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Fibromyalgia (FM) is a clinical syndrome characterized by
widespread pain and abnormal discomfort on palpation of
specific tender point sites1,2. In addition, patients with FM
very frequently have nonrheumatic symptoms such as
fatigue, sleep disorders, headache, anxiety, sicca syndrome,
Raynaud’s phenomenon, and irritable bowel syndrome. The
pathogenesis of FM is elusive because of the absence of
distinctive biochemical or histologic abnormalities. It has
been suggested that most of the multisystem symptoms in
FM may be caused by dysfunction of the autonomic nervous
system3-9.

FM shares many clinical features with chronic fatigue
syndrome (CFS). Like FM, CFS is a functional somatic
disorder characterized by symptoms and disability that lack
observable structural abnormalities10-15. Clinical similarities

and comparable derangement of the autonomic nervous
system in FM and CFS are at the origin of the hypothesis
that FM and CFS have a common pathophysiologic
substrate15,16. We studied patients with the CFS using the
head-up tilt test (HUTT). An excessive lability of the blood
pressure (BP) and heart rate (HR) was apparent in almost all
patients with CFS. However, utilizing the accustomed end
points of the HUTT, i.e., cardioinhibitory reactions, vasode-
pressor reactions, postural tachycardia syndrome, and
hyperventilation17, hemodynamic instability was identified
in only half of the patients. Seeking a more precise measure
of hemodynamic instability, we developed a quantitative
method for assessment of the BP and HR reactivity in
response to postural challenge. The new method accurately
distinguished the excessive BP and HR instability of
patients with CFS from “normal instability” of healthy
persons (Naschitz, et al, personal communication). We
compared the BP and HR response to postural challenge in
FM and CFS utilizing this proposed method.

MATERIALS AND METHODS
Patients. The study population included 38 patients whose primary
complaint was pain. The entry criteria for the patients were as follows: (1)
age between 20 and 60 years; (2) fulfillment of the American College of
Rheumatology (ACR) criteria for the diagnosis of FM1; (3) lack of comor-
bidity, and absence of any medication that could affect the function of the
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autonomic nervous system, including any sleeping pills, tranquilizers, or
antidepressants, for at least 1 month prior to the study; (4) no evidence of
major depression; and (5) normal erythrocyte sedimentation rate, creatine
kinase level, and thyroid stimulating hormone level. All patients were
referred from a rheumatology clinic. Patients who fulfilled the entry criteria
were invited to participate in the study. The patients’ average age was 29.8
years (SD 11.4) and 67% were women. Two comparison groups of patients
matched for age and sex distribution were tested, along with FM patients.
Comparison group I consisted of 30 patients with the primary complaint of
fatigue referred from a CFS clinic. All patients met the Centers for Disease
Control and Prevention10 definition criteria of CFS, had no other diagnos-
able medical or psychiatric cause to explain their symptoms, and did not
have FM, based on a specific tender point counts less than 11/1816. Fifty-
eight percent were women with a mean age of 31.2 years (SD 12.4). The
median duration of illness was 17 months (range 6 mo to 10 yrs). Two
patients reported true syncope in the past. Comparison group II consisted
of 37 healthy volunteers who were recruited from the hospital staff to
participate in the study. Subjects were eligible if they did not report persis-
tent fatigue, had normal findings on physical examination, and had routine
laboratory tests, chest radiographs and electrocardiogram. Their average
age was 27.4 years (SD 9.1) and 65% were women. All patients and
controls were fully ambulatory. They did not take medications during the
15 days prior to the study.

All participants gave informed consent and the study was approved by
our institution’s human research committee. 

Clinical assessment. All patients were asked to rate the degree of their
symptoms during the previous week using a 0-10 visual analog scale for
pain. Using a structured questionnaire, patients were queried as to the pres-
ence of CFS, according to criteria of the Centers for Disease Control and
Prevention10. The number of tender points was determined by applying
uniform pressure with the right thumb on the conventional anatomic sites
and asking if this maneuver induced pain, according to the recommenda-
tions of the ACR Multicenter Criteria Committee11.

