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Abstract

Introduction: Studies have shown hypothalamic-pituitary-adrenal (HPA) dysfunction in fibromyalgia, particularly when associated with depression or anxiety.
Although research has demonstrated a close relationship between fibromyalgia and somatoform disorder, there is as yet no literature on how this association affects
HPA activity in fibromyalgia. We set out to investigate the influence of somatoform dimensions on HPA activity using nocebo and cold pressure test (CPT) stimuli.

Method: HPA activity was compared in fibromyalgia patients (n. 20 females) and pain-free controls (n. 14 females) using a one-way between-subjects design. Blood
samples were taken at 10:00-10:30 am on the tenth day after the start of menstruation in both groups, and on two consecutive days thereafter, to measure levels of
cortisol and ACTH. Nocebo testing and CPT were performed in both groups 30 minutes before this procedure on days 2 and 3, respectively. The Somatosensory
Amplification Scale (SSAS), Illness Behaviour Questionnaire, and Somatoform Dissociation Questionnaire 20 were used to investigate somatoform dimensions.

Results and conclusions: Fibromyalgia subjects showed a statistically significant blunted cortisol variation after these three stressful stimuli, as compared to controls

(F=4.41 p=0.03), a difference that was correlated with increased Somatosensory Amplification (F=6.77; p=0.01).

Introduction

Fibromyalgia (FM) often accompanies multiple chronic functional
symptoms like pain, fatigue, sleep disorders, and irritable bowel
syndrome [1]. This spectrum of illness might best be characterized as
a condition of generalized sensory amplification of bodily experiences,
generally, but not limited to, painful complaints. Although some
literature suggests that the presence of numerous comorbid physical
symptoms among persons with FM is suggestive of somatisation
disorder [2], others propose that they may share underlying pathogenic
mechanisms [3,4].

Interestingly, a tendency towards somatic amplification has been
linked to a higher incidence of reported adverse side effects of drugs
(nocebo effects) [5], and a systematic review has documented high levels
of nocebo effects in pharmacological trials conducted on fibromyalgic
subjects [6]. Furthermore, altered hypothalamic-pituitary-adrenal
(HPA) axis function has been associated with both widespread pain
and fibromyalgia [7,8] and patients with FM have been reported to
exhibit HPA axis hypoactivity, with reduced basal plasma cortisol,
decreased 24-h urinary free cortisol excretion [8-10], and blunted
responses to cortisol-releasing hormone (CRH) [11], hypoglycemic-
hyperinsulinemic clamp [12], and interleukin-6 [13]. However, other
authors have shown an increased level of cortisol overall, flattened
diurnal cycles of cortisol, and a reduction of cortisol reactivity to acute
stress in subjects with FM and rheumatoid arthritis (RA), as compared
to healthy subjects [14].
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Experiments to investigate the relationship between HPA activity
and pain have shown that the former increases after the induction of
experimental pain via both true and false (nocebo) pain stimuli [15],
and that the HPA axis may be more hyperactive after nocebo than
ischemic pain stimulation. In order to shed more light on the issue,
we set out to investigate how abnormal illness behaviour and somatic
amplification affect HPA function after the application of sham and
true pain stimuli in patients with FM and pain-free controls.

Methods
Design

A one-way between-subjects design was used to compare
fibromyalgia patients and currently pain-free controls in terms of HPA
activity. The study was conducted in accordance with the Helsinki
Declaration, and all procedures were approved by the local Ethics
Committee (n.1413/2002). All subjects provided informed written
consent prior to their inclusion, and no subject who agreed to enrol in
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the study received any payment.

Blood samples — one for cortisol and one for ACTH - were taken
using a butterfly needle and single catheter for 3 consecutive days (3
sessions). The adapter was equipped with a synthetic rubber-coated
needle in order to prevent leakage of blood during the tube change in
the course of sampling.

Session 1 (baseline) was conducted ten days after the start of
menstruation. A blood sample was taken from each subject (both
groups) at 10:00-10:30 am, and then a one-hour psychological
assessment was carried out. Session 2 was performed one day after the
first session, and subjects from both groups were exposed to a sham
pain stimulus (nocebo test). A blood sample was then taken between
10:00 and 10:30 am, roughly 30 minutes after the sham pain was
administered. The final session, Session 3, was conducted one day after
the second session, and subjects from both groups were subjected to the
cold pressure test. A blood sample was then taken between 10:00 and
10:30 am, roughly 30 minutes after the pain stimulus was administered.

