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Abstract

Background: The main symptoms of fiboromyalgia comprise diffuse pain, disability, depressive symp-
toms, catastrophizing, sleep disruption and fatigue, associated with dysfunction of the descending pain-
modulating system (DPMS).

Objectives: We aimed to identify patterns of main symptoms of fibromyalgia and neuroplasticity bio-
markers (i.e. brain-derived neurotrophic factor (BDNF) and S100B protein) in non-responders to the
conditioned pain modulation task (CPM-task] induced by immersion of hand in cold water (0-1°C). Fur-
thermore, we evaluated if these patterns predict responsiveness to CPM-task.

Methods: This cross-sectional study included 117 women with fibromyalgia ((n=60) non-responders and
(n=57) responders), with age ranging from 30 to 65years old. We analysed changes in numerical pain
scale (NPS-10) during the CPM-task using a standardized protocol.

Results: A hierarchical multivariate logistic regression analysis was used to construct a propensity score-
adjusted index to identify non-responders compared to responders to CPM-task. The following variables were
retained in the models: analgesic use four or more times per week, heat pain threshold (HPT], poor sleep
quality, pain catastrophizing, serum levels of BDNF, number of psychiatric diagnoses and the impact of symp-
toms of fibromyalgia on quality of life. Receiver operator characteristics (ROC) analysis showed non-respond-
ers can be discriminated from responders by a composite index of more frequent symptoms of fibromyalgia
and neuroplasticity markers (area under the curve (AUC)=0.83, sensitivity=100% and specificity=98%).
Conclusion: Patterns of fibromyalgia symptoms and neuroplasticity markers may be helpful to predict
responsiveness to the CPM-task which might help personalize treatment and thereby contribute to the
care of patients with fibromyalgia.
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Introduction

Fibromyalgia is characterized by chronic pain with
symptoms disproportionate to the evidence of tissue
injury or anatomical damage. Although its pathophysi-
ology is not fully elucidated, the most accepted mecha-
nism to evoking pain hypersensitivity in fibromyalgia is
the central sensitization syndrome (CSS).! It encom-
passes the impaired functioning of neurons and cir-
cuits in nociceptive pathways, with an increase in
neuronal excitability and synaptic efficacy and reduced
inhibition.2:3 Preclinical studies showed that astrocytic
and microglial activation triggers the increase in brain-
derived neurotrophic factor (BDNF). It alters the
transmembrane anion gradient by downregulating
K+-Cl- cotransporter 2 (KCC2), which increases in
intracellular Cl—, which leads to changes in GABA-
and glycine-evoked responses from inhibitory to
excitatory.4°

This hyperexcitability pattern is a primary underpin
mechanism of the CSS. It comprises a cluster of symp-
toms, such as psychological distress, sleep distur-
bances, fatigue, pain, allodynia, hyperalgesia and
expansion of the receptive field.”® To identify symp-
toms related to CSS, a screening tool has been used,
which is denominated by Central Sensitization
Inventory (CSI). A higher score on the CSI for chronic
pain was positively associated with the inefficiency of
the descending pain-modulating system (DPMS).°
The disinhibition on DPMS indicates a defective of
DPMS according to a spectrum of responders and
non-responders to conditioned pain modulating
(CPM)-task in different chronic pain conditions.

The S100B protein can be actively released from
glial cells, namely, oligodendrocytes and astroglia in
the human brain.!%!! The glial marker protein S100B
is elevated during major depressive episodes and
decreased following successful treatment.!? While the
neuronal activity regulates the transcription of the
BDNF gene, the transport of BDNF mRNA protein
into dendrites and the secretion of BDNF.!3 According
to an earlier study, we found that serum levels of S100B
were lowest in fibromyalgia than chronic pain condi-
tions with significant structural damage (e.g. osteoar-
thritis and endometriosis). In contrast, serum levels of
BDNF were higher in chronic pain with scarce tissue
damage (e.g. fibromyalgia, chronic tensional headache
and myofascial pain).!* In addition, the dysfunction in
the DPMS was more significant in chronic pain with a
scarce tissue injury (e.g. fibromyalgia) compared to
osteoarthritis. 14

The DPMS can be assessed by the CPM paradigm.
During CPM-task, the nociceptive heterotopic stimuli
activate the descending inhibitory control (DNIC),
and it produces a phenomenon where ‘pain-inhibits
pain’.1516 The neurobiological systems involved in the

CPM-task includes serotoninergic, opioidergic and
noradrenergic systems,!”"1° which are also engaged in
the psychological characteristics of chronic pain (i.e.
anxiety,?02% depression?:23 and pain catastrophiz-
ing).22 This interplay among neurobiological pathways
underpinning to DPMS with the psychological charac-
teristics may explain at least part of the interpersonal
variability in pain perception.?> Although a meta-anal-
ysis tried to expand the repertoire of psychological fac-
tors in CPM response, the authors recognized as major
limitations of their analysis, varied approaches on the
CPM paradigm, the mix of pain conditions with differ-
ent pathophysiology and non-standardized protocols
for diagnosis criteria.?® Thus, it is pertinent to con-
struct a comprehensive and biologically plausible
framework to capture the symptoms and clinical signs
associated with the disruption of the endogenous pain-
inhibitory system.27