Protocol of the CHUTT. The protocol was based on the 10 minute
supine/30 minute head-up tilt test as described17. The tests were done from
8:00 to 11:00 A.M., in a quiet environment, at constant room temperature
of 22-25°C. Patients received their usual meals, but smoking and caffeine
were forbidden within 6 h of the examination. Intake of food products and
medications with sympathomimetic activity was prohibited. Manual read-
ings were taken by a physician certified in the blood pressure (BP)
measurement technique according to the American Heart Association
recommendations18. A mercury column sphygmomanometer (Baumano-
meter, standby model 0661-0250) was utilized for measurement of BP. This
instrument was preferred because it is the standard method of BP measure-
ment by which other noninvasive devices are judged, and because most
automatic BP measurement devices tested at rest19 and during head-up tilt20

were inaccurate. The HR was recorded on an electrocardiographic monitor.
The patient lay supine on the tilt table, secured to the table at chest, hips,
and knees using adhesive girdles, and the cuff of the BP recording device
attached to the left arm that was supported at heart level at all times during
the study. Measurements in the supine position were recorded 3 times at 5
min intervals. The table was then gently tilted head up to an angle of 70°.
The duration of the tilt was 30 min. During the initial 5 min of tilt, measure-
ments were obtained at 1 min intervals and subsequently measurements
were recorded every 5 min. Repeated measurements were taken at 30
second intervals when dizziness, faintness, or loss of consciousness
occurred. In the event of a loss of consciousness the test was discontinued.

Variables. “BP change” and “HR change” were computed. 
A. Systolic and diastolic BP changes were defined as the differences
between individual BP values measured during HUTT and the last recum-
bent BP value, and divided by the last recumbent BP value. The resulting
BP change, expressed as a relative value by comparison to the last supine
measurement, was calculated according to Equation 1:

BP change = BP (n1....n13) - BPn3 /BPn3)

The average systolic and diastolic BP change and SD was calculated for
each subject and called “current” BP change (average of the systolic BP
changes – current values = SYST-AVG.cur; average of the diastolic BP
changes – current values = DIAST-AVG.cur; standard deviation of the
systolic BP changes – current values = SYST-SD; standard deviation of the
diastolic BP changes – current values = DIAST-SD.cur). The BP changes
were also represented graphically in time curves. These figures were
constructed in a fixed template on Microsoft Excel graphics. The frame
measured 2 rectangles on the horizontal axis and 12 rectangles on the
vertical axis. The x axis was calibrated from 1 to 13, representing the time
of measurements. The y axis was calibrated from 0 to 0.6, representing the
values of the BP change (calculated according to Equation 1). The time
curves were depicted as continuous black lines on white background.
Subsequently, time curves were saved as tagged image file format (TIFF)
for best resolution. The images were loaded in a computerized image
analyzer (Image Pro-plus 4, Media Cybernetics, Baltimore, MD, USA).
The length of the outline of the time curve was automatically measured.
The outline ratio (OR) was calculated by dividing the length of the outline
curve by the length of a straight line on the horizontal axis from 1 to 13.
Time curves displaying greater amplitudes and number of oscillations
translate into higher OR values. The fractal dimension (FD) of the time
curve was automatically computed using the box counting method21. The
variables thus determined were labeled SYST-OR.cur, SYST-FD.cur,
DIAST-OR.cur, and DIAST-FD.cur. The FD represents the “self-simi-
larity” in dynamic behavior over multiple scales of time, while the OR
merely measures the irregularity of the time curve.
B. “Absolute systolic and diastolic BP changes” were computed by trans-
forming positive and negative BP changes into positive values. The relative
values of BP changes were calculated as above. Subsequently, the average,
SD, OR, and FD of the absolute BP changes were calculated and labeled
SYST-AVG.abs, SYST-SD.abs, SYST-OR.abs, SYST-FD.abs, DIAST-
AVG.abs, DIAST-SD.abs, DIAST-OR.abs, and DIAST-FD.abs.
C. “Heart rate change” was defined as the difference between successive
HR values and the last recumbent HR value, and divided by the last recum-
bent HR value: Equation 2:

