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Introduction 
Fibromyalgia syndrome (FMS) is characterized by chronic, 
widespread pain, fatigue and difficulty with sleep.  Fibromyalgia 
patients often experience cognitive impairment, irritable bowel 
symptoms and posturally-mediated hypotension [1,2].  Sleep 
disturbances are also a common symptom of fibromyalgia 
syndrome.  Sleep patterns are linked to biologic circadian rhythms 
which in turn influences the parasympathetic nervous system.   
Concomitant anxiety and panic disorders are common, although 
depression, despite common belief, is mostly seen in the severely 
impaired patients and appears secondary to the underlying 
disorder.  The lack of restorative sleep in fibromyalgia patients 
is a particularly troubling symptom and may help to explain the 
daytime fatigue and many of the other symptoms described [2-
6].  

The diagnosis of FMS is typically made on a subjective basis.  
Physicians rely on the patient’s history of pain and related 
symptoms without another clear etiology to explain the findings.  
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The use of the tender point exam can be confirmatory but is 
not specific and totally subjective.  Blood tests have proven 
unreliable and newer criteria proposed by the American College 
of Rheumatology are symptom based [7,8].  Although imaging 
studies such as Functional and Spectral MRI may reveal certain 
specific abnormalities and may even demonstrate response 
to treatment [9-12], availability of imaging centers that have 
experience with such test are limited and costs can be expensive.

Studies have indicated that autonomic nervous system (ANS) 
function is altered in fibromyalgia patients as revealed by 
objective ANS testing, such as tilt table testing.  Investigators such 
as Buskila [13], Chervin [4] and Martinez-Levin [4,14-16] have 
demonstrated consistent abnormalities in the ANS function using 
24-hour Holter monitor assessment of heart rate variability (HRV).  
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may help to explain the sleep abnormalities experienced by FMS 
patients.  After 5:00 am, parasympathetic activity diminishes 
rapidly.  We employed this methodology in order to understand 
parasympathetic and sympathetic ANS in this population while 
looking for a consistent pattern that might objectively separate 
FMS patients from patients with similar complaints who do not 
have FMS.

Methods
58 control patients and 329 FMS patients from a single medical 
practice (DS) were tested using a Holter Monitor (ECG).  FMS 
patients were defined as meeting the 1990 American College 
of Rheumatology criteria, were diagnosed as mild to severe and 
were consecutive patients presented at the medical practice.  
No patients were excluded for use of medication, concomitant 
medical or psychiatric conditions, age, sex, or any other reason. 

Control patients were randomly selected from a cohort of 
patients in a larger database and were characterized as having 
the majority of their circadian index above the normal range and 
having an increase over 1500% during the hours of midnight to 
5:00 am, which represents the 5th percentile. The control group 
was compared to other historical controls from the same lab and 
the results were similar.

Subjects wore holter monitors for a period of 24 hours and went 
about their daily routines.  HRV data was performed by Laboratory 
Services Industry.  HRV, sympathetic (LF) and parasympathetic 
(HF) data points analyzed were: SDNN, LF (0.04 to <0.15 Hz), HF 
(0.15 to <0.40 Hz), Total Power, Normal LF, Normal HF, LF/HF ratio 
and Circadian index between the hours of 0:00 (midnight) to 
5:00 am as measured by change in percentage from baseline in 
5 minute epochs. The percentage changes are added together to 
give you the Circadian index.  Normally, parasympathetic activity 
increases between midnight and 5:00 am and then decreases 
rapidly. The means of these points were compared between the 
control and active groups using a Two-Sample t-Test, assuming 
equal variances. Hypothesized mean difference was 0. QRS 
complexes were reviewed on a Pathfinder 710 (Reynolds Medical) 
by a specialized technician who censored aberrant complexes and 
artifacts using an algorithm based on the Lomb-Scargle method 
of spectral analysis to produce the standard measures of high 
frequency, low frequency and very low frequency (VLF, 0.003 to 
<0.04 Hz) spectral power, expressed in 2 msec.

