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Abstract
Objective
Hypothalamic-pituitary-adrenal (HPA) axis dysfunction may play a role in fibromyalgia (FM)
pathogenesis, but remains understudied in this disorder. Furthermore, early childhood adversities
(ECA) are common in FM, but whether they moderate stress reactivity is unknown. Hence, we
investigated cortisol and subjective responses to acute psychosocial stress in FM and controls, while
adjusting for ECA.

Methods
Twenty-seven female FM patients and 24 age-matched female controls were recruited in a tertiary care
center and through advertisements, respectively. The Childhood Trauma Questionnaire was used to
measure ECA history. Salivary cortisol levels and subjective stress ratings were measured at multiple
time points before and after the Trier Social Stress Test (TSST) was administered.

Results
Significant main effects of group [F(1,43)=7.04, p=0.011, lower in FM] and ECA [F(1,43)=5.18,
p=0.028, higher in participants with ECA] were found for cortisol responses. When excluding controls
with ECA (n=5), a significant group-by-time interaction was found [F(6,39)=2.60, p=0.032], driven by
a blunted response to the stressor in FM compared with controls (p=0.037). For subjective stress
responses, a significant main effect of group [F(1,45)=10.69, p=0.002, higher in FM] and a trend
towards a group-by-time interaction effect [F(6,45)=2.05, p=0.078, higher in FM 30 minutes before
and 30 and 75 minutes after the TSST, and impaired recovery (difference immediately after – 30
minutes after the TSST) in FM] were found.

Conclusions
Blunted cortisol responsivity to the TSST was observed in FM patients compared with controls
without ECA. FM patients had higher subjective stress levels compared with controls, particularly at
baseline and during recovery from the TSST. In FM patients, ECA history was not associated with
cortisol or subjective stress levels, or with responsivity to the TSST. Future research should investigate
the mechanisms underlying HPA axis dysregulation in FM.

Keywords: TSST, stress reactivity, cortisol, early childhood adversity, fibromyalgia
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Abbreviations
HPA: hypothalamic-pituitary-adrenal
FM: fibromyalgia
ECA: early childhood adversities
TSST: Trier Social Stress Test
ACR: American College of Rheumatology
FSS: functional somatic syndromes
CFS: chronic fatigue syndrome
IBS: irritable bowel syndrome
DSM-IV: Diagnostic and Statistical Manual of Mental Disorders, fourth edition
MINI: Mini-International Neuropsychiatric Interview
PTSD-ZIL: Zelfinventarisatielijst Posttraumatische Stressstoornis
CTQ-SF: Childhood Trauma Questionnaire – short form
T0: baseline measure
T1: pre-TSST measure
T2: immediate after-TSST measure
T3: measure 10 minutes after TSST
T4: measure 20 minutes after TSST
T5: measure 30 minutes after TSST
T6: measure 75 minutes after TSST
SEM: standard error of the mean
PTSD: posttraumatic stress disorder
AUCg: area under the curve with respect to the ground
AUCi: area under the curve with respect to increase
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BMI: body mass index
ACTH: adrenocorticotropic hormone
CRH: corticotropin-releasing hormone
CRF: cerebrospinal fluid corticotropin-releasing factor
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Introduction
Fibromyalgia (FM) patients suffer from chronic pain, often accompanied by other symptoms such as
chronic fatigue, subjective cognitive impairment and sleep disturbances (1, 2). The prevalence of FM
is estimated to be around 3% (2, 3), with a female:male ratio of 9:1 (4, 5). Although new
conceptualizations and criteria of FM have been developed more recently (6), in this study FM was
defined by the 1990 American College of Rheumatology (ACR) criteria, designed for research (1).
According to these criteria, chronic, widespread pain (described in detail by Wolfe et al. (1)) must be
present for at least three months and patients must report pain in at least 11 of 18 specified tender
point sites on digital palpation. Furthermore, FM is often considered part of a spectrum of “functional
somatic syndromes” (FSS) (7) or “central sensitivity syndromes” (8) including chronic fatigue
syndrome (CFS), irritable bowel syndrome (IBS) and functional dyspepsia, among others. These
syndromes show substantial overlap (7). Additionally, the level of emotional distress in these
syndromes seems to be higher than in comparable medical conditions and positively related to the
number of functional complaints (9-11).
