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Abstract
Objective: This study involves a comprehensive investigation
of autonomic cardiovascular regulation in fibromyalgia syndrome
(FMS) at rest and during painful stimulation and its association
with pain indices. Methods: In 35 patients and 29 healthy
controls, electrocardiography, impedance cardiography, and
finger continuous blood pressure measurements were conducted.
For the purpose of experimental pain induction, a cold pressor
test was applied. Results: FMS patients showed lower pain
threshold and tolerance, as well as higher ratings of pain
intensity and unpleasantness on visual analogue scales. Resting
stroke volume, myocardial contractility, R-R interval, heart rate
variability, and sensitivity of the cardiac baroreflex were reduced
in the patients, and increases in stroke volume and myocardial
contractility during cold pressor stimulation were less pro-
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nounced. In the whole sample as well as in the FMS group,
baroreflex sensitivity was inversely associated with subjective
pain intensity, and a higher number of baroreflex operations per
unit of time predicted higher pain tolerance. Conclusions: The
data suggest impaired autonomic cardiovascular regulation in
FMS in terms of reduced sympathetic and parasympathetic
influences, as well as blunted sympathetic reactivity to acute
stress. The association between baroreflex function and pain
experience reflects the pain inhibition mediated by the baror-
eceptor system. Given the reduced baroreflex sensitivity in FMS,
one may assume deficient ascending pain inhibition arising from
the cardiovascular system, which may contribute to the
exaggerated pain sensitivity of FMS.
© 2011 Elsevier Inc. All rights reserved.
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Introduction

Fibromyalgia syndrome (FMS) is a chronic and general-
ized pain disorder, which is accompanied by symptoms such
as morning stiffness, fatigue, depression, insomnia, and
reduced cognitive performance [1]. According to current
models, hypersensitivity of the central nociceptive system
and deficient pain inhibiting mechanisms are involved in the
etiology of the disease [2,3]. Changes in states of the
cardiovascular system modulate central nervous pain
processing and subjective experience of pain, constituting
an important source of anti-nociception [4]. Experimental
blood pressure elevation leads to a reduction in pain
sensitivity [5,6], and tonic blood pressure is inversely related
to pain experience, e.g., [7–9]. A number of studies have
furthermore indicated that high blood pressure may protect
against clinical pain, for instance, headaches, musculoskel-
etal complaints, and post-surgical pain [10,11].

The cardiac baroreflex system plays an important role in
mediating the relationship between blood pressure and pain.
Through its buffering effect on blood pressure oscillations,
the baroreflex contributes to short-term regulation of blood
pressure [12]. The cardiac branch of the reflex, which
transmits the compensatory alterations in heart period
following blood pressure changes, is a powerful source of
vagal cardiac influences [12–14]. The arterial baroreceptors
furthermore constitute the starting point of an afferent
pathway by which cardiovascular function modulates brain
activity [15]. Responding to mechanical stretch of the carotid
and aortic vessel walls, the baroreceptors trigger a global
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Table 1
Demographic, clinical, and medication use data in both groups (mean±SD)

Fibromyalgia Control t or χ2 P

Age 50.5±6.7 49.4±9.4 .55 .589
Body Mass Index 29.19±5.1 27±5.1 1.64 .138
Depression 17 (48%) 1 (3.45%) 15.97 b.001
Anxiety disorders a 11 (31.4%) 4 (13.7%) 2.98 .075
Antidepressant use 22 (62.8%) 1 (3.45%) 24.31 b.001
Anxiolytic use 23 (65.7%) 1 (3.45%) 26.23 b.001
Analgesic use 20 (57%) 0 (0%) 24.10 b.001
Opiate use 15 (42.8%) 0 (0%) 16.23 b.001

a These comprised panic disorder, generalized anxiety disorder, phobias,
and adjustment disorders.
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inhibitory effect on the brain. This mechanism is assumed to
be of importance in pain dampening related to blood pressure
increase [4,16]. Experimental activation of the carotid
baroreceptors and electrical stimulation of the nucleus of
the solitary tract (NTS), which includes the first synapse of
the baroreceptor afferents, both yielded antinociceptive
effects [15,4]. Besides, a recent study revealed evidence of
an association between functional features of the baroreflex
and pain sensitivity [9]. Baroreflex sensitivity (BRS), i.e., the
change in R-R interval (RRI) per unit change in systolic
blood pressure (SBP), was inversely related to subjective
pain intensity in healthy persons, suggesting that stronger
activation of the baroreflex system is associated with more
pronounced central nervous inhibition.