Considering the above-mentioned facts, it is reasona-
ble to assess the CPM paradigm according to a spectrum
of responders and non-responders, in integrating per-
spective, to explore the severity of symptoms frequently
found in the fibromyalgia (i.e. pain, disability, depressive
symptoms, pain catastrophizing, sleep disruption,
fatigue, etc.), psychological measures and serum neuro-
plasticity biomarkers (BDNF and S100B protein). Our
study has two specific aims: (1) to construct a framework
that integrates different patterns of symptoms intensity
across fibromyalgia and serum markers of neuroplasti-
city to test the hypothesis that these sets of variables
could predict the dysfunction of DPMS and (2) to evalu-
ate the ability of each marker of neuroplasticity (BDNF
and S100-B-protein) and a composite index that inte-
grates these measures (symptoms of fibromyalgia, HPT,
pain catastrophizing, analgesic use, psychotropic medi-
cations, psychiatric disorders, BDNF and S100-B-
protein) to differentiate non-responders to CPM-task,
compared to responders. The paradigm of CPM was
tested by the change in numerical pain scale (INPS scores
in the range of 0-10), during the quantitative sensory
testing (QST) concurrently with the heterotopic nocice-
ptive stimulus (CPM-task) induced by immersion of
hand in cold water (0—1°C) for 60seconds.

Material and methods
Procedure and participants

The methods and results sections are reported accord-
ing to the Strengthening The Reporting of
OBservational Studies in Epidemiology (STROBE)
guidelines. All subjects provided oral and written
informed consent before participating in this cross-
sectional study. The study followed the guidelines and
regulations for clinical research and was approved by
the Research Ethics Committee at our institution.
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Figure 1. Timeline assessments.

Recruitment, inclusion and exclusion
criteria

All patients were recruited by directly contacting them
from the institutional chronic pain clinic, by referrals
from other clinic units and from a community that is
situated in an urban circumscribed geographic area
that constitutes the catchment area of the Basic Health
Unit linked to the (name of Institurion), which serves a
population of approximately 8000 living nearby.
Recruitment was undertaken in the time from August
2016 to December 2017. Patients were contacted by
phone and answered a screening questionnaire. If they
met the inclusion criteria, they were invited for medi-
cal evaluation, history collection and detailed descrip-
tion of their symptoms. The diagnosis was established
by a board-certified pain specialist to (name of country)
Board with more than 10years of experience in
patients’ pain care. We included only women, because
fibromyalgia is more prevalent in females.?8 Women
aged between 30 and 65years who were able to read
and write and had a confirmed diagnosis of fibromyal-
gia according to the criteria of the American College
of Rheumatology (2010-2016) were included. Pain
score needed to be equal to or greater than six on NPS
0-10 on most days for the last 3 months. We excluded

pregnant women and patients with a history of alcohol
or drug abuse in the last 6 months, neurological dis-
eases, history of decompensated systemic diseases or
any chronic inflammatory disease (e.g. lupus, rheuma-
toid arthritis and Reiter’s syndrome). Furthermore,
we excluded patients with uncompensated hypothy-
roidism or history of cancer.

Instruments and assessments

Dependent and independent variables of main interest.
The dependent variable (outcome) was the ‘score on
NPS (0-10)’ during the CPM classified as non-respond-
ers and responders to CPM-task. The timeline of assess-
ments is presented in Figure 1. The main interest factors
in this study were the following: Brazilian Portuguese
pain catastrophizing scale (BP-PCS), fibromyalgia
impact questionnaire (FIQ), visual analogue pain scale
(VAS), heat pain threshold (HPT), beck depression
inventory II (BDI-II), Pittsburgh sleep quality index
(PSQI), BDNF and S100-B calcium protein.

Psychophysical measures
1. HPT test: This measure uses the method of lim-
its with a computer Peltier-based contact ther-
mode (30 X 30 mm?)2%30 attached to the skin on
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the ventral aspect of the mid-forearm. A com-
puterized version of thermotest (developed by
our group) was used to determine the HPT on
the volar side of the non-dominant forearm.
When heat is set at 32°C, the thermostat is
heated at a rate of 1.0°C/second to a maximum
of 52°C, when the temperature begins to drop.
The HPT is the minimum temperature at which
the stimuli become painful. It was obtained by
the mean of three assessments performed with
an inter-stimuli interval of 40 seconds.?®

2. CPM-task: The sequence of procedures to
determine the DPMS was the following: First,
we used the same computerized version of ther-
motest described above on HPT measures to
define the average of three temperatures by the
QST for patients’ report score 6/10 (NPS,
0-10). The position of the thermode on the
non-dominant forearm was slightly altered
between trials (although it remained on the left
ventral forearm). Second, after 5 minutes, sub-
jects were requested to immerse their dominant
hand up to the wrist into the water at a tempera-
ture of O up to 1°C for 1 minute, and the QST
was introduced after 30 seconds. Thus, the pain
score on NPS (0-10) in the area of the thermot-
est was assessed. Third, the CPM was calcu-
lated by the difference between the pain score
on NPS (0-10) during the cold-water immer-
sion (QST + CPM) at the temperature they set
6/10 on NPS (0-10) during the initial time
(70). Non-responders showed a difference in
the count on NPS (HPT1-HPTO) equal to
zero or higher, and for responders, these values
would be lower than zero.3!