FSS may be associated with dysfunction of the cortisol stress response system, i.e., the hypothalamicpituitary-adrenal (HPA) axis (12, 13). A meta-analysis of studies measuring basal cortisol levels found
that female FM patients showed on average mild hypocortisolism compared with female controls.
However, almost a third of the studies in this meta-analysis found hypercortisolism in patients with
FM (12). This heterogeneity may be due to possible moderators of HPA axis function, such as early
childhood adversities (ECA). Furthermore, most studies on HPA axis functioning in FM have almost
exclusively focused on basal cortisol levels. To our knowledge, only one study investigated cortisol
reactivity to a (psychosocial) stressor in FM (14). In this study, FM patients and controls showed
similar salivary cortisol responses to the Trier Social Stress Test (TSST).
Meta-analyses found elevated levels of ECA in FM, with odds ratios in case–control studies ranging
from 1.92 to 3.31 (15-17). However, although ECA has been proposed as a vulnerability factor for
FM, a causal role has not been proven (18). Furthermore, most studies tend to focus selectively on
sexual and physical ECA without taking emotional types of ECA into account. ECA may play a role in
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HPA axis dysregulation found in stress-related disorders in general and in FSS such as FM in
particular (19, 20), based on animal models of early life stress (e.g., maternal separation) (21, 22), as
well as research in maltreated or traumatized children (23, 24), and adults who experienced ECA (2426). Several studies in participants with a history of ECA have revealed disrupted HPA axis reactivity
(24, 27-29). Studies on the association between ECA and HPA axis reactivity in FM are lacking, but in
other FSS, an association was found between ECA and HPA axis responses during the TSST;
however, both decreased and increased responses were found in individuals with ECA (30-32), again
stressing the need for further research.
The aim of this study was therefore to investigate cortisol and subjective stress responses to the TSST
in female FM patients and age-matched controls, while adjusting for history of ECA. We hypothesized
that there would be a reduced HPA axis response in the TSST in FM patients compared with controls,
based on studies suggesting that FM is associated with HPA axis hyporeactivity (33-35). Given that
FM is associated with high levels of subjective stress (36-39), we expected to observe increased levels
of subjective stress in FM patients compared with controls in the TSST.

Methods
Participants
From to 2011 to 2014, 27 consecutive female patients were recruited to the study by physicians
specializing in FM diagnosis and treatment at the department of Physical Medicine and Rehabilitation
and the Centre for Chronic Pain of the University Hospitals Leuven (Belgium). Patients were
diagnosed with FM if they met the 1990 ACR criteria for FM (chronic widespread pain with a
minimal duration of 3 months and at least 11 of 18 specified tender points present) (1) and if they had
no other disorder that would sufficiently explain the widespread pain. Besides a thorough assessment
and physical examination, the following investigations were done: chest X-ray and laboratory testing
with at least a full blood count and measurement of C-reactive protein, creatine kinase and thyroidstimulating hormone (40). We chose to use the 1990 ACR criteria because we believe more recent
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criteria are inherently more subjective (only anamnestic information is gathered and no clinical
examination is required). We are aware that the 1990 ACR criteria were designed for research and not
for diagnostic purposes.
When diagnosing patients, physicians screened patients carefully for other medical conditions that
could explain symptoms or influence the HPA axis. To avoid gender differences as a potentially
confounding factor for the analyses we decided to recruit only female patients. As noted above, the
vast majority of FM patients are women (5). Twenty-five age-matched female controls, recruited via
advertising on the University Hospital’s intranet, were included. Exclusion criteria for both patients
and controls were the use of corticosteroids and benzodiazepines. Controls were healthy: they were
asked not to apply to take part in the study if they were aware of any illness; in addition, controls
could not participate in the study if they reported any illness at the time of the study. Additional
exclusion criteria for controls were the use of corticosteroids or psychotropic medication, or diagnosis
of a psychiatric disorder according to DSM-IV criteria (41) based on the Mini-International
Neuropsychiatric Interview (MINI) (42). FM patients were also screened for psychiatric disorders
using the MINI and all patients filled in the well-validated Post-Traumatic Stress Disorder SelfInventory (PTSD-ZIL) questionnaire. Patients whose pain symptoms were considered secondary to a
psychiatric disorder were excluded.
