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Abstract

Objectives The hypothesis of autonomic nervous system

involvement in pathophysiology in the patients with

fibromyalgia has been addressed and tested time and again

but the existing reports are both contradictory and incon-

clusive. A complete knowledge of the degree of autonomic

dysfunction in fibromyalgia patients would be more sub-

stantial. We conducted a comprehensive non-invasive

study to investigate the complete autonomic profile of

female patients with fibromyalgia.

Method An autonomic function test using a standard

battery and heart rate variability analysis in the 42 fibro-

myalgia patients as well as 42 age matched healthy controls

was performed. Both autonomic activity (tone) and reac-

tivity were measured. Autonomic tone (both time and

frequency domain parameters) was measured using heart

rate variability (HRV) analysis. Autonomic reactivity was

measured using a standard battery of autonomic function

tests.

Results Resting blood pressure (both systolic and dia-

stolic) was significantly higher in the fibromyalgia patients

than controls. The time domain variables and HF% as

recorded by HRV were significantly lower in the patients

than the controls. The autonomic reactivity for sympathetic

and parasympathetic nervous system was found to be

within normal limits.

Interpretation The cardiac autonomic function is normal

and the autonomic reflex arc seems to be intact in the

patients with fibromyalgia.

Keywords Fibromyalgia � Autonomic nervous system �
Pain � Heart rate variability

Introduction

Fibromyalgia is a debilitating psychosomatic illness with

widespread pain as its hallmark. Autonomic abnormality

has been documented in conditions closely allied to fibro-

myalgia syndrome such as irritable bowel syndrome,

chronic fatigue syndrome and migraine headache [1].

There are sporadic reports of the autonomic nervous sys-

tem dysfunction in the etiopathogenesis of fibromyalgia.

The stellate (sympathetic) ganglia blockade with bupiva-

caine alleviates rest pain and decreases the number of

tender points among the fibromyalgia patients [2]. Simi-

larly, a significantly higher intensity of norepinephrine-

evoked pain in fibromyalgia patients when compared to

rheumatoid arthritis patients and healthy controls has been

reported [3] suggesting that sympathetic nervous system is

involved in pathophysiology of fibromyalgia. The heart

rate variability (HRV) analysis results corroborate these

findings further and show that fibromyalgia patients have a

baseline sympathetic hyperactivity. A 24 h HRV analysis

in a circadian-variation study has shown an increased

nocturnal predominance of the low-frequency band oscil-

lations indicating an exaggerated sympathetic modulation

of the sinus node [4]. Impaired sympathetic reactivity to

orthostatic stress is also seen in fibromyalgia patients [5].

Patients with fibromyalgia are hypo reactive to various

other sympathetic stimuli such as auditory stimulation test
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(80 dB, 1,000 Hz, 2 s sounds), cold pressor test at 10 and

4�C [6, 7] and gravitational stress using a tilt table [8].

However, study of cardiovascular reactivity utilizing a

head-up tilt test does not reveal a specific fibromyalgia-

associated abnormality as compared to controls [9].

Patients with fibromyalgia have a higher than expected rate

of a positive Nielson test (cold-induced increase in finger

systolic blood pressure), along with an increase in the

number of a2 adrenergic receptors on thrombocytes [10]. A

cold provocation test induces a significant degree of

vasospasm in fibromyalgia patients as observed by capil-

lary videomicroscopy of the nail folds [11].

A generalized deconditioning due to inactivity because

of pain and fatigue/muscle damage or both has been rec-

ognized as important cause for symptoms in fibromyalgia

patients. Deconditioning of the muscles leading to an

altered state of autonomic regulation in the fibromyalgia

patients remains a focus of debate. Fibromyalgia appears to

be a situation of autonomic dysfunction where both limbs

of autonomic nervous system (sympathetic and parasym-

pathetic) are differentially involved. Autonomic dysfunc-

tion also explains the diverse clinical manifestations of

fibromyalgia like sleep disorders, anxiety, Raynaud’s-like

phenomenon, Sicca symptoms and intestinal irritability.

We carried out a detailed analysis of the autonomic func-

tion in fibromyalgia patients using a standard battery of

autonomic function tests and heart rate variability analysis.

A standard battery of non-invasive tests appears to be a

logical approach because it assures comparison of related

cardiovascular parameters of both limbs (i.e. sympathetic

and parasympathetic) of the autonomic nervous system.

Methods

Subjects

The study was conducted at the Autonomic Function

Laboratory, Department of Physiology, AIIMS, New

Delhi. The study protocol was approved by the ethics

committee of the Institute. Informed consent was obtained

from all the participants (both patients and healthy con-

trols) prior to the study.