Pain measures, sleep quality, pain catastrophizing,
depressive symptoms, demographic data and medical
comorbidities. All instruments have been validated for
the (name of country) population. Two evaluators with
specific training were responsible for all assessments.

FIQ?2 was used to evaluate the impact of symptoms
on quality of life. The FIQ consists of 10 domains and
items comprising questions to assess the patient’s abil-
ity to perform routine activities of daily living, fatigue,
morning, stiffness, mood, anxiety and depression.
Higher scores indicate worst conditions, and the maxi-
mum score is 100.3233

VAS ranged from no pain (0 mm) to worst pain pos-
sible (100 mm),34 according to participants’ pain score
in most days in the last 3 months.

Analgesic use was defined by an average of analgesic
used per week during the previous month. For data
analysis, analgesic use was included as a dichotomous
variable (the use of analgesics at least four or fewer

days per week or the use for more than 4days per
week). This approach was chosen because patients
with chronic pain rescue analgesic use change each
week, depending on their level of pain.

BP-PCS?* was used to evaluate the pain catastro-
phizing. The BP-PCS is a self-administered question-
naire that consists of 13 items. It is divided into three
dimensions of catastrophizing in response to pain:
rumination, magnification and helplessness.?> The
BP-PCS total score ranges from 0 to 52 points.

BDI was used to evaluate depressive symptoms.3¢

PSQI was used to measure the quality and patterns
of sleep over the last month.37

Standardized questionnaire: a standardized query was
used to assess demographic data and medical comor-
bidities. Patients were requested to provide informa-
tion about their age, sex, level of education, marital
status and lifestyle habits. They also provided informa-
tion about their health status, including clinical and
psychiatric diagnoses, the latter assessed by the Mini-
international Neuropsychiatric Interview (MINI).38

Neuroplasticity state biomarkers [BDNF and S100B). To
assess the neuroplasticity state biomarkers, we evalu-
ated using serum levels of BDNF and S100B collected
in plastic tubes and centrifuged for 10minutes at
4500 r/min at 4°C in a —80°C freezer for further BDNF
assays. All samples were assayed in duplicate to avoid
intra-assay variation. BDNF serum level was analysed
by enzyme-linked immunosorbent assay (ELISA)
using monoclonal antibodies specific for BDNF (R&D
Systems, MN, USA, catalogue number DY248, BDNF
with the lowest detection limit=11.7pg/mL). The
plates were incubated with capture antibody overnight
(room temperature). After incubation, the plates were
washed. The samples and standards were added in the
plate and incubated by 2 hours and washed again. The
detection antibody was added and incubated for
2hours. After another washing, Streptavidin—horserad-
ish peroxidase (HRP) conjugate was added and after
20 minutes of incubation, the last washing step was
done.Thus, the substrate solution was added, and after
20 minutes, the reaction was stopped by the addition of
acidic solution. Optical density was measured using an
ELISA reader at a wavelength of 450nm (GloMax®-
Multi Microplate Reader; Promega, W1, USA) for the
assay measurements.

Human S100B ELISA and enzyme-linked immu-
nosorbent assay kit (EZHS100B-33K; Millipore, MI,
USA, the lowest detection limit is 2.7 pg/ml.) were
used to determine serum levels. The sample was incu-
bated by 2hours after it was washed and the mono-
clonal anti-human S100B antibody was added. After
another washing, Streptavidin-HRP conjugate was
added and after 30 minutes of incubation, the last
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washing step was done. Thus, the substrate solution
was added, and after 20 minutes, the reaction was
stopped by the addition of acidic solution. All the
S100 measurements were performed at 30 °C. Optical
density was measured using an ELISA reader at a
wavelength of 450nm (GloMax®-Multi Microplate
Reader; Promega, WI, USA) for the assay measure-
ments. For all experiments, the absorbance is propor-
tional to the concentration of S100B, according to the
standard curve used.

Efforts to address potential sources of bias. To reduce
assessment bias, two researchers with vast clinical
expertise to treat outpatients in pain clinic were
responsible for making the diagnostics according to
pre-specified criteria. Two evaluators with specific
training were responsible for all assessments and to
apply the standardized protocol to assess the QST and
the CPM-task.

Statistical analysis

An estimated 102 subjects would be needed to provide
80% power for a receiver operating characteristic
(ROC) study, assuming the area under the curve
(AUCQC) is 0.7 with a two-sided « of 0.05.3° Finally, con-
sidering the likely attrition rate and other unexpected
factors, we increased the sample by 15%, and the
required sample size was 117 patients.