All participants went through an informed consent procedure before participation. The study was
approved by the Sociaal-maatschappelijke ethische commissie of the University Hospitals of the
University of Leuven and the Medical Ethical Commission of the University Hospitals Leuven.

Questionnaires
Participants completed the Childhood Trauma Questionnaire – short form (CTQ-SF (43)), a wellvalidated 25-item self-report instrument, to measure exposure to ECA (44). The CTQ has been proven
to be a reliable and valid instrument, with good internal consistency (0.63–0.95), criterion-related
validity (0.50–0.75) in clinical and community samples, high convergent validity with therapist
assessments of ECA, and good specificity and sensitivity of cut-off scores to classify participants with
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ECA (43, 44). The CTQ measures five domains of ECA: emotional, physical, and sexual abuse, and
emotional and physical neglect. To identify patients with moderate to severe ECA, we used the
established cut-off scores for each domain (43, 45). Cut-off scores are 13 or higher for emotional
abuse, 10 or higher for physical abuse, 8 or higher for sexual abuse, 15 or higher for emotional
neglect, and 10 or higher for physical neglect. Finally, we created a dichotomous variable reflecting
the presence of significant early childhood adversity (no ECA in any of the five domains versus at
least one ECA in any of the five domains) (43).

Trier Social Stress Test
The TSST is the gold standard laboratory procedure (46) to induce psychosocial stress; it consists of a
public speech (5 minutes) and an arithmetic task (5 minutes) performed in front of an evaluating
audience (two PhDs or MSc students wearing white laboratory coats). Participants have 3 minutes to
prepare the public speech. The TSST produces significant increases in cortisol and other
neuroendocrine stress markers (47-49). Participants were instructed not to eat, drink (other than water)
or smoke for at least 1 hour prior to testing. Salivary cortisol was assessed at baseline (T0),
immediately before the TSST (after a relaxation/waiting period of 30 minutes) (T1), immediately after
the TSST (T2), and 10 (T3), 20 (T4), 30 (T5), and 75 minutes after the TSST (T6) (Figure 1) using
Salivette saliva sampling tubes (Sarstedt, Germany). During the 45 minutes prior to the final
assessment, participants underwent a semi-structured interview on their experiences during the TSST
for qualitative analysis purposes, which will be reported in a separate paper.
Self-reported stress was measured at all time points (T1–T6) using a visual analogue scale, ranging
from 0 (not stressed at all) to 100 (as stressed as I could possibly imagine).

Data analysis
Data were analyzed in SAS 9.4 (SAS Institute, Cary, NC, USA) and are shown as mean ± SEM unless
otherwise stated. A two-tailed p-value <0.05 was considered significant.
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Continuous variables were tested for normality using the Shapiro-Wilk test; logarithmic
transformation was used to normalize the distribution where needed in order to fulfill the assumption
of normally distributed residuals in general linear model or linear mixed model analyses. Because of a
right-tailed skewed distribution of both the cortisol and subjective stress outcome variables, we
transformed both logarithmically, which resulted in normalization of the distribution. Where normality
could not be achieved after transformation, non-parametric statistics were used.
Demographic characteristics were compared between groups using independent samples Student’s ttests (or Kruskal-Wallis tests when appropriate) for continuous variables and Pearson’s χ2-tests (or
Fisher’s exact tests when appropriate) for categorical variables. In case of a significant group
difference on a given demographic variable, the association between this variable and summary
measures for the cortisol and subjective stress response to the TSST was tested using correlation
analysis (for continuous variables) or independent samples Student’s t-tests (for categorical variables).
