfunction in many types of neurohormonal 
disturbances, especially related with HPAA (31-34), there is 
insufficient data in the literature about cardiovascular effects of 
autonomic dysfunction in FMS. Some of the FMS symptoms like 
sleep disturbances, fatigue, orthostatic intolerance, and 
excessive rate of syncope were attributed to autonomic 
dysfunction in FMS patients by some authors (28-30). Although 
increased sympathetic and decreased parasympathetic activity 
were described in FMS by evaluation of 24-hour HRV parameters 
in many of the previous studies (1-5), Furlan et al. (28) described 
an autonomic dysregulation in FMS patients that included not 
only increased sympathetic and decreased parasympathetic 
activity, but also a lack of increased sympathetic discharge to 
vessels and decreased cardiac vagal activity. Friederich et al. 
(29) attributed these autonomic changes to the presence of 
reduced baroreceptor-mediated activation of the sympathetic 
nervous system and a hyporeactive sympathetic nervous system. 
They showed a hyporeactive stress system in FMS patients for 
both peripherally and centrally mediated stimulation of the 
sympathetic nervous system.

Actually, the effects of increased sympathetic activity on the 
cardiovascular system actually comprise a complex response 
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   24 hour period HRV parameters

 HF LF/HF LFn HFn LFHFDay/LFHFNight

SES number NS r= 0.398 r= 0.389, r= - 0.389 r= - 0.610

  p=0.027 p=0.030 p=0.030 p=0.030

SVT number  NS r= 0.207 r= 0.216, r= - 0.216 r= - 0.324

  p=0.066 p=0.055 p=0.055 p=0.006

VES number
 NS r= 0.505 r= 0.525, r= - 0.525 r= - 0.663

  p=0.030 p=0.025 p=0.025 p=0.007

   Day period (06:00-22:59) HRV parameters

 HF LF/HF LFn HFn -

SES number NS NS NS NS -

SVT number  NS NS NS NS -

VES number NS NS NS NS -

   Night period (23:00-05:59) HRV parameters

 HF LF/HF LFn HFn -

SES number r= - 0.376 r= 0.546 r= 0.518 r= - 0.518 

 p=0.037 p=0.001 p=0.003 p=0.003 -

SVT number  NS r= 0.344 r= 0.269 r= - 0.269

  p=0.003 p=0.024 p=0.024 -

VES number NS NS NS NS -
Spearman correlation analysis 
HF  - high frequency power,  HFn  - normalized high frequency power,  HRV – heart rate variability, LF - low frequency power,  LFn  - normalized low frequency power,  NS - non-significant, SES - 
supraventricular extrasystole,  SVT - supraventricular tachycardia,  VES - ventricular extrasystole

Table 7. Correlations between the number of different arrhythmia types in 24 hour period and HRV parameters



regarding the interaction of an organism to stress autoregulation 
of the cardiovascular system (15-20), especially heart rate and 
blood pressure, which are strictly controlled by the autonomic 
nervous system (ANS) as a response to stress factors. At this 
point, HRV parameters are extremely useful for indirect 
quantitative evaluation of autonomic functions (11). Thus, HRV 
parameters are frequently used in clinical practice for indirect 
quantitative evaluation of autonomic functions. 

We also used HRV parameters for indirect evaluation of 
autonomic activities. In our study, HF, pNN50 and rMSSD values, 
the HRV parameters that are related with parasympathetic 
activity, were found to be significantly decreased in the FMS 
group over a 24-hour period. Further, increased LF/HF ratio and 
normalized LF values were also clues for the presence of 
increased sympathetic activity in the same period. Our study 
results support previous studies (1-5). 

Cohen et al. (1) also showed the presence of abnormal 
sympathovagal balance during orthostatic tests. They reported 
that the patients with FMS at rest are characterized by 
sympathetic hyperactivity and concomitantly reduced 
parasympathetic activity. During postural changes, patients 
demonstrated an abnormal sympathovagal response. 

Our orthostatic test results also support the results of that 
study. We determined decreased parasympathetic and increased 
sympathetic activity during orthostatic stress (stand and supine 
tests), inspiration-expiration and Valsalva test in FMS patients. 
Differences in sympathovagal balance (LF/HF) between the 
patient and control groups became especially evident during 
orthostatic tests. 