It has repeatedly been suggested that autonomic dysre-
gulation occurs in FMS, which may explain some of its
symptoms [1,17,18]. A number of observations point
towards aberrances in autonomic control of the cardiovas-
cular system in affected patients, e.g., [17–20]. Vaerøy et al.
[21], for instance, measured skin temperature and blood flow
responses to intense auditory stimulation and the cold
pressor test and found lower responses in patients, indicating
reduced sympathetically mediated vasoconstriction. In order
to evaluate autonomic functioning in fibromyalgia and other
chronic pain disorders, heart rate variability (HRV) analysis
has been applied [19,22,23]. The high-frequency (HF) band
of the HRV spectrum constitutes a valid index of vagal
cardiac control [24], while the low-frequency (LF) band has
been suggested to represent sympathetic cardiac activation
[25]. The LF/HF ratio has been proposed as an index of the
sympathovagal balance, i.e., the relative sympathetic
contribution to cardiac regulation [19,22,23]. In FMS,
overall reduced HRV and an increased LF/HF ratio have
repeatedly been observed and interpreted in terms of
increased sympathetic cardiac control [19,22,23,26]. Further
studies in chronic pain showed associations between HRV
and perceived disability or functional impairment [22,27].

A recent study of our group revealed aberrations in
several aspects of cardiovascular regulation as well as
abnormal response to mental stress induced by an arithmetic
task [28]. FMS patients showed reduced BRS, RRI, HRV,
stroke volume (SV), cardiac contractility, and left ventricular
ejection time (LVET). In addition, less pronounced stress-
related modulations were found for diastolic blood pressure
(DBP), BRS, RRI, and LVET. These data suggest reduced
sympathetic and parasympathetic cardiovascular influences,
impaired autonomic cardiovascular adjustment to acute
stress, as well as blunted baroreflex function. In the same
study, we found significant relationships between cardio-
vascular parameters and clinical pain severity. Lower levels
of blood pressure and BRS were associated with increased
ratings on clinical pain, believed to reflect the pain-inhibiting
mechanism originating from the cardiovascular system. On
account of the reduced baroreflex function in FMS, one may
consider deficient ascending pain inhibition to be likely to
contribute to the hyperalgesia characterizing the disorder.
The present study had two aims. The first aim was to
investigate relationships between parameters of baroreflex
function and experimentally evoked pain in patients with
FMS and in a healthy control sample. For the purpose of pain
induction a cold pressor test was applied. This is a reliable
technique, which has repeatedly been shown to be sensitive
to differences in cardiovascular states [9,29,30]. It enables
pain threshold and tolerance as well as subjectively
experienced pain intensity and unpleasantness to be
measured. Taking into account the above considerations
concerning blood pressure, baroreflex function, and noci-
ception, we hypothesized inverse relationships between
blood pressure and baroreflex parameters on the one hand
and pain sensitivity on the other. The second aim was to
explore whether the findings of autonomic cardiovascular
abnormalities in FMS elicited by mental stress would be
replicated in stress experienced during a painful situation.
Methods

Participants

Thirty-five patients with FMS (32 females, 3 males), all
of whom were recruited via the Fibromyalgia Association of
Jaén, took part in the study. We informed the members of
this organization about the objectives, procedure, and
inclusion criteria of the study and approached those
interested. The patients were examined by a rheumatologist
and met the American College of Rheumatology criteria for
FMS [1]. Exclusion criteria comprised cardiovascular
diseases of any kind, metabolic abnormalities, inflammation
as cause of pain, neurological disorders, and severe somatic
(e.g., cancer) or psychiatric (e.g., psychotic) diseases. The
control group comprised of 29 healthy subjects (27 females,
2 males) who were recruited via women's associations of
Jaén. They were matched to the patients with respect to
age, gender, body mass index, educational level, and
occupational status. In addition to pain disorders of any
kind, the control group met the same exclusion criteria as the
patients. Clinical interviews were conducted with all
participants to evaluate the exclusion criteria and medication
use. To assess possible mental disorders, the Structured
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Clinical Interview for Axis I Disorders of the Diagnostic and
Statistical Manual for Mental Disorders (SCIDI-I) [31] was
used. Table 1 displays the demographic, clinical, and
medication data. The majority of participants in the FMS
group used analgesic, antidepressant or anxiolytic drugs.
High rates of comorbid depression and anxiety disorders
were found in the patients.