All sessions were considered as stressful, as even the first baseline
measurement involved blood being taken, likely to cause a certain
degree of stress in the unaccustomed participant. In the nocebo
paradigm, the stressor was the uncertainty and expectation of a painful
stimulation, and the nocebo session was conducted before the cold
pain session to prevent a pain-conditioning response [16]. The true
painful stimulation, cold pressure pain, is associated with a systemic
sympathetic activation due to the release of catecholamine [17], and
sympathetic activation is the first important mediator of stress [18].

Exclusion criteria: Subjects were excluded if blood samples were
taken less than three hours or more than four hours after getting out of
bed in each session. Any life-altering events or any changes in normal
daily activity during the three-day experiment were also cause for
exclusion.

FM subjects were excluded if they exhibited an increase in
inflammatory factors (i.e., ESR, CRP, RF, fibrinogen), a variation in
protein electrophoresis, or ANA or ENA positivity.

Sample

Participants with FM were recruited from the Pain Therapy Unit
of Santa Chiara Hospital, Pisa, Italy. All patients reported at least a
6-month history of widespread pain, and all met the American College
of Rheumatology (ACR) criteria for the diagnosis of primary FM [19].
Patients with FM had laboratory values that were not consistent with
an inflammatory process, tested negative for rheumatic disease, and
showed no radiological evidence of a cause for their pain.

The control group was recruited from among the students at the
University of Pisa. These subjects had been pain free for at least one
year, as ascertained by a structured interview regarding their medical
history.

All participants included in this study were female (aged 20-45
years) with a regular menstrual cycle. No participants were taking
any drug treatments for disease (including pain syndromes), or the
contraceptive pill. Subjects were excluded if they had any organic
disease (diabetes, cardiac disease, hormonal dysfunction, or hepatic or
renal disease).

A structured interview was used to collect demographic and
familial data, life events, daily and social activities, as well as their
lifetime medical conditions.
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Blood sampling

ACTH: Blood was collected by a venipuncture, avoiding haemolysis,
and samples were transported in iced EDTA tubes (vacutainer system),
and immersed in an ice bath until separation by controlled temperature
centrifuge in max. 30 minutes. After separation, the plasma was
processed or frozen immediately. Principle of the analytical procedure:
ACTH is assayed by 2-step immunometric chemiluminescent method
with washing in an automated analytical system (IMMULITE 2000,
Siemens DPC).

Cortisol: Blood was collected by venipuncture, avoiding haemolysis,
and samples were transported in a vacutainer and centrifuged for 30
minutes in a controlled temperature centrifuge.

Principle of the analytical procedure: cortisol was assayed by a
competitive immunometric method using polarized fluorescence
(FPIA method) in an automated analytical system (AxSYM, Abbott).

The temperature of the centrifugation was 4 - 8°C.

EDTA was used as an anti-coagulant in samples scheduled for
ACTH testing, while activating powder was used in cortisol-testing
samples.

Psychophysical experiments

Sham pain stimulation (nocebo test): The experimental design
used was a modified version of the paradigm described by Bayer et al.
[20,21]. The testing room contained an electronic instrument (sham
stimulator) located under a computer to create a stressful setting. Two
electrodes were connected to the sham stimulator and attached to
the subject supraorbitally and bilaterally. Subjects were told that they
would receive an undetectable electrical current that increased in a
stepwise fashion, and that the current was “safe but often painful”. For
each step in current, patients were asked to measure the intensity of
pain by pressing a number on the keyboard of the computer.

Five steps, for a total time of 20 min, were foreseen in the
experimental setting. Each sham pain stimulus was accompanied by
auditory and visual signals, provided by a computer program designed
by a collaborator from the National Research Center (CNR). Each
step included six subsets in which visual and acoustical signals were
administered via the computer monitor.

The experimenter (AC) introduced the expectation of an increase in
the intensity of the (sham) pain stimulus by 1) turning the instrument’s
handle, 2) increasing the acoustic intensity of the signal, and 3) saying
the phrase: “We are increasing the intensity of the electric current”. At
each step the signal was increased by 10 Hz, from 110 Hz to 160 Hz.