Three summary measures were calculated for cortisol and subjective stress during the TSST: area
under the curve with respect to the ground (AUCg) as an indicator of total output, area under the curve
with respect to increase (AUCi) as a measure of response to the stressor (50), and the delta peak value
(peak minus baseline) (51). In case of a significant effect of the demographic variable on any of the
summary measures, this demographic variable was included in the respective longitudinal analyses
described below as an adjustment variable. This approach was chosen over adding all potential
confounders as adjustment variables to the models in order to avoid overfitting of the models.
Cortisol and subjective stress levels at each of the 7 time points were log transformed to normalize the
distribution.
To analyze the time course of the cortisol and subjective stress response to the TSST, linear mixed
models were used. “Time” (7 measurement points, numbered T0–T6, see above and Figure 1) was
included as a within-subject categorical independent variable; “group” (FM versus controls) was
included as a between-subject independent variable. The main effect of group and the group-by-time
interaction effect constituted the principal effects of interest. “Presence of ECA” (yes/no) was included
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as a between-subject independent variable to adjust for the putative effect of ECA history on the
outcomes. Marginal models with an unstructured variance-covariance matrix for the repeated
categorical time variable were chosen over linear mixed models with time as a continuous variable
(latent growth curve models with random intercept as well as random linear and quadratic effects of
time) as the former models fitted the data better (both for cortisol and subjective stress as the
dependent variable) based on significantly lower values of Akaike’s Information Criterion.
The group-by-time interaction effect in these models was followed up by a priori planned contrasts
using independent samples Student’s t-tests, with step-down Bonferroni correction for multiple
testing. Groups were compared at T0 (“baseline”), T2 or T3 (immediately or 10 minutes after the
TSST, the “peak” of the subjective respectively cortisol response after the TSST), T5 (30 minutes after
the TSST) and T6 (75 minutes after the TSST). Furthermore, the differences between T0 and T2 or T3
(“response” to the stressor), between T2 or T3 and T5 (“early recovery” from the stressor), and
between T2 or T3 and T6 (“late recovery” from the stressor) were compared between groups.
Possible effects of a history of ECA on the dependent variables (cortisol response and subjective
distress) was further explored in two ways. First, given the fact that ECA may represent a risk factor
for FM, we re-ran the linear mixed model analyses described above excluding the 5 controls with a
positive history of ECA. Second, to explore possible effects of ECA on cortisol and subjective stress
within the FM group, we ran linear mixed models in the FM group only with “time” as the withinsubject independent variable and “presence of ECA” as the between-subject independent variable,
including the time-by-ECA interaction effect.
Finally, we report associations between subjective stress levels at T0, T2 and the change between T0
and T2 on the one hand and cortisol levels at T0, T3 and the change between T0 and T3 on the other,
for FM patients and controls separately.
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Results
Descriptive data
Patients and controls were matched for age; only women were included. One control terminated the
experiment prematurely (immediately after stress induction) and her data were removed from all
further analyses. Furthermore, the saliva tubes of one control and one patient were empty; these data
were removed from the cortisol analyses only. The final study sample therefore included 27 FM
patients and 24 controls for subjective stress analysis, and 26 FM patients and 23 controls for cortisol
analysis.
Demographic and clinical characteristics are shown in Table 1. Twelve FM patients and 5 controls
reported at least one ECA (44% versus 22%, p=.014). Groups differed significantly in terms of body
mass index (BMI), education level, employment status and smoking status. With regard to psychiatric
disorders, 5 patients met the criteria for depression and 2 for posttraumatic stress disorder (PTSD).