To summarize the main socio-demographic features
of the sample, we used a descriptive statistic. z-tests for
independent samples or Wilcoxon—Mann—Whitney,
chi-square and Fisher’s exact tests were performed to
compare variables between responders and non-
responders’ group. To control potential confounding
variables on the relationship between changes in NPS
(0-10) during CPM test, classified as responder and
non-responders, we performed a forward stepwise
hierarchical binary logistic regression model (Table
3).240 A p value of less than 0.10 was required for a
factor to be included in a hierarchical regression model.
Considering that several variables can affect the
DPMS, we constructed a propensity score-adjusted
index.2?2 This multivariate analysis considered the hier-
archical relationships between the proposed factors.
The first hierarchical model included demographic
data that could directly or indirectly determine all the
variables analysed in the additional hierarchical levels.
The odds ratio (OR) values resulting from the multi-
variate analysis were not derived from the full model
with all variables, but from the equation corresponding
to the level at which the factor of interest was first
entered. This avoids the possibility that mediating vari-
ables will reduce some of the explanatory power of
more distant determinants.

The nonparametric ROC analysis was performed to
differentiate the properties of propensity score index in
each step according to the spectrum of non-responders
and responders to CPM-task. The AUCs with exact
binomial 95% confidence intervals (CI) are presented.
The cutoff values with the highest Youden index, with
90% sensitivity and with 100% specificity is presented
each one of four indexes and all they showed a ROC
AUC higher than 0.68. Statistical significance was set
to a p value of 0.05, two-tailed. Data were analysed
using SPSS software version 22.0 (SPSS, Chicago, IL).

Results
Patient characteristics

We screened 164 potential participants with a diagno-
sis of fibromyalgia, and we included 117 in the study.
Thirty-seven not fulfilling the diagnostic criteria for
fibromyalgia or presented pain level on most days for
the last 3months was defined in the protocol (NPS
6/10) and 10 had another clinical diagnosis defined as
exclusion criteria (rheumatoid arthritis, lupus, non-
compensate hypothyroidism, etc.). All enrolled sub-
jects participated in a complete assessment of the study
and were included in all analyses (Table 1). All patients
presented a detectable level of BDNF and S100B
according to their detection limits.

Univariate analysis

Relationships between outcome and spectrum of
responder and non-responders to CPM test. Pain cata-
strophizing, disability and quality of life are related to
fibromyalgia, pain scores on the VAS, HPT, depressive
symptoms, sleep quality and serum levels of BDNF and
S100-B calcium protein according to the spectrum of
responders and non-responders to CPM-task (Table 2).

Putative markers of neuroplasticity BONF and S100-B
protein as a tool to detect the failure of DPMS. To
explore how the putative markers of neuroplasticity
BDNF and S100-B protein are related to CPM dys-
function, their discriminate properties to screen non-
responders to CPM-task using their serum levels are
presented in Table 3. The respective cutoff points each
one of them would offer were at least 90% or higher
sensitivity, and they reached 80% or higher in the speci-
ficity as shown in Table 3.

The ability of each of these putative markers of neuro-
plasticity to discriminate non-responders to CPM-task
from responders is presented in Figure 2. By setting the
AUQG, the ability for BDNF (cutoff point >20.19) to dis-
tinguish non-responders to CPM-task was 67 %, provid-
ing 90% sensitivity and 85% specificity. The ability for
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Table 1. Demographic and clinical characteristics of the study sample. Values are given as the mean (SD) or frequency

(n=117).
Non-responder (n=60) Responder (n=57) p value

Age [years) 48.43(9.29) 50.54 (7.84) 0.19
Body index 28.38 (4.70) 27.83 (5.02) 0.54
Education (years) 10.28 (4.20]) 10.60 (4.12) 0.68
Smoking (Yes/No) 12/48 9/48 0.36
Clinical comorbidity (Yes/No) 25/35 28/29 0.27
Hypertension (Yes) 27 23
Diabetes (Yes) 7 9
Hypothyroidism (Yes) 0 1
Asthma (Yes) 1 0
Other (Yes) 2 0
Number of days analgesic used per week in the 11/49 20/37 0.03
last 3months (<4 times/>4 times)**

Acetaminophen/Dipirone (Yes) 29 16

Dorflex (Yes) 21 16

NSAID (Yes) 7 5

Opioid (Yes) 2 0
Psychiatric disorder according to MINI (Yes/No)* 23/37 20/41 0.43

Major depressive episode with dysthymia 25 21

Manic-depressive disorder 7 6

Post-traumatic stress disorder 3 3

Generalized anxiety disorder 3 3
Active use of central nervous system active 22/38 16/41 0.21
medication (Yes/No)**

Antidepressant (n/%) 14 15

Anticonvulsant (n/%) 2 2

Benzodiazepine (n/%) 2 5

NSAID: nonsteroidal anti-inflammatory drugs; MINI: mini-international Neuropsychiatric Interview.
**Some patients were using more than one type of drug; *Some patients were more than one psychiatric disorder

Table 2. Relationship of the outcomes and the main interest factor according to the spectrum of responders and non-
responders to CPM-task. Data are presented as mean and standard error (n=117).