Apparatus

A task force monitor (CNSystems, Graz, Austria) was
used for physiological recordings. Through impedance
cardiography (ICG), electrocardiography (ECG), and oscil-
lometric and finger blood pressure measurements, the device
enables the assessment of cardiovascular parameters on a
beat-to-beat basis. In order to record two bipolar ECGs, four
electrodes were applied to the chest, two close to the
shoulders, and two at the lower rib cage (Einthoven I and II).
Four further electrodes, two at the lateral chest (xiphoidal
level), one at the lower nape and a ground electrode at the
right ankle, were used for ICG. Oscillometric blood pressure
was taken from the right brachial artery. Continuous blood
pressure measurements were taken at the first phalange of the
second and third fingers of the left hand. The hand was
positioned at the level of the heart. The device recalibrates
continuous finger blood pressure according to brachial artery
blood pressure every 60 s. Recordings were conducted at a
sample rate of 1000 Hz.

Pain induction and assessment

The cold pressor test entailed subjects immersing their left
hand and forearm in ice-cold water. Water temperature was
maintained at between 1°C and 3°C. In order to control for
possible effects of skin temperature, subjects placed their left
hand and forearm in a water bath of 37°C for 3 min prior to
testing. Participants were instructed to verbally indicate at
what point they began to feel pain (pain threshold) and to
withdraw from the ice-water when they could no longer
tolerate the pain (pain tolerance). In order to assess
participants' subjective experience of pain, they were
presented with two 10-cm line Visual Analogue Scales
(VAS) following the cold pressure test. The scales referred to
the sensory and affective aspects of pain (“How strong/
unpleasant was the pain?”). The anchor points of the scales
were marked “not at all” and “extremely.” Subjects were
asked to rate the strongest pain sensation experienced in the
course of the procedure.

Procedure

The study was conducted in two sessions taking place the
same day. In the first session, starting at 10 a.m., a clinical
psychologist took the patients' clinical histories, evaluated
the selection criteria, and conducted the SCIDI-I interviews.
In the second session, held at 6 p.m., the actual experiment
was carried out by a second experimenter. Participants were
instructed to refrain from caffeine, alcohol, and vigorous
exercise for 2 h prior to the experiment. They were asked not
to consume analgesic drugs beginning one day before the
study. After a 15-min resting period, the cold pressor test was
executed followed by a 5-min recovery period. Physiological
assessment took place during the whole procedure. The last
10 min prior to the test were defined as a baseline. During
baseline and recovery periods subjects were told to relax
with their eyes open and not to speak.

Data reduction and analysis

All parameters, except those of baroreflex function,
were computed using the software of the Task Force
Monitor. RRI (in ms) was derived from ECG. SBP and
DBP blood pressure (in mmHg) were obtained from
continuous finger blood pressure measurement. SV (in ml/
m2), cardiac output (CO, in l/min⁎m2), and total
peripheral resistance (TPR, in dyne⁎s⁎m2/cm5) were
obtained from ICG using the algorithms described by
Wang et al. [32]. Furthermore, a contractility index (CI,
in 1000/s) based on maximal blood flow acceleration
during myocardial ejection [32] was computed. HRV
analysis was conducted using adaptive autoregressive
models following algorithms from Bianchi et al. [33]. In
addition to total spectral power density (SPD), three
frequency bands were extracted according to Task Force
guidelines [34]: the high-frequency (HF, 0.15 to 0.40 Hz),
low-frequency (LF, 0.04 to 0.15 Hz), and very-low-
frequency (VLF, lower than .04 Hz) bands. Measures
were expressed in absolute units (in ms2). Furthermore
the LF/HF ratio was computed. Given that the duration of
the period of ice-water stimulation was relatively short
and differed between the participants, HRV parameters
were computed only for the baseline, warm water, and
recovery periods.

BRS was quantified based on continuous blood pressure
and RRI recordings using sequence analysis [35]. For this
purpose, a software program developed by Reyes del Paso
[36] was applied. The program locates sequences of three
to six consecutive heart cycles (“baroreflex sequences”) in
which SBP increases are accompanied by increases in RRI,
and such in which SBP decreases are accompanied by
decreases in RRI. Since a time lag of one heartbeat is
known to produce the best estimates of BRS [37], each
systolic value was paired with the duration of the cycle
immediately following; 1 mmHg and 2 ms were applied as
minimal criteria for changes in blood pressure and RRI,
respectively. When one of these baroreflex sequences was
detected, the regression line was computed across all heart
cycles of the given sequence. BRS was expressed as the
change in RRI (in ms) per mmHg of blood pressure
change, measured by the slope of the regression line. In
addition to BRS, the number of baroreflex sequences and



Fig. 1. RRI during the four experimental periods (circles and continuous
lines represent the fibromyalgia group, squares and discontinuous lines
represent the control group). Bars indicate standard errors of the mean.