The association between education level and cortisol AUCi was marginally significant (higher cortisol
AUCi in participants with higher education) (Kruskal-Wallis test χ²(1)=2.83, p=.092), whereas
smoking was associated with a lower cortisol AUCi (Kruskal-Wallis test χ²(1)=4.03, p=.045). These
two variables were not associated with the other two cortisol summary measures, or with any of the
subjective stress summary measures. BMI correlated negatively with all three cortisol summary
measures (AUCg ρ=–0.42, p=.003; AUCi ρ=–0.27, p=.064; peak ρ=–0.30, p=0.036) but not with any
of the subjective stress summary measures. The multivariable models were adjusted for these three
variables. Depression and antidepressant use were not associated with any of the summary measures
for cortisol or subjective stress.
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Analysis of cortisol and subjective stress responses to the TSST
Cortisol
Comparison of fibromyalgia and controls, adjusted for ECA (Figure 2A)
The main effects of group [F(1,43)=7.04, p=.011, lower average over all time points in FM
(1.25±0.08) versus controls (1.60±0.10)], and time [F(6,43)=12.0, p<.0001] were significant. The
group-by-time interaction effect was not significant [F(6,43)=1.85, p=.11]. However, planned contrast
analyses showed that FM patients had lower cortisol levels at 10 minutes (T3, “peak”), 30 minutes
(T5), and 75 minutes (T6) after the TSST (all p-values <.03), but not at 30 minutes before (T0,
“baseline”) the TSST (p=.37). Furthermore, a trend towards a stronger response to the TSST (increase
from T0 to T3) in controls compared with FM was found (p=.076). The effect of smoking was not
significant [F(1,42)=0.08, p=.78], whereas the effects of education [F(1,42)=5.88, p=.020], log BMI
[F(1,42)=6.75, p=.013] and, interestingly, ECA [F(1,43)=5.18, p=.028, higher average over all time
points in participants with ECA (1.52±0.09) versus participants without ECA (1.32±0.07)], were.
In sum, FM patients had lower cortisol levels compared with controls after, but not before, the
stressor, and showed a trend towards a blunted response to the stressor. Participants (both FM and
controls) with an ECA history had higher cortisol levels compared with participants without ECA.
Comparison of fibromyalgia and controls without ECA (Figure 2B)
The main effect of group [F(1,39)=1.04, p=0.31] was not significant, contrary to the main effect of
time [F(6,39)=9.29, p<.0001] and the group-by-time interaction effect [F(6,39)=2.60, p=.034].
Planned contrast analyses showed that cortisol levels in FM patients did not differ significantly from
those in controls at any of the pre-specified time points (all p-values >.11). However, the response to
the TSST (increase from T0 to T3) was significantly stronger in controls than in FM patients (p=.037);
in contrast, in the “early recovery” (decrease from T3 to T5) (p=.36) and the “late recovery” (decrease
from T3 to T6) (p=.74) there was no difference between controls and FM patients. The effect of
smoking was not significant [F(1,39)=0.30, p=.59], whereas the effects of education [F(1,39)=8.21,
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p=.007] and log BMI [F(1,39)=7.14, p=0.011] were, with higher cortisol levels being recorded in
participants with lower education, and lower levels in participants with higher BMI.
In sum, these results indicate that FM patients showed a blunted cortisol response to the stressor
compared with controls without ECA. The fact that the main effect of group found in these analyses,
which included controls with a history of ECA (n=5), was no longer significant when these controls
were excluded, indicates that the higher cortisol levels in controls found in the above analysis are
driven by this small subgroup of controls with ECA.
Effect of ECA within fibromyalgia (Figure 3)
The main effect of ECA was non-significant [F(1,24)=0.41, p=.53], the main effect of time was
significant [F(6,24)=13.5, p<.0001], and the ECA-by-time interaction effect was non-significant
[F(6,24)=0.74, p=.62]. In sum, FM patients with and without ECA did not differ in terms of cortisol
response to the stressor.