HR change = HR(n1....n13) – HRn3 /HRn3

The HR changes average, SD, OR, and FD were labeled HR-AVG.cur, HR-
SD.cur, HR-OR.cur, HR-FD.cur.
D. Absolute HR changes were derived by the transformation of positive
and negative HR change values into positive numbers. The absolute HR
changes average, SD, OR, and FD were calculated: HR-AVG.abs, HR-
SD.abs, HR-OR.abs, HR-FD.abs.

Overall, 24 variables were defined and collectively called “cardiovas-
cular reactivity indices.”

Discriminant scores. In a previous study that compared cardiovascular
response during a head-up tilt test in CFS patients with the cardiovascular
response in a healthy population (Naschitz J, et al, personal communica-
tion) the independent predictors of the cardiovascular response of CFS
patients to postural challenge versus response to postural challenge in the
healthy subjects were the following: SYST.SD.cur, SYST.SD.abs,
SYST.FD.abs, and HR.SD.abs. The regression coefficients (intercept and
slopes) of the latter were utilized to compute a discriminant score (DS) that
could separate CFS from other patients. Equation 3:

DS = 13.24 + (SYST.SD.abs × 29.86) + (SYST.FD.abs × –23.06) +
(HR.SD.abs × 55.27) + (SYST.SD.cur × 95.75)

Values of the DS > –0.54 were usually observed in CFS (sensitivity 84%)
and values ≤ –0.54 were generally seen in controls (specificity 96.6%). The
latter equation was applied to calculate DS values for patients and controls.

Data analysis. In each patient group, the average and SD of all cardiovas-
cular response indices were calculated and group comparisons were
performed. Multiple comparisons were performed using one-way analysis
of variance followed by the Bonferroni post hoc test. The equality of vari-
ances was determined using Levene’s test. For multivariate analysis,
forward stepwise logistic regression analysis was applied. A 2 tailed p ≤
0.05 was accepted as statistically significant.
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RESULTS
The estimated average duration of FM was 5.7 years (SD
4.6), the average visual analog scale pain score was 8.1 (SD
1.3), and the average number of tender points was 14.3 (SD
1.9). The FM patients were further subgrouped based on
their answers to the structured questionnaire as to the pres-
ence of chronic fatigue: (A) FM patients who also had
persistent fatigue and met the definition criteria of CFS (n
=16) and (B) FM patients who had no persistent fatigue (n
= 22).

Table 1 shows the BP and HR group averages and stan-
dard deviations in FM, CFS, and healthy subjects. Patients
with FM exhibited significantly higher systolic and diastolic
BP during both supine and head-up tilt measurements (p <
0.0001). In response to upright tilt, patients with CFS
showed significant increase in heart rate compared to
patients with FM and healthy subjects (p < 0.0001).

The group average DS values for patients and controls
were: FM –3.68 (SD 2.7), CFS = +3.72 (SD 5.02), and
controls = –4.62 (SD 2.24). Statistical evaluation showed
that DS values differed significantly between FM and CFS,
but not between FM and healthy subjects (Table 2). Both
subgroups of FM patients, with and without fatigue, had
comparable DS values [DS = –3.27 (SD 2.7) and –3.6947
(SD 2.5), respectively] and both differed significantly from
DS values in CFS patients.

Discriminant scores for subgroups with FM are shown in
Table 3.

DISCUSSION
The proposed discriminant score utilized in this study
confers numerical expression to the degree of instability of
BP and HR on postural challenge. Based on this score, a
distinction between the cardiovascular response in patients

with FM and other populations was inferred. Patients with
FM and CFS had distinctly different DS values.