Fig. 3. DBP during the four experimental periods (same symbols as in
previous figures).
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the mean slope of all detected SBP ramps (i.e., progressive
SBP changes across three to six consecutive cycles
expressed by the regression line between SBP and time
in mmHg/s) [38] were included in the analysis.

Statistical analyses were performed using multivariate
analysis of variance models with one between-subjects
factor (groups) and one repeated-measures factor (exper-
imental periods). We analyzed the potential biases related
to medication and comorbid emotional disorders by
performing a stratified analysis for each variable in the
FMS group for patients using and not using medication
(separately for antidepressants, anxiolytics, analgesics and
opiates) and for patients suffering or not suffering from
depression and/or anxiety disorders. Relationships between
cardiovascular parameters and the four pain indices were
quantified by means of stepwise regression analyses. SBP,
BRS, and the number of baroreflex sequences assessed
during ice-water stimulation served as predictors. Since the
duration of ice-water stimulation varied between subjects,
the number of baroreflex sequences per minute was
applied instead of the absolute values. Regression models
were computed separately for both study groups, as well as
for the total sample. The standardized β coefficient will be
reported. Pain parameters were asymmetrically distributed
Fig. 2. SBP during the four experimental periods (same symbols as in
Fig. 1).
and therefore log-transformed. No significant deviations
from the assumption of normality where observed for the
physiological variables.
Results

RRI and blood pressure

As can be seen in Fig. 1, RRI was overall lower in the
FMS group than in healthy controls [main effect of group: F
(1,62)=7.09, Pb.01, η²=.10]. RRI decreased progressively
during warm and ice-water immersion and once again
increased during recovery [main effect of condition: F(3,60)
=55.84, Pb.01, η²=.74]. SBP progressively increased during
warm and ice-water stimulation, and decreased during
recovery [F(3,60)=54.1, Pb.01, η²=.73; see Fig. 2] without
any group effect. The pattern of changes in DBP across
conditions was similar to SBP [F(3,60)=42, Pb.01, η²=.68;
see Fig. 3].

ICG derived parameters

The FMS patients showed overall lower SV than the
control group (see Fig. 4). The main effect of group
however was only marginally significant [F(1,62)=3.73,
P=.058, η²=.06]. SV increased during ice-water immersion
Fig. 4. SV during the four experimental periods (same symbols as in
previous figures).

image of Fig. 2
image of Fig. 3
image of Fig. 4


Fig. 5. CI during the four experimental periods (same symbols as in
previous figures).
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[F(3,60)=9.09, Pb.01, η²=.32], the magnitude of the
change differing between groups [interaction: F(3,60)
=3.23, Pb.05, η²=.14]. The increase was significant in the
control group [F(3,25)=7.68, Pb.01, η²=.48], but not in the
FMS patients [F(3,32)=1.54, PN.1, η²=.12]. No significant
group or interaction effect was found for CO. In the whole
sample CO was highest during ice-water immersion (2.61
±.52, 2.69±.53, 2.90±.59, and 2.66 ±.54 l/m⁎m2, respec-
tively, for baseline, warm water, ice-water, and recovery
periods; F(3,60)=23.69, Pb.01, η²=.55). No effects were
found for TPR. CI was overall lower in the patients than in
the controls [F(1,62)=4.77, Pb.05, η²=.07; see Fig. 5]. It
increased during ice-water stimulation [F(3,60)=8.95,
Pb.01, η²=.31], the magnitude of the change differing
between groups [interaction: F(2,63)=3.98, Pb.05, η²=.17].
The increase in CI was significant in the control [F(3,26)
=8.69, Pb.01, η²=.51] but not in the patient group [F(3,32)
=2.46, P=.081, η²=.19].

Heart rate variability parameters

Table 2 gives the HRV parameters for the baseline, warm
water and recovery periods. SPD was lower in the FMS than
in the control group [F(1,62)=7.26, Pb.01, η²=.13].
Regarding specific frequency bands, the VLF [F(1,62)
=8.63, Pb.01, η²=.17] and HF [F(1,62)=13.57, Pb.01,
η²=.20] components were reduced, while the group differ-
ence in the LF band was only marginally significant [F(1,62)
=2.95, P=.09, η²=.05]. The LF/HF ratio was higher in the
FMS group [F(1,62)=7.15, Pb.01, η²=.11]. HRV in the HF
band was higher during recovery than in the previous periods
Table 2
Means±S.D. of HRV parameters during baseline, warn water and recovery period