All subjects were instructed to use a mouse to control a pointer on
a pain indicator (VAS) displaying easily legible settings between 0 and
15. No pain corresponded to a value of 0. Pain was to be rated at 10
when aspirin or other medication would be required for similar pain
(analgesic threshold). Unbearable pain corresponded to a score of 15.
The total score for each step was taken as the sum of the pain scores
given for each of the six subsets.

The pain intensity score reported for each step was taken as the
pain rating. As no painful stimulus was administered by the sham
stimulator, an increase in the pain rating along the steps was taken as
conditioned pain (nocebo response).

Cold pressure test: The non-dominant limb was immersed in very
cold water (-0.5-2°C) for a maximum of 240 secs, after temperature
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standardization via limb immersion in water at body temperature (37
+ 0.5°C) for 240 secs. The pain threshold was identified as the time
from the immersion of the limb in the cold water until the first pain
sensation, and the pain tolerance as the time from the immersion of the
limb in the cold water until the limb was retracted due to intolerable
pain [22,23].

Psychological evaluation

SSAS (Somatosensory Amplification Scale): Somatosensory
amplification refers to the tendency of an individual to experience
somatic sensations as intense, noxious, and disturbing. Amplification
involves 1) hypervigilance, or heightened attentional focus on bodily
sensation, 2) the tendency to select and focus on certain relatively weak
and infrequent sensations and, 3) a disposition to react to somatic
sensations with affect and cognitions that intensify them and make
them more alarming and disturbing. People with this tendency may
amplify normal physiological sensations (such as peristalsis or fatigue),
the somatic concomitants of affect, and the trivial symptoms of benign
infirmities (such as headache or cramp), as well as the symptoms of
serious medical disease. In this study, somatosensory amplification was
measured using a ten-item self-report SSAS questionnaire. Patients
were asked to indicate how much each symptom had bothered them in
the preceding 24 hrs using a 5-point scale, with responses ranging from
“notat all” to “extremely”. A higher global SSAS score indicates greater
symptom amplification [24,25].

SDQ-20: The Somatoform Dissociation Questionnaire is a 20-
item self-report tool, developed by Nijenhuis et al. [26] that is used
to measure the intensity of somatoform dissociation. Nijenhuis
[27] introduced the term “somatoform dissociation” to designate
dissociative symptoms that involve the body and cannot be explained
by organic disturbances. Dissociation is a characteristic psychological
process related to several disorders, including dissociative disorders
(fugue, amnesia and dissociative identity disorders), somatisation
disorder (somatisation and conversion disorders), and post-traumatic
stress disorder [28].

IBQ: The IBQ (Illness Behaviour Questionnaire, Pilowsky and
Spence 1983) investigates abnormal illness behaviour (AIB) by means
of scores on 7 scales [29]. Scale 1: General Hypochondriasis: high scores
indicate a phobic, anxious concern about health, with some insight.
Scale 2: Disease Conviction: high scores indicate a preoccupation
with symptoms and the belief that a disease is present, as well as
non-response to medical reassurance. Scale 3: Psychological versus
Somatic Perception of illness: high scores indicate a perception of the
illness in psychological terms, while a low score suggests a tendency to
somatise. Scale 4: Affective Inhibition: high scores indicate difficulty
in communication of personal, especially negative, feelings to others.
Scale 5: Affective Disturbance: high scores indicate the presence of
anxiety and depression. Scale 6: Denial: high scores suggest a tendency
to deny current life distress and to attribute all problems to physical
illness. A low score indicates the presence of life stress not attributed to
physical illness. Scale 7: irritability: high scores indicate friction in an
interpersonal context.

Statistical analysis

The data were analysed using Statview Software 5.0 from SAS Data
Management. After application of Kolmogorov-Smirnov test, which
provides details about the Gaussian distribution of data, t test analysis
for unpaired group was applied to compare fibromyalgic to control
group. Because the experimental design involved both between- and
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within-subjects design, statistical analysis was performed applying the
ANOVA for repeated measures analysis to compare nocebo, cortisol
and ACTH sessions differences between groups. The difference between
groups of amount of total variation (A) of nocebo pain perception
during steps, and cortisol and ACTH during sessions was analysed
with ANOVA and investigated the variability related to psychological
dimensions with ANCOVA analysis. Data are presented as mean (+sd),
and the level of significance was taken as p<0.05.