Furlan R et al. (28) showed that patients with FMS had an 
overall enhancement of cardiovascular sympathetic activity 
while recumbent. Our results also support those of Furlan’s 
study. We also detected that the normalization time of increased 
sympathetic activity after supine test was longer in FMS patients 
than in the control group. 

Recently, the issue of nocturnal autonomic changes in FMS 
has emerged as a research area of increasing interest. In spite 
of this, there are insufficient data in the literature about the 
changes in nocturnal autonomic activity and the clinical aspects 
of this autonomic circadian disturbance in FMS patients. In 
physiological conditions, nocturnal sympathetic activity is less 
than diurnal sympathetic activity and additionally, parasympathetic 
activity is dominant in the nocturnal period (35). On the other 
hand, some studies have shown that there are severe autonomic 
changes in FMS. Firstly, Martínez-Lavín et al. (30) reported 
increased sympathetic activity during the nocturnal period in 
FMS patients. They attributed the sleep disturbances and fatigue 
that occur in FMS to this abnormal nocturnal autonomic balance. 
We also detected in this study autonomic dysregulation revealing 
increased sympathetic and decreased parasympathetic activity, 
especially at night, in FMS patients when compared with the 
control group. 

On the other hand, it is well known that arrhythmia could 
reflect an autonomic dysfunction if no other arrhythmia 
predisposition factor exists (21-25). Although there are many 
studies showing enhancing effects of increased sympathetic 

activity on various types of arrhythmias in many different 
pathological conditions, data about the arrhythmia prevalence in 
FMS, in which increased sympathetic activity is already shown, 
are lacking. 

We found in the present study that the number of SES was 
higher in the patient group compared to the controls. SES and 
VES were found to be positively correlated with increased 
sympathetic activity and negatively correlated with 
parasympathetic activity for all periods. However, we detected 
that night time sympathetic activity (LF/HFNight) was the most 
effective factor for the number of SES and day time sympathetic 
activity (LF/HFDay) for the number of VES. It seems that increased 
night time sympathetic activity in FMS causes an increased 
number of SES. On the other hand, no statistically significant 
difference was determined in day time sympathetic activity 
between the FMS group and the controls as well as no difference 
in the number of VES. 

There were no statistically significant differences in the 
number of SVT attacks between the patient and control groups. 
SVT was found in only five patients. However, some characteristics 
of these patients were rather important. All patients had night 
time SVT attack. It could be attributed to the increased 
sympathetic activity in the night time period in the FMS group. 
One of the important data was that SVT attacks were negatively 
correlated with day time - night time sympathetic activity ratio. 
Any decrease in fluctuation of the sympathetic activity between 
day and night time periods could be a triggering or at least a 
preparatory factor for SVT. 

Although some authors proposed a positive relationship 
between FMS and enhanced mortality rate (26, 27), the exact 
mechanisms of this condition are still unclear. 

Autonomic activity abnormalities during sleep may cause 
increased susceptibility of the myocardium (9). In our study, SVT 
attacks detected in patients mainly occurred during the night. 
This condition could also be attributed to nocturnal 
oversympathetic activity. 

Although there were no exact proofs about the clinical 
importance or pathophysiologic mechanisms of arrhythmia in 
FMS, we considered that autonomic dysfunction, oversympathetic 
activity and autonomic circadian changes may enhance the 
vulnerability of the myocardium and these factors could result in 
higher arrhythmia tendency in FMS (21-27).

Limitations of the study 
Our study focused on a small number of patients and controls. 

At this point, it was a pilot study aimed to reveal the relationships 
between autonomic changes and arrhythmia in a small group of 
FMS patients. Therefore, large-scale studies are warranted to 
elucidate the pathophysiologic mechanisms and clinical 
importance of autonomic dysfunction and arrhythmia in FMS. 

Conclusion

Increased sympathetic and decreased parasympathetic 
activity and some autonomic circadian activity changes are 
present in FMS. All these changes might be effective on 
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increased arrhythmia prevalence in FMS. It could thus also be 
concluded that FMS patients must be closely followed for 
arrhythmias. 