Subjects’ selection

Patients

In the present study 42 well diagnosed female patients of

primary fibromyalgia conforming to the American College

of Rheumatology (ACR) diagnostic criteria [12] were

recruited. They were referred to the autonomic function lab,

Department of Physiology, AIIMS by the Rheumatology

expert, Rheumatology Clinic, Department of Medicine,

AIIMS, New Delhi after the use of rigorous diagnostic cri-

teria. Only female patients were recruited in the study pri-

marily for two reasons: (1) to avoid the probable effects of

autonomic differences between genders and (2) the female

preponderance in fibromyalgia (prevalence is 3.4% among

women and 0.5% in men) [13]. The patients were subjected

to extensive biochemical investigations and serum electro-

lyte measurements. The results of complete blood count,

Westergren erythrocytic sedimentation rate, muscle

enzymes, rheumatoid factor, thyroid function tests and

serum electrolytes were normal in the patients. Patients with

a history of hypertension, diabetes mellitus, coronary artery

disease, hypovolemia, adrenal insufficiency, cardiomyopa-

thies, congenital cardiac disease, malignancy and autoim-

mune diseases were excluded from the study. Furthermore,

patients with a history of smoking, alcoholism and drug

intake (anticholinergics and antidepressants for at least

4 weeks prior to the study) were also not included. Exclu-

sion criteria also included those women who were pregnant

or taking oral contraceptive pills or hormonal replacement

therapy. All the patients were requested to refrain from

analgesics on the day of the examination.

Healthy controls

The control group comprised of 42 healthy females who

had no significant past medical history. The controls were

selected on the basis of the same exclusion criteria as stated

above for the patients with fibromyalgia.

All the subjects in the study were right-handed.

Assessment of autonomic function

A standard battery of non-invasive tests of autonomic

function and heart rate variability (5 min duration) was

used.

Prerecording procedure

The tests were performed in the morning between 9:30 and

11:30 a.m. The room temperature was maintained around

22–24�C. The laboratory was devoid of bright colors,

sounds and bright light. The subjects were instructed to wear

loose clothes, to take light breakfast 2 h before the test and

refrain from tea, coffee or any other beverages in the

morning. Each subject was requested to empty her urinary

bladder before the start of the test. After reaching the lab-

oratory, they were then asked to lie down quietly for 15 min

before the commencement of the tests. Standard ECG limb

electrodes were applied and a sphygmomanometer cuff was

attached to the left arm for the recording of blood pressure.
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Autonomic activity

Heart rate variability (HRV) was taken as a measure of

autonomic activity (tone) and measured after the subjects

had rested for 15 min. HRV recording and analysis was

done using the Nevrokard software (version 6.4.0, Medi-

star, Slovenia) from a 5 min ECG recording. This consisted

of a PCI 20450P DAS port A/D converter hardware

apparatus (Intelligent Instrumentation, Tucson, AZ) that

acquired and recorded the ECG. A signal sequence was

recorded for 300 s. Power line noise was rejected by

applying the 50 Hz hardware notch filter. The physiologi-

cal signal was adaptively amplified by the data acquisition

system (DAS) system for an accurate detection of the

R-peaks. The ECG was sampled at 500 Hz [14]. Upon

completion of the ECG acquisition, R-peaks were detected

using the inbuilt adaptive fuzzy-R-peak detection tool of

the Nevrokard. The ambiguities in the R-peak detection, if

any, were minimized by visual inspection of the R-peak

detections. Erroneous detections were ignored while

missing beats were inserted prior to HRV analysis.

Abnormal beats were identified and dealt with adequately,

while recordings with a high number of ectopic beats were

discarded from analysis. The normal-to-normal R–R

interval was utilized to perform computation of HRV

measures from time and frequency domains. In the time

domain analysis SDNN, RMSDD, NN 50 count, and

PNN50 count were selected for the statistical analysis. The

spectral power density of the different component fre-

quencies in the heart rate was carried out by the fast Fourier

transform (FFT). The power spectrum can be divided into

three frequency bands of very low frequency (VLF)

0.003–0.04 Hz, low frequency (LF) 0.04–0.15 Hz and high

frequency (HF) 0.15–0.4 Hz [14].

Resting blood pressure and heart rate

Before starting the autonomic reactivity tests the resting

autonomic parameters were measured which comprised of

resting blood pressure and the resting heart rate.