Subjective stress ratings
Comparison of fibromyalgia and controls, adjusted for ECA (Figure 4)
The main effects of group [F(1,45)=10.69, p=.002, higher average over all time points in FM patients
(3.06±0.21) versus controls (1.86±0.30)] and time [F(6,45)=13.70, p<.0001] were significant. The
group-by-time interaction effect showed a trend [F(6,45)=2.05, p=.078]. Planned contrast analyses
showed that FM patients had higher subjective stress levels at 30 minutes before (T0, “baseline”), and
at 30 and 75 minutes after the TSST (all p-values <.02), but not immediately after the TSST (T2,
“peak”) (p=.12). Furthermore, a trend towards a stronger response to the TSST (increase from T0 to
T2) in controls compared with FM patients was found (p=.099), as well as a significantly stronger
early recovery (decrease from T2 to T5) (p=.01) and a trend towards a stronger late recovery (decrease
from T2 to T6) (p=.099). The effects of smoking, education, and log BMI were not significant (all pvalues >.29), and nor was the effect of ECA [F(1,45)=0.28, p=.60].
In sum, FM patients had higher subjective stress levels compared with controls at baseline and at 30
and 75 minutes after the stressor, but not immediately after the stressor. This resulted in a trend
14

towards a blunted subjective stress response (which may be due to a ceiling effect given the
significantly higher baseline) and a significantly impaired recovery among FM patients. ECA history
was not associated with the subjective stress response to the TSST.
Comparison of fibromyalgia patients and controls without ECA (see Supplementary materials
Figure S1)
Except for some minimal numerical differences (slightly higher p-value for the omnibus test of the
interaction effect, slightly lower p-values for planned contrast analyses), the results of the analysis
comparing FM patients with controls without ECA were virtually identical to those of the comparison
with all controls reported in the previous section (data not shown).
Effect of ECA within fibromyalgia (Figure 5)
The main effect of ECA was non-significant [F(1,25)=0.24, p=.63], the main effect of time was
significant [F(6,25)=10.30, p<.0001], and the ECA-by-time interaction effect was non-significant
[F(6,25)=0.41, p=.87]. In sum, FM patients with and without ECA did not differ in terms of subjective
stress response to the TSST.
Correlations between cortisol and subjective stress responses (see Supplementary materials Table
S2)
We investigated the correlations between subjective stress levels at T0, T2 and the change between T0
and T2 on the one hand and cortisol levels at T0, T3 and the change between T0 and T3 on the other,
for FM patients and controls separately. None of these correlations were significant, with the
exception of the correlation between subjective stress on T0 with cortisol levels on T0 (r=.42, p=.045)
and T3 (r=.42, p=.044) in controls.

Discussion
We investigated cortisol and subjective stress responses to the TSST in female FM patients and agematched controls. As expected, we found a blunted cortisol response to an experimental stressor in FM
patients compared with controls, particularly when controls with as history of ECA were excluded
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from the analyses. These findings contrast with those of the only previous study on salivary cortisol
reactivity in FM patients versus controls in response to the TSST (14). In that study, a dissociation was
found between total plasma cortisol and salivary cortisol responsivity in FM patients. FM patients in
the previous study showed reduced cortisol reactivity in plasma total cortisol release, but not in
salivary free cortisol, compared with controls. There were no differences in terms of cortisol baseline
levels between FM and controls. FM patients in the previous study were, as in our study, diagnosed
based on the 1990 ACR criteria but, contrary to our study, they were recruited from local support
groups, general practitioners’ offices and the gynecological department of a general hospital. The FM
patients in our study were recruited from a tertiary care center and may therefore represent more
disabled patients, possibly explaining the discrepancy in the results between the two studies. Future
research is needed to examine this assumption.
Different explanations have been formulated for the cortisol hyporeactivity observed in FM. For
example, a reduced adrenal cortisol response to adrenocorticotropic hormone (ACTH) has been
proposed (52). Decreased adrenocortical sensitivity to ACTH may be attributed to downregulation of
adrenal receptors, but genetic variation and morphological changes of the adrenal gland, such as
atrophy or decreased volume, may also contribute (14). In contrast, undersecretion of corticotropinreleasing hormone (CRH) by the hypothalamus and secondary atrophy of the adrenals due to chronic
understimulation by reduced ACTH levels was proposed as a possible explanation for hypofunction of
the HPA axis in FM in a review on neuroendocrine function in FM (53). Several studies using
dynamic testing (such as the dexamethasone suppression test) have shown an exaggerated ACTH
response but a blunted cortisol response to CRH. Another recent review on the neuroendocrinology of
FM (54) has argued that while ECA may alter HPA axis function, resulting in excessive pain, HPA
axis dysfunction in FM may also be secondary to chronic painful symptoms. Animal studies suggest in
this context that stress can produce local but also widespread hyperalgesia, or can enhance or prolong
the hyperalgesic response to mild noxious stimuli (54). In FM patients, there might be a vicious circle
of pain, disability and stress. ECA may have initially caused pain symptoms in FM, whereas current
disability and pain levels may maintain stress, HPA dysfunction and chronic pain itself.