Fibromyalgia Contr

Baseline Warn water Recovery Basel

SPD 349±300 483±578 338±278 516±
VLF 98±90 150±156 130±110 195±
LF 164±166 183±191 195±202 177±
HF 82±90 103±152 97±1 03 187±
LF/HF 2.69±2.22 2.96±2.31 3.52±2.95 1.61±

The F and P values associated to the group differences are also displayed.
[F(2,61)=3.21, Pb.05, η²=.11]. However, the extent of this
change differed as a function of group [interaction effect: F
(2,61)=3.15, Pb.05, η²=.11]. The increase during recovery
was significant in the control [F(2,27)=3.88, Pb.05, η²=.13]
but not in the FMS group [F(2,33)=.35, PN.1, η²=.01]. The
LF/HF ratio was higher during warm water stimulation and
recovery with respect to baseline in the FMS group [F(2,33)
=3.27, Pb.05, η²=.17], while in the control group, no
significant change occurred [F(2,27)=.81, PN.1, η²=.05].

BRS and slopes of SBP ramps

The number of baroreflex sequences did not differ
between groups and was sufficient to obtain reliable
estimates for BRS (see Table 3). This also holds true for
the relatively short ice-water period. BRS was lower overall
in the FMS than in the control group [F(1,62)=7.70, Pb.01,
η²=.12]. As displayed in Fig. 6, BRS progressively decreased
during warm and ice-water stimulation and increased once
again during recovery [F(3,61)=2.75, P=.05, η²=.13]. The
magnitude of the changes was similar in both groups. The
slopes of the SBP ramps were overall higher in the FMS
group than in the control group [F(1,62)=3.77, Pb.05,
η²=.06]. They progressively increased during both stimula-
tion conditions [F(3,60)=35.33, Pb.01, η²=.65] and de-
creased during recovery (see Fig. 7). The changes were
stronger in the FMS group [interaction: F(3,61)=4.38,
Pb.01, η²=.19].

Effects of psychiatric comorbidity and medication use

Table 4 displays the differences found in autonomic
parameters in the FMS group as a function of the presence of
emotional disorders and medication use. Patients with
depression showed lower RRI [F(1,33)=5.71, Pb.05,
η²=.15], higher SBP [F(1,33)=4.35, Pb.05, η²=.12], lower
SV [F(1,33)=4.14, Pb.05, η²=.11], and lower CI [F(1,33)
=5.45, Pb.05, η²=.14] than did nondepressed patients. The
depressed patients also showed a tendency towards reduced
HRV in all frequency bands, but the differences reached
significance only for SPD [F(1,33)=4.37, Pb.05, η²=.16].
Patients suffering from anxiety disorders had higher DBP
than those not suffering anxiety [F(1,33)=5.21, Pb.05,
η²=.14]. Regarding the effects of medication, patients
using analgesics showed a stronger DBP response to ice-
s expressed in absolute units (ms2)

ols

ine Warn water Recovery F P

315 630±519 857±827 7.26 b.01
240 316±450 271±213 8.63 b.005
125 204±174 314±303 2.95 .09
161 200±204 273±273 13.57 b.001
1.24 1.79±1.43 1.77±1.33 7.15 b.01

image of Fig. 5


Table 3
Means±S.D. of the number of baroreflex sequences as a function of group and experimental period

Baseline Warm water Ice-water Recovery

No. of sequences FMS group 51.51±36.25 20.22±10.88 10.25±8.90 13.03±9.18
Control group 54.42±36.21 19.91±12.59 11.61±8.26 10.96±5.05
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water stimulation [interaction effect: F(3,32)=2.94, Pb.05,
η²=.22], and patients using opiates displayed a higher LF/HF
ratio [F(1,33)=4.05, P=.05, η²=.11] than patients not
respectively using these medications.

When FMS patients without depression were compared
with the control sample, the above described group
differences were no longer significant [F(1,44)=.32, P=.77,
η²=.01, for RRI; F(1,44)=2.04, P=.16, η²=.05, for SBP; F(1,
44)=.00, P=.95, η²=.00, for SV; F(1, 44)=.07, P=.79,
η²=.00, for CI; and F(1, 44)=.63, P=.43, η²=.02, for SPD].
In the same way, when FMS patients without anxiety were
compared with the control sample, no differences were
observed in DBP [F(1,47)=2.37, P=.13, η²=.05]. Finally,
when FMS patients not using analgesics were compared with
the control sample, the interaction effect previously found in
DBP was no longer significant [F(3,40)=1.96, P=.14,
η²=.13], and when FMS patients not using opiates were
compared with the control sample, the group difference in
LF/HF disappeared [F(1,46)=1.87, P=.17, η²=.04].