Non-responders (n=60) Responders (n=57) p value
Visual analogue scale? 7.49 (1.68) 6.81(1.58) 0.03
Beck depression inventory Il (BDI-I1)2 25.43 (11.49) 20.09 (8.87) 0.00
Brazilian Portuguese pain catastrophizing scale2 35.73(10.55) 26.95(12.09) 0.00
Pittsburgh sleep quality index (PSQl)? 19.45 (7.01) 15.75 (8.20] 0.01
Brain-derived neurotrophic factor (BDNF) (ng/mL]Ja 50.58 (29.34) 40.61(21.14) 0.03
S100-B calcium protein (pg/mLJe 22.18(11.04) 17.06 (8.22) 0.02
Fibromyalgia impact questionnaire (FIQ)2 69.24 (13.06) 58.75 (13.66) 0.00
Change in numerical pain scale during CPM-task® 1.20(1.02) -1.90(1.38]) 0.00

CPM: conditioned pain modulation.
aCompared by t-test for independent sample.
bCompared by the Mann-Whitney test.

S100B protein (cutoff point >7.56) to identify correctly
non-responders to the CPM-task was 58%, providing
88% sensitivity and 89% specificity.

Multiple conditional logistic regression analysis to con-
struct the propensity score-adjusted index to identify
factors according to the spectrum of responders and
non-responders to CPM-task. The variables retained in
the multiple conditional logistic regression analysis to

construct the propensity score-adjusted index to quan-
tifying those likely to be non-responders to CPM-task.
Potential factors related to a greater propensity to the
spectrum of responders and non-responders to CPM-
task are summarized in Table 4. The OR values result-
ing from the multivariate analysis were not derived
from the full model with all variables, but from the
equation corresponding to the level at which the risk
factor of interest was first entered.
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Table 3. ROC analysis to detect the failure of DPMS
according to the serum levels of BDNF and S100B protein
(n=117).

AUC 95% ClI Cutoffs  Sensitivity Specificity
Serum brain-derived neurotrophic factor (BDNF) (ng/mL)
0.67 (0.57-0.77) 7.6900  1.000 1.000

10.2100  1.000 0.982

11.9250  1.000 0.965

12.4600  1.000 0.947

13.9700 0.983 0.947

16.4850  0.983 0.930

18.3500 0.983 0.912

19.2550 0.983 0.895

19.9050 0.983 0.877

20.1950 0.983 0.860

Serum S100-B protein (ng/mL])

0.58 (0.45-0.66) 3.9600 1.000 1.000
5.4950  1.000 0.965

6.1650  0.983 0.947

6.3450  0.983 0.930

6.5750  0.933 0.930

6.9450  0.917 0.912

7.2900  0.900 0.895

7.5650  0.883 0.895

AUC: area under the curve; Cl: confidence interval; ROC: receiver
operator characteristics.
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Figure 2. Nonparametric receiver operating
characteristics (ROC] analyses. The area under the curve
(AUC]) with exact binomial 95% confidence intervals (Cls)
according to each cutoff point of serum BDNF and S100-B
protein is presented in Table 3.

On the first level of the model, the variables such as
analgesic use (four or more than four time per weeks)
and the HPT presented a higher risk for nor-respond-
ers to CPM-task with an OR=4.33 and OR=1.18,
respectively. Lowering each Celsius degree to detect

the HPT increased the risk for no responders to CPM-
task by 18%. On the second level, a higher propensity
for non-responders to CPM-task was associated with
poor sleep quality (OR=2.66), higher pain catastro-
phizing (OR=13.67) and higher levels of serum BDNF
(OR=3.72). On the third level, compared to the
absence of psychiatric with one and two or more psy-
chiatric diagnoses showed a higher risk for non-
responders to CPM-task (OR 4.65 and 6.07,
respectively). On the fourth level, a higher impact of
symptoms of fibromyalgia on quality of life had a
strong association with non-responders to CPM-task
(OR=6.86).

The composite index of symptoms associated with fibro-
myalgia and putative neuroplasticity markers as a tool to
detect the failure of DPMS. To screen non-responders
to CPM-task using the scores of each one of these
indexes according to each step, variables retained in
each level of hierarchical multiple conditional logistic
regression analysis are presented in Table 5. These
measures with their respective cutoff points each one
of them would offer were at least 90% or higher sensi-
tivity and they reached 80% or higher in the specificity
as shown in Table 5.

The ability of each set of variables that constitute
indexes to discriminate non-responders to CPM-task
from responders is presented in Figure 3. Setting the
AUC showed that the severity of fibromyalgia symp-
toms, together with the neuroplasticity biomarkers,
permitted us to construct a score that offers 100% sen-
sitivity and 98% specificity to screening patients with a
failure of the DPMS upon the paradigm to non-
responders to the CPM-task.

Discussion

We constructed a framework that integrates the sever-
ity symptoms related to fibromyalgia with the changes
in the neuroplasticity state to comprehend their rela-
tionships with the paradigm of the efficiency of DPMS
according to the spectrum of the responders and non-
responders to the CPM-task. More precisely, under a
conceptual perspective, our findings might explain the
pathophysiological processes that underlie the fibro-
myalgia from a biopsychosocial heuristic model. Thus,
they bring attention towards their value to improve the
diagnosis with the perspective to the appraisal of some
of its mediators in serum could accelerate the transla-
tion of results to the bedside. In the sense, CSS is a
primary mechanism of the fibromyalgia pathophysiol-
ogy, characterized to be a continuum phenomenon in
which patients may lie at one of its extremes.*! It is
worth noting that as expected that the severity of this
cluster of fibromyalgia symptoms can be useful to
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Table 4. Hierarchical multiple conditional logistic regression analysis to assess predictors for responsiveness to CPM-
task failure in fiboromyalgia (n=117).