References

1. Cohen H, Neumann L, Alhosshle A, Kotler M, Abu-Shakra M, 
Buskila D. Abnormal sympathovagal balance in men with 
fibromyalgia. J. Rheumatol 2001; 28: 581-9.

2. Mease P. Fibromyalgia syndrome: review of clinical presentation, 
pathogenesis, outcome measures, and treatment. Rheumatol 
Suppl 2005; 75: 6-21.

3. Yunus MB, Inanıcı F, Aldağ JC, Mangold RF. Fibromyalgia in men: 
comparison of clinical features with women. J Rheumatol 2000; 
27: 485-90.

4. Cohen H, Neumann L, Shore M, Amir M, Cassuto Y, Buskila D. 
Autonomic dysfunction in patients with fibromyalgia: application 
of power spectral analysis of heart rate variability. Semin Arthritis 
Rheum 2000; 29: 217-27.

5. Raj SR, Brouillard D, Simpson CS, Hopman WM, Abdollah H. 
Dysautonomia among patients with fibromyalgia: a noninvasive 
assessment. J Rheum 2000; 11: 2660-5. 

6. Matveev M, Prokopova R. Normal and abnormal circadian 
profiles of heart autonomic balance, evaluated by time-related 
common indicator of heart rate variability. Anadolu Kardiyol Derg 
2007; 7: 125-9.

7. Nilsson IL, Aberg J, Rastad J, Lind L. Circadian cardiac autonomic 
nerve dysfunction in primary hyperparathyroidism improves after 
parathyroidectomy. Surgery 2003; 134: 1013-9.

8. Pierdomenico SD, Bucci A, Costantini F, Lapenna D, Cuccurullo F, 
Mezzetti A. Twenty-four-hour autonomic nervous function in sustained 
and "white coat" hypertension. Am Heart J 2000; 140: 672-7.

9. Aytemir K, Deniz A, Yavuz B, Uğur Demir A, Şahiner L, Çiftçi O, et 
al. Increased myocardial vulnerability and autonomic nervous 
system imbalance in obstructive sleep apnea syndrome. Respir 
Med 2007; 101: 1277-82. 

10. Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier C, 
Goldenberg DL, et al. The American College of Rheumatology criteria 
for the classification of fibromyalgia. Report for the Multicentre 
Criteria Committee. Arthritis Rheumatism 1990; 33: 160-72.

11. Camm A. J, Malik M, Bigger J. T, Breithardt G, Cerutti S, Cohen RJ, 
et al. Heart rate variability: standards of measurement, 
physiological interpretation and clinical use. Task Force of the 
European Society of Cardiology and the North American Society 
of Pacing and Electrophysiology. Circulation 1996; 93: 1043-65.

12. Brodsky M, Wu D, Denes P, Kanakis C, Rosen KM. Arrhythmias 
documented by 24 hour continuous electrocardiographic 
monitoring in 50 male medical students without apparent heart 
disease. Am J Cardiol 1977; 39: 390-5.

13. Chou TC, Knilans TK, editors. Electrocardiography in Clinical Practice: 
Adult and Pediatric. 4th Ed. Philadelphia: Saunders; 1996.

14. Chrousos G, Gold P. The concept of stress and stress system 
disorders. JAMA 1992; 267: 1244-52.

15. Chrousos G. The hypothalamic-pituitary-adrenal axis and immune-
mediated inflammation. N. Engl J Med 1995; 332: 1351-62.

16. Neeck G. Neuroendocrine and hormonal perturbations and 
relations to the serotonergic system in fibromyalgia patients. 
Scand J Rheumatol Suppl 2000; 113: 8-12. 

17. Neeck G, Crofford LJ. Neuroendocrine perturbations in 
fibromyalgia and chronic fatigue syndrome. Rheum Dis Clin North 
Am 2000; 26: 989-1002.

18. Müller W, Pongratz D, Bärlin E, Eich W, Färber L, Haus U, et al. The 
challenge of fibromyalgia: new approaches. Scand J Rheumatol 
Suppl 2000; 113: 86.