Pain indices

The Figs. 8 and 9 display the pain indices for both groups.
In the FMS group pain threshold [F(1,62)=25.64, Pb.01]
and tolerance [F(1,62)=15.51, Pb.01] were significantly
lower, and the VAS ratings on pain intensity [F(1,62)=21.53,
Pb.01] and unpleasantness [F(1,62)=19.87, Pb.01] were
higher. Neither depression nor anxiety was found to affect
pain indices in the FMS sample (all PsN.07). The same held
true for medication (all PsN.1).

Prediction of pain indices by cardiovascular parameters

In the regression analyses conducted for the entire
sample, a higher number of baroreflex sequences per minute
Fig. 6. BRS during the four experimental periods (same symbols as in
previous figures).
predicted higher pain tolerance (β=.31, t=2.52, Pb.01),
while BRS negatively predicted the VAS intensity ratings
(β=−.29, t=−2.39, Pb.05). SBP was positively associated
with pain threshold, the significance of β however reached
only the 10% level (β=.22, t=1.77, P=.08). In the FMS
group, BRS negatively predicted the VAS intensity ratings
(β=−.43, t=-2.77, Pb.01). The number of baroreflex
sequences per minute was marginally positively related to
pain tolerance (β=.30, t=1.80, P=.08). The number of reflex
sequences per minute was positively related to pain tolerance
in the control group (β=.44, t=2.45, Pb.05). The remaining
regression analyses did not yield significant results.

Discussion

The study revealed evidence of reduced pain threshold
and tolerance as well as increased subjective pain
experience during cold pressor stimulation in patients
with fibromyalgia. This is in line with former reports on
exaggerated sensitivity to other types of painful stimula-
tion. For instance, reduced threshold and tolerance to
pressure induced pain were repeatedly observed in
fibromyalgia [39,40]. Sensitivity to electrocutaneous [41]
and heat stimulation [42] was also shown to be increased.
The occurrence of enhanced subjective and behavioral
responses to experimental pain in addition to clinical pain
experience underlines the role of the central nervous
system in the pathogenesis of fibromyalgia, i.e., sensitiza-
tion of central nociceptive pathways and deficient pain
inhibition, which potentiate pain processing [2,3].

Our findings, furthermore, support the claim of aberrant
autonomic cardiovascular regulation in fibromyalgia. Com-
pared to healthy participants, patients displayed lower RRI,
SV, CI, HRV, and BRS under resting conditions. Reduced
baroreflex functioning may be involved in the repeatedly
Fig. 7. Slope of the SBP ramps during the four experimental periods (same
symbols as in previous figures).

image of Fig. 6
image of Fig. 7


Table 4
Differences related to comorbid emotional disorders and medication use in the fibromyalgia group (mean±SD)

Baseline Warn Ice Recovery Baseline Warn Ice Recovery

Patients with depression Patients without depression
RRI 731±97 705±94 683±101 730±105 822±127 793±118 774±128 820±129
SBP 121±9 127±10 133±10 121±9 113±12 119±13 125±13 114±15
SV 31±7 31±7 32±6 31±7 36±7 36±7 37±7 37±8
CI 29±11 30±10 31±9 29±10 37±9 37±10 39±10 38±11
SPD 290±284 322±332 260±254 447±317 753±797 467±282

Patients with anxiety disorders Patients without anxiety disorders
DBP 85±7 88±7 93±8 86±6 78±8 82±9 86±10 79±9

Patients using opiates Patients not using opiates
LF/HF 3.44±2.3 3.44±2.2 4.75±3.6 1.97±1.9 2.60±2.49 2.45±1.8

Patients using analgesics Patients not using analgesics
DBP 80±8 84±8 90±9 81±9 81±9 83±10 86±11 81±9

Except in the case of the use of analgesics, where an interaction effect is found, in the rest of variables, the group differences reach the Pb.05 significance level.
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reported lower RRI and HRV in FMS e.g., [18–20,22,28].
The reflex exerts its influence on heart rate through the
vagus nerve, thereby constituting a powerful source of
parasympathetic cardiac control and a main generator of
HRV [12–14,43]. The baroreflex is the main mechanism of
short-term blood pressure regulation, buffering acute
oscillations, which are well known to have a negative
impact on cardiovascular health [44]. Our results suggest
that the baroreflex's capacity to compensate blood pressure
variability is impaired in FMS. Besides the lower BRS, the
markedly enhanced slopes of the SBP ramps at rest and their
greater increase during stress corroborate this result.