Clinical similarities and derangement of the autonomic
nervous system in both FM and CFS are at the origin of the
hypothesis that FM and CFS have a common pathophysio-
logic substrate15. In addition, there is a high degree of co-
occurrence between FM and CFS7,22. Alterations of the
autonomic nervous system function are prevalent in FM and
CFS. Orthostatic intolerance is frequent in FM on tilt table
testing, attesting to the presence of an autonomic nervous
system dysfunction in this disorder6. Using laser Doppler
flowmetry to monitor changes in skin microcirculation3 and
measurement of skin electrical conductance23, it was shown
that subjects with FM have a decreased sympathetic nervous
system response to stimulation. Analysis of heart rate vari-

Table 1. Blood pressure (BP) and heart rate (HR) responses to head-up tilt testing.

Measurements FM, CFS, Controls,
n = 38 n = 30 n = 37 p*

Mean (SD) Mean (SD) Mean (SD)

Last supine
Systolic BP 126.3 (17.7) 108.4 (11.2) 113.0 (9.1) < 0.0001 FM vs CFS,
(mm Hg) FM vs HC
Diastolic BP 79.6 (9.9) 68.4 (8.1) 68.6 (7.47) < 0.0001 FM vs CFS,
(mm Hg) FM vs HC
HR (bpm) 68.1 (6.2) 74.0 (13.7) 68.5 (9.9) NS

At termination of tilt
Systolic BP 116.2 (15.6) 93.1 (15.1) 109.2 (8.4) < 0.0001 FM vs CFS,

CFS vs HC
Diastolic BP 80.0 (7.8) 60.0 (11.6) 72.5 (6.8) < 0.0001 FM vs CFS,

FM vs HC,
CFS vs HC

HR 80.2 (8.1) 91.5 (17.6) 76.5 (10.3) < 0.0001 FM vs CFS,
CFS vs HC

*Analysis of variance followed by Bonferroni post hoc test. HC: healthy control subjects.

Table 2. Discriminant scores in the different groups.

Group Discriminant Score: Average (SD)

FM, n = 38 –3.68 (2.7)
CFS, n = 30 +3.72 (5.02)
Healthy controls, n = 37 –4.62 (2.24)

Analysis of variance: p < 0.0001. Statistically significant difference in:
FM vs CFS, CFS vs healthy controls.

Table 3. Discriminant scores in subgroups of patients with FM.

FM Subgroups Discriminant Score: Average (SD)

FM with chronic fatigue, n = 16 –3.27 (2.7)
FM no chronic fatigue, n = 22 –3.6947 (2.5)

P = NS.
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ability showed that FM patients have sympathetic hyperac-
tivity during the day and sleep associated with a blunted
sympathetic response to stressors4-8.

In CFS and in FM, the occurrence of orthostatic intoler-
ance attests to the presence of an autonomic nervous system
dysfunction. Dysautonomia in CFS may manifest with one
or more of the following disturbances: neurally mediated
hypotension24,25, the postural tachycardia syndrome26, and
hyperventilation27. In a series of patients assessed by the
capnography head-up tilt test, a vasodepressor reaction
occurred in 41%, cardioinhibitory reaction in 13%, postural
tachycardia syndrome in 14 (44%), and hyperventilation
causing hypocapnia (end tidal pressure of CO2 < 25 mm Hg)
in 31% of the subjects17. CFS patients who had an ortho-
static tachycardia reaction also frequently exhibited
subnormal plasma renin activity and plasma aldosterone
concentration26. These results may be the expression of
impaired sympathetic innervation of the juxtaglomerular
apparatus28,29.

The hypothesis that FM and CFS have a common patho-
physiologic substrate15 is not supported by data from our
study. On the contrary, patients with FM and CFS had statis-
tically significant differences in their cardiovascular
responses to postural stress. The DS of patients with FM
was –3.68 (SD 2.7), while the DS of patients with CFS was
+3.72 (SD 5.02), at p < 0.0001. Subgroup analysis showed
comparable DS values in FM subgroups, whether or not
fatigue was an associated symptom (p < 0.0001).