Beta SEM Wald p Odds ratio  Cl 95%

Analgesic used (<4 times/=4 times per week] 1.466 0576 6.480 0.011 4.332 (1.40-13.38)
Heat pain threshold (HPT) 0.168 0.069 5.959 0.015 1.182 (1.03-1.36)
Pittsburgh sleep quality index (PSQl, cutoff-Q,=17) 0.978 0.496 3.889 0.049 2.66° (1.06-7.03)
Brain-derived neurotrophic factor (BDNF)=58.11(ng/mL) 1.314 0549 5.732 0.017 3.72° (1.27-10.91)
Brazilian Portuguese pain catastrophizing scale =33 1.300 0.477 7.432 0.006 3.67° (1.44-9.34)
Number of psychiatric diagnosis

None 5.827 0.054

One diagnosis 1.537 0.753  4.163 0.041  4.65¢ (1.06-20.36)

Two or more diagnoses 1.804 0.752 5.747 0.017 6.07¢ (1.39-26.54)
Fibromyalgia impact questionnaire (FIQ) =78 1.927 0.775 6.189 0.013  6.86¢ (1.50-31.34)

F1Q: fibromyalgia impact questionnaire

Hierarchical multiple regression analysis. Cutoff point at quartile (cutoff-Q).

aModel 1: First block - age, score on VAS (cutoff = 7], analgesic use (four or more than 4 days per week], heat pain threshold (HPT),
psychotropic medication (antidepressant and anticonvulsants).

bModel 2: Second block - model | along with catastrophizing pain (cutoff-Q,5=33), S100B (cutoff-Q;s=23.43), BDNF (cutoff-Q,s=58.11) and
PSQl (cutoff-Qs = 17).

cModel 3: Third block - model Il along with depressive symptoms by BDI-II, number of psychiatric diagnoses according to the MINI (major
depressive episode with dysthymia, mania-depressive disorder and generalized anxiety disorder].

dModel 4: Fourth block - model Ill along with FIQ (cutoff-Q,5==78) to assess the impact of symptoms on quality of life.

Table 5. ROC analysis to detect the failure of DPMS Table 5. (Continued)
according to the index of propensity score of each step . .
of the hierarchical multiple logistic regression model AUC  95%Cl Cutoffs Sensitivity Specificity
(n=117). Step IV - global index (model 4: model Il along with FIQ
o o (cutoff-Qy5==78)
AUC  95%ClI Cutoffs Sensitivity Specificity 0.832  (0.75-0.90) 0.0089371 1.000 0983
Step | - (model I: analgesic use (four or more than 4days 0.0139259 1.000 0.967
0.681 (0.58-0.78) 0.2185269 0.982 0.983 0.0263755 1.000 0.933
0.2283567 0.965 0.967 0.03189%90 1.000 0.917
0.2412153 0.965 0.950 0.0349366 1.000 0.900
0.2471011 0.965 0.933
0.2535917 0.947 0.933 AUC: area under the curve; BDNF: brain-derived neurotrophic
0.261 2195 0'947 0'91 7 factor; Cl: confidence interval; ROCs: receiver operator
Step Il - (model II: modelll along with .catastrophiz.ing pain characteristics; FlQ: f_ibrgmyalgia impact qugstionnaire; PSal:
(cutoff-Q.. = 33) B.DNF (cutoff-Q.-=58.11) and PSQI (cutoff- Pittsburgh sleep quality index; HTP: heat pain threshold.
25=99), 75 =90,
=17 . . . . .
Urs 0 78']5] (0.70-0.87) 0.0564277 1.000 0.983 identify patients prone to have a higher dysfunction of
0.0736317 1.000 0.967 DPMS, which could be used as biofeedback for help-
0.0814282 1.000 0.950 ing patients engage in therapeutics and rehabilitation
0.0838870 0.982 0.950 interventions. Likewise, it aids in reducing the psycho-
0.0892560 0.982 0.933 logical and economic burden and could steer resources
0.0942823 0.982 0.917 towards cost-effective interventions.
Step I1l - [model Ill: mo d%?ﬁéazliiz w?t: iimber &900 Aligned with this perspective, the reliability of serum

BDNF reached 67% according to AUC, that is, its pos-

sychiatric diagnosis according to the MINI (major .. L. . .
psy g g J itive predictive value to identify non-responder to

depressive episode with dysthymia, maniac-depressive

disorder and generalized anxiety disorder) CPM-task. This result is supported by an earlier study
0.818 (0.74-0.89) 0.0153715 1.000 0.983 that found that the inefficiency of DPMS was associ-
0.0305837 1.000 0.967 ated with higher serum BDNF in the myofascial pain