The increased LF/HF ratio in FMS patients confirms
previous reports [19,22,23,26]. Former theories viewed LF
power as an estimate of sympathetic cardiac influences [25],
and the LF/HF ratio as an index of sympathovagal balance,
i.e., relative sympathetic contributions to cardiac regulation
[19,23]. On account of this, enhanced sympathetic cardiac
control was hypothesized in FMS [19,22,23,26]. However,
the sympathetic origin of the LF band as well as the
interpretation of the LF/HF ratio as an index of sympatho-
vagal balance is debatable [24]. The assumption of increased
sympathetic cardiac control in FMS is also challenged by our
present findings. Both CI and SV strongly depend on
inotropic β1-adrenergic influences and their reductions in
Fig. 8. Pain threshold and tolerance during ice-water stimulation
(fibromyalgia group in black, control group in white). Bars indicate standard
errors of the mean.
FMS indicate decreased rather than increased cardiac
sympathetic tone. The smaller magnitudes of the stress
induced rises in CI and SV are consistent with the study of
Vaerøy et al. [21] that suggested reduced vasoconstriction
during cold pressor testing in FMS patients. Both findings
are in accordance with the notion of diminished sympathetic
stress reactivity in fibromyalgia [19,26].

The cardiovascular changes during the cold pressor test
indicate increasing sympathetic tone and vagal withdrawal,
thereby corroborating previous studies using the same
procedure in healthy subjects, e.g., [9,45,29]. The aberrant
pattern of autonomic cardiovascular adjustment in FMS, i.e.,
reduced modulations in CI and SV, differed from the
recently observed pattern of adjustment to mental stress
induced by an arithmetic task [28]. The latter study revealed
smaller stress-induced changes in BRS and RRI in FMS, but
no aberrant reactions in myocardial indices. The comparison
of these findings suggests that FMS patients may be
characterized by reduced parasympathetic reactivity (BRS
and RRI) to mental stressors, and lower sympathetic
reactivity to physical stressors, particularly in inotropic
indices (SV, CI). One should, however, bear in mind that the
cardiovascular modulations most certainly did not result
exclusively from nociceptive processing. Apart from pain
induction, the cold pressure test has large direct physiolog-
ical effects including pronounced vasomotor changes [9,45].
Our data do not allow conclusions as to what degree the
Fig. 9. VAS intensity and unpleasantness pain ratings (same symbols as in
Fig. 8).

image of Fig. 8
image of Fig. 9
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changes were part of the autonomic pain response and to
what degree they were due to vasoconstriction directly
induced by the cooling of the skin.

Animal studies have shown that nociceptive stimulation
inhibits baroreflex function via neurokinin-1 receptors
expressed on GABAergic interneurons within the NTS
[46]. In a decerebrate-rat preparation, Pickering et al. [47]
demonstrated that nociceptive stimulation decreased the gain
of the vagal branch of the baroreflex, but was without effect
on its sympathetic branch (both measured through direct
nerve recordings). Microinjection of substance P into the
NTS produced selective attenuation of the vagal baroreflex
gain without effects on the sympathetic branch [47]. It may
be interesting to note that, though weakly correlated to
clinical pain intensity, up to threefold higher substance P
levels have been observed in FMS patients [48]. Higher
levels of substance P, through its action on the NTS, may
contribute to the lower BRS and tachycardia in FMS.

Another relevant finding of the study is the association
between baroreflex function and pain indices. Regression
analyses revealed an inverse relationship between BRS and
the VAS ratings on pain intensity (but not pain unpleasant-
ness) both in the FMS patients and the entire sample,
suggesting that sensorial (but not affective) pain experience
decreases as BRS increases. In the two groups and in the
entire sample, a higher number of baroreflex operations,
expressed by the number of reflex sequences per unit of time,
were associated with increased pain tolerance. Taken
together, these results indicate reduced pain experience in
the case of higher activity of the reflex. This is in line with
the formerly demonstrated inverse association between BRS
and the severity of clinical pain in fibromyalgia [28]. This
result was interpreted in the context of the involvement of the
baroreflex system in ascending pain inhibition [4], the
inverse relationship between BRS and pain intensity
indicating stronger pain inhibition in the case of higher
activity of the system (c.f. 9). The present study demon-
strated that this inverse relationship also arises when pain is
experimentally induced. The fact that the inverse association
between baroreflex function and pain experience arose in
both groups underlines the fact that baroreceptor mediated
pain modulation also occurs in fibromyalgia. However, the
reduced activity of the system may lead to a reduction of the
antinociceptive effect that contributes to the increased pain
sensitivity in the disease.