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A history of ECA was not associated with cortisol responsivity in the TSST in FM patients. This
observation is in contrast with findings from a study reporting that a subgroup of FM patients were
characterized by both a history of ECA and basal hypocortisolism (55). In contrast with that study, we
did not find an association of ECA with baseline cortisol in FM. In a study of patients with CFS,
another FSS (56), only patients with ECA exhibited decreased concentrations of baseline cortisol
compared with controls. Although we did not find an association of ECA with baseline cortisol in FM
patients, it is possible that ECA has an impact on awakening cortisol levels. Furthermore, although we
did not find an association between ECA and saliva cortisol, another study in FM patients (20) found
an association between increased Cerebrospinal fluid Corticotropin-Releasing Factor (CRF) and pain
and between decreased CRF and ECA. Furthermore, we investigated the relationship only with ECA
in general, and not with particular subtypes of ECA. It is possible that, as has been shown in CFS,
emotional types of ECA are associated with the blunted cortisol response (30). Because of the limited
sample size in the present study, we could not investigate this.
We also found higher subjective stress levels in FM patients compared with controls at baseline and
during recovery, but not immediately after the TSST. It is possible that FM patients show a ceiling
effect for subjective stress, i.e., their subjective stress level is already increased at baseline (which may
reflect anticipatory stress), preventing a further increase in response to the TSST to a level that is
significantly different from that of controls. High subjective stress levels in FM patients might be a
consequence of a constant “fight or flight” response mode related to hypervigilance to threat (57).
However, FM patients may be particularly vulnerable to social stress, as it has been shown that FM
patients use fewer positive affective resources and less effective pain coping strategies during social
stress compared with other chronic pain patients (39). In the absence of other studies assessing
subjective distress in the TSST in FM patients, further research is needed in this area. However, even
if replicated, high subjective distress in response to stress might be associated with high pain or
disability levels. Finally, we found no association of a history of ECA with differences in subjective
stress levels or responses. As noted above, however, it is possible that ECA might have been
responsible for increased vulnerability for pain, in part through its associations with maladaptive pain
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coping strategies and high stress levels in FM (58), but is not associated with subjective distress once
FM has fully developed.
Taken together, these results reflect a dissociation between subjective and cortisol responses to stress
in FM. This dissociation has been described in several FSS (58, 59) and might be crucial in
understanding these syndromes (60, 61). More specifically, this finding may suggest a “crash” of the
stress system in FM and is in line with a recent study (62) in which no association was found between
basal cortisol levels and daily life stress in FM.
Furthermore, PTSD (which may represent the impact of ECA) has been shown to be highly prevalent
in FM patients (17) and has been associated with hypocortisolemia (63-65). However, because only
two patients in our FM sample met criteria for PTSD, we could not investigate a possible effect of
PTSD on our outcomes. We consider it highly unlikely that PTSD plays a role in the blunted HPA axis
response in FM in the present study, as our analyses showed very similar results after removing the
two FM participants who met criteria for PTSD (data not shown).