19. Lefkowitz RJ, Hoffman BB. The autonomic and somatic motor 
nervous systems. In: Hardman JG, Limbird LE, editors. Goodman 
& Gilman's. The pharmacological basis therapeutics. 9th ed. New 
York: McGraw Hill, 1996. p 105-39.

20. Tanrıverdi F, Karaca Z, Ünluhızarcı K, Keleştimur F. The 
hypothalamo-pituitary -adrenal axis in chronic fatigue syndrome 
and fibromyalgia syndrome. Stress 2007; 10: 13-25.

21. Visuri T, Lindholm H, Lindqvist A, Dahlström S, Viljanen A. 
Cardiovascular functional disorder in primary fibromyalgia: a 
noninvasive study in 17 young men. Arthritis Care Res 1992; 5: 210-5. 

22. Rodenbaugh DW, Collins HL, DiCarlo SE. Increased susceptibility 
to ventricular arrhythmias in hypertensive paraplegic rats. Clin 
Exp Hypertens 2003; 25: 349-58.

23. Billman GE. Heart rate response to onset of exercise: evidence for 
enhanced cardiac sympathetic activity in animals susceptible to ventricular 
fibrillation. Am J Physiol Heart Circ Physiol 2006; 291: H429-35.

24. Corry DB, Tuck ML. Obesity, hypertension, and sympathetic 
nervous system activity. Curr Hypertens Rep 1999; 1: 119-26. 

25. Brook RD, Julius S. Autonomic imbalance, hypertension, and 
cardiovascular risk. Am J Hypertens 2000; 13 (6Pt2): 112S-22S. 

26. Macfarlane GJ, McBeth J, Silman AJ. Widespread body pain and 
mortality: prospective population based study. BMJ 2001; 323: 662-5.

27. Macfarlane GJ. Chronic widespread pain and fibromyalgia: 
Should reports of increased mortality influence management? 
Curr Rheumatol Rep 2005; 7: 339-41.

28. Furlan R, Colombo S, Perego F, Atzeni F, Diana A, Barbic F, et al. 
Abnormalities of cardiovascular neural control and reduced 
orthostatic tolerance in patients with primary fibromyalgia. J 
Rheumatol 2005; 32: 1787-93.

29. Friederich HC, Schellberg D, Mueller K, Bieber C, Zipfel S, Eich W. 
Stress and autonomic dysregulation in patients with fibromyalgia 
syndrome. Schmerz 2005; 19: 185-8.

30. Martínez-Lavín M, Hermosillo AG, Rosas M, Soto ME. Circadian 
studies of autonomic nervous balance in patients with fibromyalgia: 
a heart rate variability analysis. Arthritis Rheum 1998; 41: 1966-71.

31. Buskila D. Fibromyalgia, chronic fatigue syndrome, and myofascial 
pain syndrome. Curr Opin Rheumatol 2001; 13: 117-27.

32. Naschitz J, Fields M, Isseroff H, Sharif D, Sabo E, Rosner I, et al. 
Shortened QT interval: a distinctive feature of the dysautonomia 
of chronic fatigue syndrome. J Electrocardiol 2006; 39: 389-94.

33. Naschitz JE, Slobodin G, Sharif D, Fields M, Isseroff H, Sabo E, et 
al. Electrocardiographic QT interval and cardiovascular reactivity 
in fibromyalgia differ from chronic fatigue syndrome. Eur J Intern 
Med 2008; 19: 187-91. 

34. Wyller VB, Saul JP, Walløe L, Thaulow E. Sympathetic 
cardiovascular control during orthostatic stress and isometric 
exercise in adolescent chronic fatigue syndrome. Eur J Appl 
Physiol 2008; 102: 623-32. 

35. Bonnemeier H, Richardt G, Potratz J, Wiegand UK, Brandes A, 
Kluge N, et al. Circadian profile of cardiac autonomic nervous 
modulation in healthy subjects: differing effects of aging and 
gender on heart rate variability. J Cardiovasc Electrophysiol 2003; 
14: 791-9.

Doğru et al.
Autonomic dysfunction and circadian changes 

Ana do lu Kar di yol Derg 
2009; 9: 110-7 117