At the basis of the DS is measurement of BP change. BP
changes were obtained by subtracting the last supine BP
measurement from the series of BP values measured during
the HUTT. Similarly, the simplest measure of HR instability
is HR change, which is calculated in a similar fashion. The
BP and HR changes were referred to the last supine
measurement. The correction of HR change with respect to
baseline HR values justified comparisons of subjects who
had bradycardia or tachycardia at baseline. In this respect,
our method differs from other studies, which have mainly
analyzed genuine BP and HR values30. Our method also
differs from standard methods by recording BP and HR at 5
min, or whenever symptoms of instability presented. We
believe that this is the most accurate method for detecting
clinically relevant events31, and manual mercury sphygmo-
manometry is the gold standard of noninvasive BP measure-
ment18,19. Other authors prefer beat-to-beat HR and BP
recordings, and their corresponding frequency spectra.
However, the accuracy of the noninvasive Finapres BP
measurement device does not meet the requirements of the
British Hypertension Society32. Further, these measure-
ments have little significance or correlation with symptoms
of hemodynamic instability33. We utilized computerized
image analysis to evaluate the irregularity and calculate the
OR of the time curves. A greater amplitude and number of
oscillations translate into a higher outline ratio value. While

OR reflects irregularity, FD represents a “self-similarity” in
dynamic behavior over multiple scales of time34. A fractal
structure is characterized by the similarity of an object’s
smaller fragments to its larger ones, over a broad range of
scales. Fractal measurements differ from measurements
used in regular Euclidean geometry. Accordingly, OR and
fractal dimensions are expected to differ because OR is
based on Euclidean dimensions, whereas FD utilizes a
fractal structure. In our results, the FD but not the OR
contributed to the calculation of DS.

There are different methods for the assessment of the
cardiovascular reactivity, none of them being generally
acclaimed35 and more suitable tests being recently devel-
oped, one among them being the DS. The DS in healthy
persons defines the boundaries of the normal cardiovascular
instability. The DS in FM patients is within the normal
range. In contrast to the normal degree of cardiovascular
instability, excessive instability is observed in CFS in the
present study. A recent study evaluating other pathophysio-
logic disturbances in CFS provides independent support to
the difference between FM and CFS. Studies on the 2-5A
synthetase/ribonuclease pathway in CFS showed increased
levels of the abnormal 37 kDa protein in 72% of the CFS
patients. None of the FM patients were found to have this
protein, a finding that may indicate a basic difference
between these conditions on a molecular level36.

The head up tilt test is easy to administer, with less than
5% dropout rate among hypertensive patients because of
symptomatic hypotension37. It does not interfere with
cardiac and hemodynamic monitoring. Its use is not
restricted by cultural constraints and it is applicable to a
wide range of populations. While performing a HUTT is
time consuming, the calculation of DS is expeditious.
Fractal analysis can be performed in one minute, utilizing
one or another of the accessible computer programs, some
of which can be purchased on the Internet for less than $200
US. We obtain the DS instantly, with the aid of a self-built
computer program, after the BP and HR measurements are
complete and the FD has been computed.

There are limitations to our study. First, the HUTT uses
artificial stimuli that are not encountered in everyday life.
Second, the HUTT assesses acute challenges lasting for 40
minutes. Third, a variety of factors may influence cardio-
vascular responses to stress tests including anaerobic
fitness, the menstrual cycle, alcohol intake, and smoking.
These factors have not been addressed in our study. Fourth,
DS measurements have not been compared with ambulatory
monitoring and with other laboratory methods for evalua-
tion of the cardiovascular reactivity.

The DS is an empirical measure of BP and HR lability
but it does not explain the pathophysiological mechanisms
operative and responsible for those reactivities. Our study
demonstrates differences in cardiovascular reactivity in FM
and CFS. Further research may provide additional informa-
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tion about homeostatic dysfunction in FM and CFS, and on
the contribution of autonomic system dysregulation in both
disorders.
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