Results
The FMS patients demonstrated decreased total power 
and parasympathetic ANS function, specifically reduction in 
parasympathetic nervous system function at night. The mean LF, 
corresponding to sympathetic function, of the 329 fibromyalgia 
patients was 388.99 Hz and the mean of the 58 normal patients 
was 470.0 Hz. (p<0.05) (Figure 1). The mean HF, corresponding to 
parasympathetic function, of the 329 fibromyalgia patients was 
246.95 Hz and the mean of the 58 normal patients was 262.25 Hz 
(p=NS). The mean Total Power of ANS function for fibromyalgia 
patients was 1347.53 Hz and the mean of the 58 normal patients 
was 1625.13 Hz. (p<0.05) (Figure 2).  The Total Power combines 
both sympathetic and parasympathetic function.  The mean LF 

Studies have suggested that the degree of ANS abnormality 
directly correlates with symptoms, specifically the pain intensity, 
indicating the importance of ANS dysfunction in FMS [17]. 

The studies to date looking at ANS dysfunction in FMS patients 
have been relatively small with well controlled patient populations 
[4,13,15,16]. They have excluded patients on sedative or 
antidepressant medications as well as with significant co-morbid 
conditions.  The aforementioned studies may not reflect typical 
community based FMS patients.  Larger studies without strict 
inclusion criteria that represent a more typical fibromyalgia 
population are needed.

Genetic studies suggest that FMS patients have a predilection 
toward dysautonomia.  Studies have suggested defects in the 
enzyme that inactivates catecholamines, specifically catechol-
O-methyl-transferase [18].  Receptor defects may be present 
as well.  These receptors are involved in pain perception and 
orthostasis. HLA associations have been described in FMS, but 
the heterogeneity is such that no specific correlation can yet be 
determined [19,20].    

The ANS is intimately involved in maintenance of blood pressure, 
heart rate, bowel function, pain perception as well as initiation and 
maintenance of sleep.  Disruption of the normal function of the 
Autonomic Nervous System as seen in fibromyalgia destroys the 
equilibrium between the sympathetic and the parasympathetic 
nervous system. These abnormalities may help to explain the 
symptoms patients have with fibromyalgia.  Heart rate variability 
(HRV) measures temporal differences between consecutive heart 
beats. One can determine the relative function of the ANS using 
Holter monitor to look at patterns of ANS function, particularly 
circadian rhythms.  Decreased HRV is an independent risk factor 
for many disease states including myocardial infarction, asthma, 
diabetes and chronic renal disease [21-28].

HRV is commonly measured in time-domain by millisecond (ms), 
but another path to interpret the data is to convert the time 
to frequency (Hz). The conversion employs a method called 
Fast Fourier Transformation (FFT) [29,30].  Until recently, this 
method was constructed in such a way where the heart beats 
of a subject were assumed to be of equal spacing. Now that this 
is known as inaccurate, we used a new version of this method 
which eliminates the need for the assumption of equal spacing 
of the successive heartbeats. The frequency data resulting from 
FFT provides a graph showing three predominant parts: Very Low 
Frequency (VLF), Low Frequency (LF), and High Frequency (HF).

In the frequency domain, High Frequency (HF) activity is known to 
be associated with parasympathetic nervous system activity [31], 
which is significantly active in normal subjects from midnight to 
5 am and slows down the body’s system functions for restoration 
during sleep. Low Frequency (LF) is associated with sympathetic 
nervous system activity. The increase in parasympathetic nervous 
system activity at night can be measured by looking at the percent 
change from baseline and is referred to as the Circadian index. 
Change in HF activity when compared to baseline can be measure 
in 5 minute epochs.  These changes are measured between 0:00 
(midnight) and 5:00 am and added together to represent the 
Circadian index. Decreased parasympathetic activity at night 
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to HF ratio of the FMS patients of 1.718 and the mean of the 
normal patients was 1.961 (p<0.001) (Figure 3), which indicated 
relative sympathetic hyperreactivity compared to normals in the 
fibromyalgia population. The mean Circadian increase for the 
329 fibromyalgia patients was 99.8% while the mean Circadian 
increase for the 58 normal patients was 74.54% (p<0.001) (Figure 
4), demonstrating lack of parasympathetic activation at night in 
the fibromyalgia patients.  