Results

Demographic and clinical features

Twenty FM patients and 14 pain-free subjects participated in this
study. A total of 37 subjects were selected initially, but the onset of sleep
disorders and life events in the experimental period necessitated the
exclusion of 3 subjects (2 pain and 1 pain free).

The two groups differed by education (Table 1). In particular, the
FM group had a lower level of education than the pain-free control
group. According to the IBQ scores, fibromyalgic subjects showed
more Disease Conviction and Affective Disturbance than the control
group (Table 1).

Pain perception

Although no differences were found between groups in the pain
perception (VAS) evoked by the nocebo stimulus at each step (Table 1),
fibromyalgic subjects showed higher increased pain perception during
nocebo pain induction with respect to pain-free subjects (Figure 1).
The total increase in pain perception during nocebo testing was higher
in subjects with fibromyalgia with respect to healthy controls (Table

Table 1. Mean scoring and differences between groups of investigated variables.

Fibromyalgia | Control (n.14) t value p
(n. 20)

xM sD xM sD
Age 3210  5.44 2857 | 552 1.84 | 0.07
Education (years) 10.90 | 4.68 1442 | 2.34 | 2.59 0.01
Onset of FM (months) 52.55 | 25.57
Body Mass Index (BMI) 22.53 | 2.58 | 2225 | 277 @ 030 0.76
SSAS 1745 6.81 | 1492 | 501 117 024
Hypochondriasis 2.95 1.82 1.92 1.68 | 1.65 0.10
Disease Convinction 3.60 1.53 1.21 | 0.89 @ 521 «0.0001
Psycho/Somat Focusing 2.25 1.37 2.14 | 1.09 | 0.24 0.81
Affective Inhibition 2.35 1.63 185 | 1.56 088 | 0.38
Affective Disturbance 3.80 1.19 1.71 1.63 | 429 | 0.0002
Denial 2.85 1.69 192 | 1.14 176 @ 0.08
Irritability 3.00 1.48 250 | 1.65 | 092 @ 0.36
SDQ 4.00 3.96 261 | 232 113 0.26
Threshold 17.09  17.44 1583 | 11.43 029 @ 0.81
Tolerance 51.20 | 4031  62.68 36.56 084 @ 0.40
nocebo (VAS) step 1 4.15 8.31 228 | 5.07 | 0.74 0.46

step 2 7.00 1099 385 | 5.69 | 0.17 0.33
step 3 10.75 | 1431 | 414 553 | 1.63 0.11
step 4 13.85  16.83 | 7.92 | 7.81 | 122 0.23
step 5 16.65 | 20.34 | 11.64 13.46 | 0.80 0.42
baseline 11.26 = 4.15 | 13.54 | 856  1.03 0.30
nocebo = 1128 = 644 | 1623 | 1528 1.29 0.20
cold 9.97 5.67 1424 1290 128 0.20
baseline  10.09 = 4.08 | 11.80 @ 439 @ 1.15 0.25
nocebo = 15.01 = 18.01 | 12.07 | 6.37 @ 0.56 0.57
cold 10.50 | 4.19 9.62 | 3.60 | 0.67 0.53

cortisol (mcg/dl)

ACTH (pg/ml)

t: t test analysis
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Figure 1. Nocebo paradigm. Five steps, for a total time of 20 min, were foreseen in the
experimental setting. Each step comprised six subsets in which visual and acoustical signals
were administered via a computer monitor. Both groups showed a greater increase in the
perception of pain due sham stimuli.

Table 2. Variation of nocebo, cortisol and ACTH between groups.

Fibromyalgia Control
count xM sD count xM sD F p
A Nocebo 100 10.48~ | 15.17 70 597 | 8.60 | 5.04 0.02
A Cortisol 60 10.85¢ | 5.44 42 14.66 | 12.29 | 4.41 | 0.03
AACTH 60 1195 | 11.22 42 11.14 | 489 | 0.18 ns

ANOVA analysis: * ANCOVA Analysis (A Nocebo as dependent variable) differences
between groups: Affective Disturbance (covariate) F=17.85; p<0.0001; # ANCOVA
Analysis (A cortisol as dependent variable) difference between groups: SSAS (covariate)
F=6.77, p=0.01.