Autonomic reactivity

For the assessment of sympathetic reactivity, blood pres-

sure responses to lying to standing test, isometric exercise

test and cold pressor test were measured. To assess the

parasympathetic reactivity, heart rate responses to deep

breathing test, Valsalva maneuver and lying to standing test

were recorded. These tests have been described elsewhere

[15]. Electrocardiogram and respiration were recorded

using a polygraph which was a four channel POLYRITE-4

(Recorders and Medicare Systems, India). The main con-

sole had a switch for a chart drive to move the paper at

varying speeds. Each channel had a driver amplifier and

one pen-writing device. There was a separate channel for

event marking, which could give pulses at a rate of 1 or 10

per second. For the hand grip test a light and small hand-

grip dynamometer (Jetter and Scheerer, Germany) was

used which had a scale in kilograms (0–250 kg) and a

needle for showing the grip strength. For the Valsalva

maneuver, a mercury manometer which was locally

assembled in our laboratory was used. It consisted of a

U-shaped graduated glass tube with bulb on one arm filled

with mercury. On one end of the glass tube was connected

to a mouth piece through rubber tube. The subjects were

asked to increase the intrathoracic pressure after normal

inspiration, by expiring forcefully into the mouthpiece

connected to a mercury manometer, so as to raise the

mercury level to 40 mmHg and maintained this for 15 s.

Statistical analysis

An SPSS 10 Statistics Package for Social Sciences (SPSS

Inc., Chicago, Illinois, USA) was used for the analyses.

Statistical analysis was done using unpaired Student’s t test

with two-tailed significance for the comparison of auto-

nomic function of patient versus control group. Non-para-

metric tests (Mann–Whitney tests) were applied for the

analysis of the heart rate variability. Normally distributed

data were expressed as mean ± standard deviation (SD)

and non-normally distributed data were expressed as

median (minimum–maximum) values. A p value B 0.05

was considered statistically significant.

Results

All the patients had confirmed primary fibromyalgia with

mean duration of illness as 5.56 ± 3.05 years. The mean

number of tender points among the patients was 11–18

(Mean ± S.D.: 15.16 ± 2.76 points; Median: 16 points).

The anthropometric parameters between the fibromyalgia

patients and controls with respect to age (39.95 ± 6.4 vs.

38.23 ± 5.7 years), height (153.93 ± 6.46 vs. 155.48 ±

6.17 cm) and body mass index (BMI) (25.97 ± 3.5 vs.

24.3 ± 5.17 kg/m2) were statistically similar.

The fibromyalgia patients had a significantly higher

systolic (116.76 ± 12.88 vs. 106.62 ± 9.61 mmHg; p =

0.000) and diastolic blood pressure (78.38 ± 10.02 vs.

71.05 ± 7.37 mmHg; p = 0.000) than the controls. Rest-

ing heart rate and respiratory rate were similar to controls.

The measure of total heart rate variability such as time

domain parameters namely SDNN, SDSD, RMSDD, NN50

and pNN50 were significantly lower in the fibromyalgia

patients than the controls (Table 1). Among the frequency

domain parameters, the values for the HF% were
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significantly lower in the fibromyalgia patients than the

controls suggesting lower levels of parasympathetic drive

at rest (Table 2).

The change in the blood pressure (delta) responses to the

lying to standing test (fall in systolic blood pressure in

0.5th minute 10 ± 7.28 vs. 7.59 ± 5.54 mmHg), cold

pressor test (rise in diastolic blood pressure in 1st minute

14.49 ± 8.67 vs. 14.49 ± 5.74 mmHg) and handgrip test

(rise in diastolic blood pressure in 1st minute 7.86 ± 4.9

vs. 9.32 ± 5.7 mmHg) were not significantly different in

the patient and control group.

Two patients could not perform the cold pressor test

because of cold temperature induced severe pain in the

upper limb. The fibromyalgia patients were not able to

perform the handgrip test for the standard duration of

4 min with 30% force of maximum voluntary contractions

(MVC). So the test was conducted with 50% force of the

MVC for 1 min. The patients with fibromyalgia are not

able to press the handgrip dynamometer effectively so

something new needs to be designed in place of the

existing dynamometer. It was difficult to measure blood

pressure in 12 patients with fibromyalgia because of

excessive pain and shaking of hand during hand grip test.

Parasympathetic reactivity measured as valsalva ratio

(1.83 ± 0.49 vs. 1.73 ± 0.38); 30:15 ratio during lying to

standing test (1.25 ± 0.26 vs. 1.27 ± 0.17); delta heart

rate (19.31 ± 10.07 vs. 23.10 ± 8.5) and expiratory to

inspiratory ratio (E:I) (1.29 ± 0.14 vs. 1.39 ± 0.31) during

deep breathing test was comparable in both the groups.