0.0388753 1.000 0.950 syndrome3! and likewise, results were observed in

0.0442709 1.000 0.933 patients with different conditions of musculoskeletal

8823;;2 1888 33[1)3 pain.#? Although the BDNF effect on pain processing

0610924 0.982 0.900 may be specific of each region of the central nervous
system (i.e. spine, brainstem, hippocampus, cortex,
(Continued] etc.),*® our findings suggest that it can be a proxy
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Figure 3. Nonparametric receiver operating
characteristics (ROC] analyses. The area under the curve
(AUC) with exact binomial 95% confidence intervals (Cls)
according to each step of hierarchical multiple regression
analysis is presented in Table 4. The ROC shows the
discriminant properties of the set of variables retained

in each block. Variable retained in step |: analgesic

use (four or more than 4days per week] and heat pain
threshold (HPT). Step II: step | along with catastrophizing
pain (cutoff-Q,5=33), BDNF (cutoff-Q;5=58.11) and PSQl
(cutoff-Q,5>17). Step Ill: step Il along with the number

of psychiatric diagnoses according to the MINI (major
depressive episode with dysthymia, manic-depressive
disorder and generalized anxiety disorder]. Step IV: step
[l along with FIQ (cutoff-Q,5=>>78] to assess the impact of
symptoms on quality of life.

marker to indicate the imbalance of DPMS. According
to preclinical study, the BDNF at the brainstem DPMS,
either periaqueductal grey (PAG) or rostral ventrome-
dial medulla (RVM) is originated from neurons in PAG,
and the activation of TrkB signalling by BDNF in RVM
induces facilitation in the descending pain pathway.4*
Likewise, the BDNF activates specific nucleons of
raphe magnus (NRM) responsible for facilitation in the
DPMS. Although the serum levels of BDNF are an
indirect measure of the BDNF in the brain, the litera-
ture data show that the brain contributes to 70—-80% of
circulating BDNF.%34> Thus, changes in serum BDNF
can indicate a dysfunction of the central nervous sys-
tem, given the growing literature showing a lower serum
BDNF in patients with major depression, whereas in
fibromyalgia, its levels are high.#%47 These differences
suggest that the serum BDNF indicates that a neuro-
plasticity process underpins the pathophysiological
mechanisms of each of the two conditions, which is
over-activated in chronic pain. However, we need parsi-
mony in the interpretation of these results, and more
data are required to conclude that the generation of
BDNEF is a compensatory mechanism related to the
physiopathology of fibromyalgia.

According to the AUC of S100B protein, its reliabil-
ity properties to identify non-responder to CPM-task
is closer to 0.50, which is mildly better than chance.
Although a higher level of 100B protein in brain regions
has been associated with pain signalling, this is the first
study to extent data of its relationship with the DPMS
function. According to a study using mice models with
S100B, overexpressing decreased significantly the tac-
tile threshold in comparison to wild-type mice.
Whereas, S100B knockout mice did not develop
mechanical hypersensitivity after spinal nerve transec-
tion. Likewise, a clinical study found that higher serum
S100-B was associated with lower pain pressure thresh-
old in fibromyalgia.#® Also, in healthy females, the
serum S100B was correlated with the concentration in
oligodendrocytes, particularly in the frontal, parietal,
corpus callosum, dorsolateral prefrontal and temporal
white matter,!%4° and, to a lesser degree, in the dorso-
lateral prefrontal and temporal cortices.!® Increased
S100B in minor depression has been suggested early
glial pathology that precedes specific neuronal changes
such as in major depression.’® Overall, these data sug-
gest that its serum level can be a proxy marker of white
matter structural changes, and it could indirectly indi-
cate the role of neuroglia in the physiopathology of
chronic pain. Given the close link between neuroin-
flammation and chronic pain and the limited reliability
of serum levels of S100B to discriminate the dysfunc-
tion of DPMS, we could consider that the S100B pro-
tein may have a critical role in mediating central pain
sensitization and this process can include the dysfunc-
tion of DPMS.

Our study showed that the dysfunction of DPMS is
associated with the emotional burden (e.g. depressive
symptoms, number of psychiatric diagnoses, pain cata-
strophizing and disability due to pain). This result is
aligned with what we observe in a clinical setting,
where the severity of psychological symptoms is a fac-
tor associated with the severity of the disease, and it
has been demonstrated that it can be a predictive fac-
tor of treatment response.>!-53 The multivariate model
showed that these symptoms are positively correlated
to dysfunction in the DPMS. Thus, this result confirms
our hypothesis that the severity of fibromyalgia symp-
toms, related to psychological characteristics, may
indicate the failure of DPMS.

Scores equal or higher than the value of the cutoff
point to identify non-responders to CPM-task in the
composite index showed a [AUC]=0.83, sensitiv-
ity=100% and specificity =98%. Noteworthy, these
results confirm our hypothesis that the dysfunction of
DPMS is correlated with the fibromyalgia symptoms’
severity and that it interferes with functional disabil-
ity. They permit clinicians to identify patients with a
higher propensity to have a failure of DPMS based on
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the impact of fibromyalgia symptoms on personal and
professional relationships, physical activity, work and
social commitments. The relevance of these findings
is even more significant because they indicate that
only the intensity of diffuse pain does not provide
support to identify the severity of the inefficacy of the
DPMS, which may be an intermediate signal to ena-
ble more effective diagnosis and better management
of symptoms.