2). When we have used the variation (A) of Nocebo as a dependent
variable, the ANCOVA analysis revealed some different influences of
somatisation dimensions (covariates). We showed a difference between
groups in the influence of the Affective Disturbance of IBQ on nocebo
response (F=17.85; p<0.0001) (Table 2).

Influences between variables

No differences were found in the cold pain threshold and tolerance
or the induction of the nocebo stimulus between groups. No differences
were found in the SSAS, SDQ-20 and IBQ dimensions between the FM
and pain-free control groups (Table 1). ANCOVA analysis showed
no influence of age on the variations (A) in nocebo response blood
cortisol concentration among sessions or blood ACTH concentration
among sessions. However, when we used the variation (A) of cortisol or
ACTH (during the 3 sessions) as a dependent variable, the ANCOVA
analysis revealed some different influences of somatisation dimensions
(covariates). The variation of cortisol was shown to be different
between the two groups in the presence of an increase of SSAS. The
ANCOVA analysis (using A cortisol as the dependent variable) showed
a difference between groups in the presence of high levels of SSAS
scores (covariate) F=6.77; p=0.01) (Table 2).

HPA function

No differences were found between the FM and control groups in
the blood concentration of either cortisol or ACTH at any session (Table
1). However, statistically significantly less variation (A) was found in
the plasma concentrations of cortisol after the three stressor stimuli
in the FM group with respect to controls (Figure 2). In particular, the
fibromyalgic group, showed a reduced cortisol increase with a blunted
cortisol response to three different stressful stimuli (A) with respect
to the pain-free control group (Table 2). Furthermore, fibromyalgic
subjects showed increased levels of blood ACTH after nocebo and cold
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stimuli, as compared to the control group, although the difference in
the variation (A) was not statistically significant (Figure 3 and Table 2).

Discussion

Widespread pain is an essential, but not the only criterion, for the
diagnosis of FM. According to the American College of Radiology
(ACR) criteria [19] atleast 11 tender points are needed for a diagnosis of
FM, but new criteria for fibromyalgia have been recently proposed [29].
Indeed, a cross-sectional population study [30] reported a relationship
between alterations in HPA function and widespread pain. However,
studies exploring the HPA axis in FM have found no clear relationship
between the presence of FM and HPA dysfunction [31-33].

We have previously indicated that widespread pain could be
associated not only with FM, but also with “masked depression”
[32,34], and we set to explore this potential link further. Hence, unlike
the great majority of studies in the literature, which rely on daily
monitoring of cortisol secretion, we investigated HPA activity after the
application acute stressful stimuli, which we considered a good method
of exploring the rigidity of the axis which is expressed in the lack of
different response (or blunted) to several stressful stimuli (A).

Investigating the response of the HPA axis to stressful stimuli, the
only differences we observed between patients with FM and pain-free
control subjects was the variation of blood cortisol after all three stressful
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Figure 2. Venipuncture was performed at the same time (10.00-10.30 am) on three
consecutive days, and blood samples showed a non-statistically significant blunted cortisol
variation in response to the different stimuli in fibromyalgic with respect to pain free
subjects. ANOVA for repeated measures.
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Figure 3. Venipuncture was performed at the same time (10.00-10.30 am) on three
consecutive days, and blood samples showed a non-statistically significant variation of
ACTH in response to the different stimuli in fibromyalgic with respect to pain free subjects.
ANOVA repeated measures.
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conditions (unfamiliar blood test, sham and true pain). Specifically, the
FM group showed a smaller variation in cortisol concentration after
stressful stimuli, perhaps indicating HPA axis inflexibility in subjects
with FM.

However, the fact that we found no statistically significant
differences in the variation of blood ACTH between the two groups
makes this evidence hard to explain. Nevertheless, some reports have
suggest a non-linear relationship between measures of plasma ACTH
and blood cortisol [35], and in our FM group the HPA response to
three stressful stimuli was expressed in terms of higher levels of ACTH
corresponding with lower levels of cortisol with respect to controls.
Our cortisol findings were statistically significant when compared to
analogous measurements taken in the control group (Table 2), and
confirm previous studies indicating HPA axis activity dissociation in
FM [4,5,9-11,36,37]. In particular, and in accordance with a previous
study [36], our results suggest dissociation between the hypothalamic-
pituitary and adrenal gland axes.