Discussion
This study demonstrated a statistically significant reduction of 
parasympathetic ANS activity during the nighttime hours as 
measured by analysis of 24 hour continuous ECG monitoring in 
both the time and frequency domain.   The parasympathetic ANS 
activity was measured by a Fast Fourier Transform in 5 minute 
epochs, 15 minutes apart. There was a statistically significant 
reduction in the high frequency band of the time domain 24 
hour ECG analysis, related to reduced parasympathetic ANS 
activity. Several other parameters were derived from the 24 hour 
ECG analysis. This included a reduction of 24 hour total power, 
as measured in the time domain, indicating suppression of the 
entire ANS activity.  

24 hour ECG recording is a well established methodology for 
assessing ANS activity. There are two fundamental methods for the 
24 hour ECG recordings that include time domain and frequency 
domain measurements [31]. In the time domain, the interval 
between each successive ECG beat is recorded in milliseconds 
(ms). Each interval is plotted by frequency. A number of statistical 
measurements are made from this time domain graph. For 
example, the variance of the ECG beats (i.e. the range between 
the lowest beat per minute and the highest beat per minute) is 
measured by the SDNN.  In normal subjects with healthy HRV, the 
range is from 60-120 beats per minute.  In patients with certain 
types of chronic diseases, HRV is frequently reduced and can be 
as little as 5 beats per minute [32-38]. In patients with congestive 
heart failure, the average can be 120 beats per minute with a 
range of 115-125 [38,39].  However, this alteration in ANS function 
is not always seen in autoimmune disease and may present with 
different patterns in mood disorders.  HRV would be a useful tool 
in differentiating FMS from other disease states as it has been 
shown to be sensitive to pain, in particular pain associated with 
physical and mental stressors [40].  

In the frequency domain, beats per minute are converted to Hz 
per minute, using the mathematical technique of Fast Fourier 
Transform. This is a methodology less familiar to clinicians but 
has resulted in specific frequency bands that have specific 
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clinical correlates. For example, the HF band, or High Frequency 
band, is associated with parasympathetic ANS activity [31]. The 
parasympathetic HF band has very little overlap with other ANS 
measurements and is considered specific for parasympathetic 
autonomic nervous system activity. Any fluctuations seen in the 
High Frequency band can be directly related to parasympathetic 
outflow. There are few other clinical or ECG methods available to 
measure ANS parasympathetic function. 

The method used in this study utilized a new Fast Fourier 
Transform methodology that does not assume equal spacing 
between events. This methodology was originally developed for 
assessment of Quasars, which are similar to ECG signals.  This 
methodology reduces both LF artifact and blurring of the other 
frequency bands.  This is the first study that we are aware of that 
this high resolution FFT has been applied to patients with FMS. 

It is well accepted that FMS is a disorder of the central nervous 
system [41-47], which clearly effects ANS function.  Previous 
attempts to measure this have been difficult to perform and 
have not provided consistent data [48] except in the description 
and the consistency that there are significant abnormalities, 
specifically in the reduced parasympathetic function of the ANS.  

We have demonstrated that patients with fibromyalgia have 
persistently reduced parasympathetic ANS activity, specifically 
at night.  The role of parasympathetic ANS function in initiation 
and maintenance of sleep, which is significantly blunted in FMS 
patients, may help to explain some instances of sleep disturbance 
and daytime somnolence that patients report.  In addition, 
patients with fibromyalgia have demonstrated reduced total 
power of the ANS, consistent with that seen in other studies.  The 
ANS is closely tied to many physiologic functions that are involved 
in symptoms FMS patients present.  These include irritable bowel 
syndrome, posturally-mediated hypotension, sleep disturbance, 
widespread pain and mood disorders such as anxiety and 
depression, which can be explained by the relative sympathetic 
hyper reactivity. The chronic nature of these conditions is often 
associated with long term reduction of parasympathetic activity.