The pattern of associations may suggest specific relation-
ships between certain aspects of baroreflex function and pain
parameters. Positive associations were found between the
number of baroreflex sequences and pain tolerance, but this
parameter was not related to the VAS ratings. On the
contrary, BRS was inversely associated with VAS ratings on
pain intensity but unrelated to pain threshold, tolerance, and
the ratings on pain unpleasantness. The time-based measures
(threshold and tolerance) and the VAS ratings most certainly
represent different features of the pain response. Pain
threshold and tolerance are more linked to behavioural
aspects, while the intensity ratings relate to the sensory
component of pain and the unpleasantness ratings to the
emotional-cognitive evaluation of the painful stimulus. A
somewhat similar pattern was observed in a study on clinical
pain in FMS [28]. Again, BRS was inversely related to VAS
ratings on clinical pain intensity but unrelated to indices of a
clinical pain inventory. It should not, however, be over-
looked that the observed associations were overall relatively
weak and that further research is certainly required in
this field.

Blood pressure was virtually unrelated to the pain indices,
which contrasts with previous findings of an inverse
association between blood pressure levels and sensitivity to
cold pressor pain [9,29]. As a possible explanation of this
unexpected result, one may take into account that the
samples from the named studies covered a relatively large
blood pressure spectrum, whereas the blood pressure
variance of the present sample was fairly limited.

Alterations in autonomic control have also been observed
in other functional disorders. For instance, there are reports
on blunted responses to mental stress in chronic fatigue
syndrome [49], increased heart rate and decreased BRS in
somatization disorders [50], and alterations in sympathetic
and parasympathetic control in irritable bowel syndrome
[51]. In addition to the overlap between the symptoms of
these disorders and those of FMS, the findings suggest that
they share substantial aspects of autonomic dysfunction.

One limitation of our study, in addition to the relatively
small sample size, is the heterogeneity of the FMS group in
terms of medication use and comorbid emotional disorders.
Most of the patients were using analgesics, antidepressants,
or anxiolytics, which affect autonomic nervous system
activity. However, we have observed significant differences
in only two parameters as a function of medication: Patients
taking analgesics showed a larger DBP stress response, and
patients using opiates displayed an increased LF/HF ratio.
Both depression and anxiety disorders, which may also
affect autonomic control, were prevalent in our FMS
sample. FMS patients diagnosed with depression exhibited
lower RRI, HRV, SV, and CI, as well as higher SBP. The
finding of reduced RRI and HRV is congruent with
previous reports of reduced cardiac vagal tone in depression
[52], while the reduced SV and CI point towards lower
inotropic β1-adrenergic influences. Patients with comorbid
anxiety disorders showed higher DBP, possibly suggesting
increased sympathetic tone related to enhanced levels of
affective distress. Taken together, these results suggest that
psychiatric comorbidity is a relevant source of heterogeneity
in autonomic features of FMS and underline the necessity to
control for its effects in psychophysiological studies. The
relevance of comorbid depression and anxiety is clearly
shown when non-depressed and non-anxious FMS patients
were compared to the control sample. In this analysis, group
differences in RRI, SBP, SV, CI, HRV and DBP were not
significant. This may suggest that the autonomic deviations
are not specific to FMS but, to a certain degree, result from
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the multiple comorbidities present in the disorder. By the
contrary, we did not find differences in pain indices due to
medication or comorbid psychiatric disorders. This contrasts
with our previous study on clinical pain in FMS [28], in
which patients with either comorbid depression or anxiety
disorders displayed higher VAS ratings of pain severity.
This leads to the hypothesis that clinical pain is more
vulnerable to emotional influences than experimentally
evoked pain.

Future studies are needed to evaluate whether the linkage
between baroreflex function and pain experience may be
generalized to other types of nociceptive stimulation and
further conditions of chronic pain such as back pain or
irritable bowel syndrome. If the inverse association can be
replicated, this may enhance the interest in the possible
therapeutic effects of increasing baroreflex function. This
can be achieved with behavioral techniques including
physical exercise [53], breathing training [54], and biofeed-
back [55] as well as with the pharmacological strategies.

In conclusion, the study revealed evidence of increased
sensitivity to cold pain as well as abnormalities in autonomic
cardiovascular regulation in fibromyalgia. In addition to
lower values in sympathetic indices and decreased sensitivity
of the cardiac baroreflex, the patients showed reduced
sympathetic responsiveness to acute physical stress indicat-
ing blunted flexibility of cardiovascular adjustment. Fur-
thermore, an inverse association between the activity of the
cardiac baroreflex and subjective intensity of cold pain
occurred. In light of the reduced BRS in fibromyalgia, the
latter finding suggests deficits in ascending pain inhibition
arising from the cardiovascular system, which possibly
contribute to the hyperalgesia characterizing the disorder.
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