Considering the normal flexibility of HPA system responsiveness,
which may produce different blood cortisol and ACTH responses to
different stimuli, the blunted response of cortisol seen consistently in the
FM group across our experimental sessions would seem to indicate that
their HPA activity is compromised by an overstressed system. However
the dissociation between ACTH and cortisol plasma concentrations
found in our experimental setting, i.e., fibromyalgic subjects showing
lower variability in cortisol but higher variability in ACTH than control
subjects after three different stressor stimuli, would seem to suggest, as
reported by other authors [10,11], some adrenal resistance to ACTH
stimulation, which is expressed as a downregulation of ACTH receptors
on the adrenal cortex. As previously suggested by other authors [37],
this blunted response of the adrenal cortex to ACTH activation after
application of pain stimuli could be a function of the adaptive response
of the adrenal gland.

Several factors, including depression and anxiety, have been
suggested as reasons for HPA axis activity dissociation [38], and several
studies have shown a close relationship between somatoform disorders
(in which physical symptoms are produced by the mind rather than
any identifiable organic cause) and FM. However, there have been
very few attempts (if any) to explore the potential relationships
between somatosensory amplification and abnormal illness behaviour
- both fundamental dimensions of somatoform disorders - and HPA
function in fibromyalgic subjects. In fact, to our knowledge, this is one
of the first studies to address how the perception of a painful stimulus
produced by the mind (sham) can impact on the stress system with
respect to a real stimulus in FM.

In our FM group, the HPA axis appeared to respond to stressful
stimuli with a lesser secretion of cortisol than that seen in controls.
Our results showed that in the FM group, the blunted response to these
three stressful stimuli, increases in the presence of high level of SSAS
(Table 2).

The blunted cortisol response seen overall in FM was found to be
associated with higher scores for SSAS, potentially indicating a role for
somatoform dimensions in HPA dysfunction. Our results also suggest
that the greater nocebo response seen in subjects with fibromyalgia
may be linked to the Affective Disturbance criteria of AIB (Table 2).

Somatosensory amplification is a transversal dimension that may
be present in several psychiatric disorders, not only in somatisation
disorder [39-41]. Although we found no absolute differences in
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somatosensory amplification between the FM and control groups, we
did note that in the former this dimension was potentially correlated
with the lesser variation of HPA activity in response to stress. This
supports the assumption that in female subjects an amplifying somatic
style may induce a greater susceptibility to stress [42], which is
manifested through somatic complaints.

That being said, there are several limitations to our study. In
particular, we did not take pre- and post-test blood samples in the
respective sessions. However, the fixed time interval between getting
out of bed and testing, and the exclusion of subjects with life-altering
events or changes in normal daily activity resulted in a relatively
controlled design, taking into account the diurnal rhythm of HPA axis
activity.

Another limitation of our study was the small number of subjects
investigated, which may be responsible for the large variation observed
in our report. Nevertheless, as far as we know there has been no larger
HPA axis study conducted on FM patients assuming the ACR criteria
[19] to confirm the findings reported by McBeth [30], and therefore
our results may be of interest. Moreover, our study is one of the first to
investigate the respective influences of sham and true pain stimulation
on HPA function in fibromyalgic subjects.

Conclusions

As previously reported [6], our FM subjects exhibited the nocebo
phenomenon after sham pain stimulation to a greater extent than
pain-free controls (Figure 1). This may be linked to the higher affective
disturbance scores that we found in FM subjects (Table 1) having
different effects on the nocebo response (Table 2). Furthermore,
a blunted cortisol response (Figure 2) was found in the FM group
compared pain free control group (Table 2) and not statistically
significant increase in blood concentrations of ACTH after stressful
stimuli in FM subjects with respect to controls (Figure 3 and Table
2), confirming previous reports of a dissociation of HPA activity
in FM [10,11]. Our FM subjects showed higher association between
somatosensory amplification and cortisol blunted response to several
stressful stimuli (Table 2) that is an expression of HPA axis alteration
in the presence of somatisation.
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