Neurotransmitter deficiencies play a crucial role in chronic pain 
syndrome and are the target of most pharmaceutical modalities 
that treat FMS [49-55].  Antiepileptic drugs such as pregabalin 
reduces the synaptic release of several neurotransmitters, 
apparently by binding to α2-δ subunits, and possibly accounting 
for its actions in vivo to reduce neuronal excitability and seizures 
[56]. Duel serotonin norepinephrine reuptake inhibitors increase 
CNS levels of these neurotransmitters in the descending pain 
pathways, which are known to be diminished in chronic pain, 
and specifically FMS [57-59]. Tricyclic antidepressants work both 
on increasing serotonin and norepinephrine, while decreasing 
acetylcholine [60].  They often are used for their sedative effects 
at much lower doses than were typically used for depression.  
Whether this improves ANS function has yet to be determined 
objectively.

Another option is amino acid-based systems which provide 
neurotransmitter precursors that have been shown deficient in 
chronic pain syndromes [49-55]. These systems can potentially 
improve pain without significant side effects.  High doses of 

individual amino acids precursors to specific neurotransmitters 
are likely not to be beneficial as the effects attenuate rather 
rapidly.  Treatments that use small doses of several amino acids 
at smaller doses with other substances that improve uptake and 
prevent attenuation of the effects have greater promise. These 
therapies have been shown to provide benefit in other disease 
states that deplete neurotransmitters such as Gulf War Syndrome 
and Post Traumatic Stress Disorder and chronic back pain [61-65].  
Use of Holter monitor not only to diagnose but also to monitor 
treatment may prove to be useful.

The use of the Holter monitor to measure ANS activity is an 
objective and reproducible technology.  One of the challenges 
of FMS is finding a diagnostic test that can more objectively 
determine the presence or absence of the syndrome.  Use of 
manual tender point exam is often unclear and new criteria are 
being established to replace the old 1990 ACR methodologies 
[66,67].  However, these are primarily subjective tests and 
therefore have significant limitations.

The use of 24-hour Holter monitoring measuring HRV may be 
the first straightforward method that can objectively determine 
FMS in patients who have the clinical symptoms consistent with 
the diagnosis.  Although the method is not limited strictly to 
FMS diagnosis, there is a high rate of sensitivity with patients 
showing evidence of a marked impairment of parasympathetic 
activation at night.  If the study can be reproduced, it will likely 
represent the first objective test for FMS and would be useful in 
the following ways:

1. In confirming diagnosis of patients who meet all clinical 
criteria; and 

2. In patients who have confounding symptoms that may 
limit the effectiveness of objective evaluation, there would 
be a high value in negative testing (i.e. severe depression 
or somatization symptoms).

This study has limitations.  First, the clinical diagnosis of FMS 
may be considered subjective and vary between examiners.  
Control groups need to be better defined, although the profound 
decrease in parasympathetic ANS function from midnight to 
5 am makes it unlikely that a changing control group will alter 
this data. Medication usage, exercise and dietary routines were 
not controlled for in this study as patients were derived from a 
regular practice setting.

Parasympathetic ANS function is clearly suppressed in FMS 
patients, especially from the hours of midnight to 5 am.  This 
finding, if confirmed, may finally provide clinicians with an 
opportunity to have an objective test to confirm or refute the 
diagnosis of fibromyalgia in individual patients.

Conclusion
Patients with fibromyalgia have persistently reduced 
parasympathetic ANS activity, specifically at night.  The role of 
parasympathetic ANS function in initiation and maintenance of 
sleep may help to explain the sleep disturbance and daytime 
somnolence patients report. The ANS is closely tied to many 
physiologic functions that are involved in symptoms FMS patients 
experience including irritable bowel syndrome, posturally-
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mediated hypotension, sleep disturbance, widespread pain and 
anxiety, which can be explained by the relative sympathetic 
hyperreactivity. Holter monitor may represent an objective 
diagnostic tool for FMS and therapies that target abnormalities 
in ANS function may represent a new therapeutic option for FMS 
patients.
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