The findings of this study must be considered in the light of its limitations. First, because of the
limited sample size we could not investigate the putative effect of different types of ECA on the stress
response. Second, between T6 and T7 we performed a semi-structured interview, which may have
affected the results at the last time point. Nevertheless, cortisol levels decreased further between these
two time points, demonstrating normal recovery over all participants and rendering the possibility that
the recovery of the stress response was affected by the interview unlikely. Furthermore, in another
TSST study in FM patients, the cortisol peak appeared later (25 minutes after the end of the TSST)
(14) compared with our results (10 minutes after the end of the TSST). Our results are, however,
comparable with results found in abused women in a study by Heim et al. (27), whose protocol we
followed. In that study, the peak appeared 15 minutes after the end of the TSST. Our results are also
comparable with those of a TSST study in IBS patients (66) where the peak was found 7 minutes after
the end of the TSST. Third, results may be influenced by the higher prevalence of depression in FM.
Depression was more or less equally divided over ECA categories (of the 5 patients with depression,
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there were 3 with ECA and 2 without ECA) and not associated with any of the summary measures of
the cortisol and subjective stress response. Nonetheless, we re-ran the analysis without depressed
patients and obtained similar results. Furthermore, adding depression as a covariate to the models (a)
did not affect the effects of the other variables, (b) did not have a significant effect itself on cortisol
and subjective outcome measures, and (c) did not significantly improve model fit. A fourth limitation
concerns the recruitment procedure of controls (i.e., advertisement on the university hospital’s
intranet). It is therefore possible that the control group was not very representative of the general
population. Even though all controls were carefully screened, we investigated the possible influence of
certain factors (e.g. education level) and we did not include participants with any prior contact with the
investigators, our results may require replication with a control group that is more representative of the
general population.
Despite these limitations, this is the first study that investigated subjective and HPA axis responsivity
to a well-validated stressor in FM patients compared with controls while at the same time adjusting for
a history of ECA. The findings of this study provide support for a blunted cortisol response and
increased subjective stress levels in FM patients, independent of a history of ECA. Future research
should investigate the mechanisms underlying HPA axis dysregulation in FM, and the putative
influence of different types of ECA on HPA axis function in FM.
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Figure legends
Figure 1. Protocol of the Trier Social Stress Test (TSST).
Figure 2. Cortisol stress responses of fibromyalgia patients (FM) and control
subjects (CS) on the Trier Social Stress Test (TSST). Figure A. Fibromyalgia
patients (FM) and control subjects (CS) both controlled for early childhood
adversity (ECA). Figure B. Fibromyalgia patients (FM) and control subjects
(CS) without early childhood adversity (ECA). Time points: (0) baseline, (1)
pre-TSST, (2) after-TSST, (3) 10’ after-TSST, (4) 20‘ after-TSST, (5) 30‘ afterTSST and (6) 75‘ after-TSST.
Error bars show standard errors of the mean.

Figure 3. Cortisol stress responses of fibromyalgia patients (FM) with and
without early childhood adversity (ECA) on the Trier Social Stress Test
(TSST). Time points: (0) baseline, (1) pre-TSST, (2) after-TSST, (3) 10’ afterTSST, (4) 20‘ after-TSST, (5) 30‘ after-TSST and (6) 75‘ after-TSST.
Error bars show standard errors of the mean.

Figure 4. Subjective stress responses of fibromyalgia patients (FM) and
control subjects (CS) on the Trier Social Stress Test (TSST). Figure A.
Fibromyalgia patients (FM) and control subjects (CS) both adjusted for
childhood early adversity (ECA). Figure B. Fibromyalgia patients (FM) and
control subjects (CS) without childhood early adversity (ECA). Time points:
(0) baseline, (1) pre-TSST, (2) after-TSST, (3) 10’ after-TSST, (4) 20‘ afterTSST, (5) 30‘ after-TSST and (6) 75‘ after-TSST.
Error bars show standard errors of the mean.
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Figure 5. Subjective stress responses of fibromyalgia patients (FM) with and
without early childhood adversity (ECA) on the Trier Social Stress Test
(TSST). Time points: (0) baseline, (1) pre-TSST, (2) after-TSST, (3) 10’ afterTSST, (4) 20‘ after-TSST, (5) 30‘ after-TSST and (6) 75‘ after-TSST.
Error bars show standard errors of the mean.
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