Scores higher than 0.056 on index in the step II
(PSQI indicating bad sleep quality, higher level of pain
catastrophizing and high levels of BDNF), together
with use of analgesic (four or more than four days per
week) determined to identify dysfunction of DPMS by
the spectrum of the non-responders to CPM-task
showing [AUC]=0.78, sensitivity=100% and speci-
ficity=98%. According to previous studies, better
functioning of pain inhibition was positively associated
with sleep efficiency and with the sleep duration in dif-
ferent pain conditions (i.e. temporomandibular joint
disorders,>* rheumatoid arthritis®> and fibromyalgia).56
On neurobiological grounds, these findings may be
explained by common neurotransmitters involved in
sleep, depressive symptoms and DPMS function,
including noradrenaline (NA), serotonin (5HT) and
dopamine (DA). As far pain modulation, according to
preclinical studies, the DPMS depends on endogenous
opioids in the PAG and noradrenergic projections from
the locus coeruleus®”>° which dampens nociceptive
afferents at the spinal dorsal horn;%® noteworthy, the
PAG matter — a fundamental DPMS structure?”-61 —
has also been shown to be correlated with sleep effec-
tiveness.®? In this line, an experimental study using
functional magnetic resonance imaging (fMRI) showed
that, relative to controls, fibromyalgia patients deacti-
vated the rostral anterior cingulate cortex (rACC).53
This functional imaging study suggests that in fibro-
myalgia brainstem dysfunctional structures involved in
pain inhibition are also included in sleep regulation,
depressive symptoms and pain catastrophizing. In
humans, it seems that the perceived level of the condi-
tioned stimulus pain can be affected by cognitive
manipulation. These results suggest that the mood can
influence the CPM response rather than solely on its
physical intensity.2® Although the design of this study
does not permit to determine the causal directionality,
it is possible that impaired DPMS engenders pain cat-
astrophizing, depressive symptoms and sleep distur-
bances in fibromyalgia patients.

Previous studies have demonstrated that pain cata-
strophizing is processed in brain areas less activated dur-
ing the CPM test, such as the secondary somatosensory
cortex, the dorsolateral prefrontal cortex, the anterior
cingulate cortex and the cerebellum.%4%7 In addition,
another study showed that pain catastrophizing was pos-
itively correlated with blood pressure®® and a similar

correlation was observed between blood pressure levels
and the CPM responses.5%7° According to meta-analy-
sis, a positive correlation of pain catastrophizing with
electrical-based CPM could be mediated by the auto-
nomic nervous system.2® Also, a higher pain catastro-
phizing could lead to enhanced pain perception, with a
higher CPM efficiency by the attention bias.”! From a
treatment perspective, a better therapeutic approach
(i.e. cognitive therapy, antidepressant, mindfulness, etc.)
might restore the DPMS efficacy and the cluster of
fibromyalgia symptoms. Although further prospective
studies will need to sort out the directionality of this
relationship between the failures of DPMS with these
main symptoms of fibromyalgia, their relevance is their
potential as a marker of therapeutic efficacy.

Concerns are related to the design and interpreta-
tion of these results. The downward negative spiral of
DPMS dysfunction has severe clinical consequences,
as follows: first, we included only women because it is
recognized that exist sex differences in the pain thresh-
old, pain processing in the brain and in the circuitry of
descending pain modulation (from midbrain to brain-
stem to spinal cord) has been found to be robustly
sexually dimorphic.”? Besides, the majority of studies
described higher CPM responses in males.”? Although
a more homogeneous sample reduces the potential for
confounding bias, it limits the external validity. Second,
we include young and middle-aged adults since it has
demonstrated an age-dependent decline in CPM
responses (i.e. middle-aged adults showed decreased
CPM responses compared with younger adults but not
with older adults).”® Third, AUC corresponds to the
probability of correctly identifying the condition of
interest from ‘noise’ and is generally accepted as satis-
factory when >0.7. The ROC curve is the inherent
validity of a test for identifying a condition of non-
responders to CPM-task requires analysis of the trade-
off between sensitivity and specificity. Finally, we
constructed a propensity score-adjusted index to adjust
the relationship between dependent variables accord-
ing to the spectrum of the responders and non-
responders to CPM-task and all patients received a
standardized stimulus in order not to bias towards the
paradigm to measure CPM-task.

These results showed in an integrative perspective
that in fibromyalgia the severity of main symptoms
might identify patients prone to the inefficiency of
DPMS according to the spectrum of responders and
non-responders to CPM-task. Also, they highlight that
the neuroplasticity mediators, such as BDNF and
S100-B protein, could corroborate to validate the
CPM-task as a test that allows for inference regarding
the loss of descending pain inhibition. Thus, the CPM-
task is a simple, useful test to help in the individualized
clinical decision-making process based on its potential
predictive properties for patient’s response to therapy.
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