Discussion

A widely accepted essence of the earlier studies is that the

dysautonomia among the fibromyalgia patients is charac-

terized by a tonically hyperactive sympathetic nervous

system (at rest) which is hypo reactive to physical stress

stimuli. However, these results are based on the basis of a

few tests for the autonomic dysfunction. In the present

study we assessed various components of autonomic ner-

vous system in fibromyalgia patients using a comprehen-

sive standard battery of non-invasive tests.

Autonomic abnormality has been documented in condi-

tions closely allied to fibromyalgia syndrome such as irrita-

ble bowel syndrome (IBS), chronic fatigue syndrome and

migraine headaches. The patients with chronic fatigue syn-

drome (CFS) demonstrate a dysautonomia with orthostatic

intolerance similar to the postural orthostatic tachycardia

syndrome (POTS) [16]. Likewise patients with irritable

bowel syndrome (IBS) show signs of increased sympathetic

activity on spectral analysis and a flattened 24 h pattern of

heart rate variability with significantly lower levels of vagal

Table 1 Time domain analysis of the fibromyalgia patients and controls

Parameters Patients (n = 42) Controls (n = 42) p value

SDNN 24.2397 (7.75–83.15) 41.3836 (15.60–145.96) 0.002

SDSD 19.8184 (2.51–106.16) 31.7302 (10.46–187.95) 0.003

RMSDD 19.7940 (2.51–106.01) 31.6855 (10.45–187.67) 0.003

NN50 2 (0–107) 15 (0–131) 0.011

pNN50 0.5168 (0–30.31) 3.6985 (0–35.79) 0.008

A p value B0.05 is statistically significant. Values are expressed as median with (interquartile) range

SDNN standard deviation of all RR intervals, SDSD standard deviation of successive RR intervals, RMSSD root mean of squared successive RR

Intervals, NN50 number of RR intervals C50 ms, pNN50 percentage of NN50

Table 2 Frequency domain analysis of the fibromyalgia patients and controls

Parameters Patients (n = 42) Controls (n = 42) p value

LF power (n.u.) 45.8060 (7.3–86.58) 38.1160 (9.62–76.76) NS

HF power (n.u.) 44.2180 (5.54–84.72) 52.064 (9.66–89.68) NS

Total power 680.78 (86–4828.479) 927.93 (113.25–5741.61) NS

LF% 26.47 (4.37–56.58) 27.38 (8.9–60.12) NS

HF% 25.84 (3–68.28) 37.28 (9.05–85.4) 0.023

LF/HF 0.9789 (0.09–14.99) 0.8595 (0.11–4.52) NS

A p value B0.05 is statistically significant. Values are expressed as median with (interquartile) range

LF low frequency, HF high frequency, n.u. normalized unit and represent the relative value of each power component in proportion to the total

power minus the VLF component, LF% and HF% are the percentages of total power distributed to the LF and HF band, respectively, LF/HF
ratio ratio of absolute LF to HF power (in ms2)
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tone during sleep as compared to healthy controls [17, 18].

These results suggest that systemic sympathovagal balance

is shifted in the patients with IBS.

In our study the resting systolic and diastolic blood

pressure is significantly higher in the patients with fibro-

myalgia as compared to the healthy controls. This finding

is important especially because the blood pressures of our

patients with fibromyalgia, though higher are within a

normal clinical range and have only a statistically signifi-

cant higher value. Our finding is in sync with the outcome

of other studies that the patients with fibromyalgia have a

higher vascular sympathetic tone [4, 5, 8].

A reduced vagally mediated variability in heart rate is

present in the overall HRV over 24 h in patients with fibro-

myalgia in terms of SDNN, SDANN and pNN50 indices [4].

In our study the time domain measures are significantly

lower in the fibromyalgia patients than the controls indicat-

ing lesser parasympathetic activity in case of patients

(Table 1). The frequency domain analysis results in our

study further substantiate these findings where a significantly

lower high frequency percentage (HF%) is observed in the

patients with fibromyalgia (Table 2). A low HF is also

reported in patients with hypertension, sleep apnea and

chronic fatigue syndrome [1]. In our study the low frequency

LF power (n.u.) and LF/HF ratio in the patients with fibro-

myalgia shows a higher trend though they fail to reach a level

of significance (Table 2).

We report that the absolute values for the diastolic blood

pressure (cold pressor test and the hand grip test at the 1st

minute) and systolic blood pressure (lying to standing test

at 0.5th minute) are significantly different in the fibromy-

algia patients and healthy controls. However, the rise in

value of diastolic pressure from the baseline values (in

1 min of cold pressor test and the hand grip test) and fall in

systolic blood pressure in 0.5 min (during lying to standing

test) are comparable. Thus, fibromyalgia patients and

controls in our study reveal a similar sympathetic reactivity

which can be the result of a high baseline blood pressure.

Bou-Holaigah et al. [19] found that during tilt table testing,

60% of patients with fibromyalgia exhibit an abnormal

decrease in blood pressure compared with 0% of controls

(P \ 0.001) and all of the patients who tolerate the tilt-

table test for [10 min report a worsening of pain symp-

toms, whereas control subjects remained asymptomatic.

In our study the fibromyalgia patients and the healthy

controls do not differ in terms of the parasympathetic

reactivity. Significant differences in high frequency values

in the HRV analysis between groups are reported only at

the 5th minute of inspiration–expiration test and Valsalva

test [20]. We hypothesize that the patients with fibromy-

algia have a normal vagal function.

The patients with fibromyalgia exhibit restricted

mobility. The chronicity of widespread pain (in our study

the mean duration of illness is 5.56 ± 3.05 years) results in

nearly an inactivity or a restricted mobility among the

patients. Therefore, we propose that deconditioning takes

place in the patients with fibromyalgia, which may be a

consequence of pain related physical inactivity and may

lead to a high sympathetic and low parasympathetic tone as

seen in fibromyalgia patients (Fig. 1). The deconditioned

muscle is more prone to microtrauma and hence becomes

painful at even a lower level of exertion [21] thus giving

rise to a cascade of pain and autonomic dysfunction as

proposed in our model. Deconditioning also affects the

cardiorespiratory system and the peripheral circulation and

may be visualized as a reversal of the conditioning which

occurs as a result of physical training [22]. Increased

sympathetic tone in the blood vessels results in generalized

vasoconstriction and induces an increase in muscle tension

and local vasoconstriction in the arterioles and precapillary

sphincters in the fibromyalgic muscle and skin. As a con-

sequence, there is imbalance between oxygen supply and

demand, leading to ischaemia and pain [23]. It is plausible

that a defect of either the sympathetic reflex arc or in

vascular end organ is present in the fibromyalgia patients.

The activity of the sympathetic reflex arc as measured by

resting MSNA between fibromyalgia patients and controls

does not differ and the MSNA responses to isometric

Inactivity 

Deconditioning of 
muscles 

Micro trauma 

PAIN 

Autonomic nervous system involvement 
1. high sympathetic tone 
2. low parasympathetic tone 

Vasoconstrictiona

Reduced blood supply 

Fig. 1 A model proposing ‘Deconditioning of muscles’ leading to

‘Autonomic dysfunction’ as the key factor in the pathogenesis of pain

in fibromyalgia: 1 The superscript a indicates that our study supports

this link of the model proposed in an earlier study [23] which put

forward a hypothetical model of pathogenic interactions of various

factors that may be involved in fibromyalgia. 2 Deconditioned

muscles are more prone to microtrauma resulting in a cascade of pain

[21]. 3 Deconditioning also modulates the autonomic nervous system

resulting in a high sympathetic tone and a low parasympathetic tone

[22]. 4 A high sympathetic tone causes regional ischemia which in

turn results in widespread pain, the hallmark of fibromyalgia
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muscle contraction, post contraction ischemia or mental

stress are not exaggerated in the fibromyalgia patients [24].

Thus, the sympathetic reflex arc is intact leaving the like-

lihood of the defects of vascular end organs which are

continuously subjected to a persistently high blood pres-

sure. Therefore, in our study the high vascular sympathetic

tone (significantly higher baseline blood pressure in the

fibromyalgia patients than in controls) does not necessarily

reflect the cardiac sympathetic tone.

In the present study specific measures for studying

deconditioning (e.g. physical performance in terms of

cardiovascular fitness using bicycle ergometer etc.) could

not be studied because of the study design and its limita-

tions. Further studies for measuring cardiovascular sym-

pathetic tone like blood pressure variability (BPV),

baroreflex sensitivity (BRS) and noradrenaline spillover to

substantiate our findings can be carried out. The question

regarding the primary or secondary role of enhanced

sympathetic activity in fibromyalgia and the risk of

development of hypertension in the fibromyalgia patients

as compared to healthy population can be answered by

longitudinal studies. It is well established that different

phases of the menstrual cycle affects the neurohumoral and

the autonomic nervous system profile along with the

number of tender points [25, 26] in fibromyalgia. Hence-

forth, more controlled studies should be carried out to look

into the abovementioned limitations of the present study.
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