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Abstract

Volitional neural modulation using neurofeedbacls lh@en indicated as a potential
treatment for chronic conditions that involve peepal and central neural
dysregulation. Here we utilized neurofeedback intigpés suffering from
Fibromyalgia - a chronic pain syndrome that invelgteep disturbance and emotion
dysregulation. These ancillary symptoms, which revamplification effect on pain,
are known to be mediated by heightened limbicvdgtiIn order to reliably probe
limbic activity in a scalable manner fit for EEGemefeedback training, we utilized
an Electrical Finger Print (EFP) model of amygdafatD signal (termed Amyg-
EFP), that has been successfully validated in abrih the context of volitional

neuromodulation.

We anticipated that Amyg-EFP-neurofeedback trainmighed at limbic down
modulation should improve chronic pain in patiesufering from Fibromyalgia, by
balancing disturbed indices for sleep and affecé Mitther expected that improved
clinical status would correspond to successfuhing as indicated by improved down

modulation of the Amygdala-EFP signal.

Thirty-Four Fibromyalgia patients (31F; age 35.68P) participated in a randomized
placebo-controlled trial with biweekly Amyg-EFP-mefeedback sessions and
placebo of sham neurofeedback (n=9) for a totahtitum of five consecutive weeks.
Following training, participants in the Real-newedfback group were divided into
good (n=13) or poor (n=12) modulators according ttwir success in the
neurofeedback training. Before and after treatmeeif;reports on pain, depression,
anxiety, fatigue and sleep quality were obtainedwall as objective sleep Indices.
Long-term clinical follow-up was made available,tmm up to three years of the
neurofeedback training completion.

REM latency and objective sleep quality index wereustly improved following the
treatment course only in thireal-neurofeedbaclgroup (both time*group p<0.05)
and to a greater extent among good modulators (ttd*sub-group p<0.05). In
contrast, self-report measures did not reveal artrent-specific response at the end

of the treatment. However, the follow-up assessmergaled a delayed improvement
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in chronic pain and subjective sleep experiencedesty only in the Real-

neurofeedback group (both time*group p<0.05). Matlen analysis showed that the
enduring clinical effects on pain evident in thlde-up assessment were predicted
by the immediate improvements following trainingahjective sleep and subjective

affect measures.

Our findings suggest that Amyg-EFP- neurofeedbéaek specifically targets limbic

activity down modulation offers a successful pnohed approach for volitional EEG

based neuromodulation training in Fibromyalgia gras. Importantly, it seems that
via its immediate sleep improving effect, the néeedback training induced a
delayed reduction in the target subjective symptdrchronic pain, far and beyond
the immediate placebo effect. This indirect apphosx chronic pain management
reflects the necessary link between somatic areciyke dysregulation that can be

successfully targeted using neurofeedback.
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Highlights

Fibromyalgia patients were trained in limbic neucatulation

After training, onlyReal-NF group showed improvement in objective sleep
measures

Follow-up revealed group specific improvement imgand subjective sleep
Pain alleviation was moderated by initial improvena objective sleep and
affect

fMRI driven EEG-NF can serve as a novel approadhetat Fibromyalgia

Registration:

Title: Neurofeedback for Fibromyalgia
ClinicalTrials.gov Identifier: NCT02146495
URL: https://clinicaltrials.gov/ct2/show/NCT02146319

Keywords: Amygdala, Neurofeedback, Fibromyalgiard@iic Pain, Sleep

Disorders, Allostatic Load

Abbreviations: ACR: American College of Rheumatgiogmyg: EFP- Amygdala-

Electrical Fingerprint.
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1. Introduction

Volitional neuromodulation, known as neurofeedbdbl), allows individuals to
exert control over neural activity by bridging beem mental states and neural signal
modulation (Sitaram et al., 2017). Such bridgingyntee necessary to preserve
somatic-affective homeostasis; maintaining stabiliof the internal bodily
environment and related subjective experience iapamese to environmental
challenges (Barrett and Simmons, 2015).

Chronic somatic disorders involve impaired homeastagulation that is mediated
by disturbed neural function (Di Lernia et al., B&l EIman and Borsook, 2016;
Smallwood et al., 2013)It has been suggested thalF can be used to modulate
neural probes supporting homeostatic regulatiod, rmay therefore be particularly
suitable for treating somatic-affective homeostaslated disorders such as insomnia
and chronic pain (Arns and Kenemans, 2014; deChatned., 2005). However it
remains unclear to what extent the NF effects destnated in such disorders are
mediated by improved homeostasis, as opposed tospexific, placebo-like
processes (Thibault et al., 2016).

Fibromyalgia is a highly prevalent and difficult toeat chronic pain syndrome
characterized by widespread pain, intimately relate maladaptive homeostatic
processes of sleep and emotion regulation (Chdy5;28amilton et al., 2008; Hassett
et al., 2008 Hauser et al., 2015). The pain chignic Fibromyalgia was suggested to
be a multistep process that involves the breakdofveeveral control mechanisms,
mainly mood regulation and sleep quality (Choy, 201In accordance,
manifestations of aberrant sleep in Fibromyalgial aelated disorders include
increased sleep latency, reduced sleep efficieD@z(piedra et al., 2014), decreased
REM latency, increased REM percent (Moldofsky, ZO®Riemann, 2007) and
reduced deep sleep periods (Choy, 2015). Chronpgaimments in sleep have thus
been suggested to result in enhanced “allostatad’#the increased energetic
expenditure an organism is required to endure @swat of being forced to adapt to
adverse psychosocial or physical situations (McEV28®0, 2006; Sapolsky, 2007).
This allostatic accumulation may lead to furtheunag physiological and behavioral

abnormalities, as well as subsequent pain faidiia resulting in a vicious cycle
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(Borsook et al., 2012). Accordingly, Fibromyalgeg éonsidered a prototype of the
“"central sensitization syndrome"; hypersensitiatyhe central nervous system that is
assumed to underlie a spectrum of complex psyahiand somatic conditions
including: posttraumatic stress disorder (PTSDpraine headache and premenstrual
dysphoric disorder (Yunus, 2008, 2007). The comuhkemominator of these disorders
could be impaired homeostasis manifested in sleipurdance and emotion
dysregulation .

A key factor regulating both sleep and emotiorhis amygdala (Goldstein-Piekarski
et al., 2015; Wager et al., 2008). Indeed, Fibrdgiggpatients display altered limbic
functionality as indicated by neural activity andnoectivity studies (Cifre et al.,
2012; Dehghan et al., 2016; Jensen et al., 2018)esas reductions in gray matter
volume within the amygdala (Burgmer et al., 2008tz et al., 2008). Interestingly,
limbic abnormalities have also been demonstratezldéep deprivation (Simon et al.,
2015; Yoo et al., 2007) as well as in "central geaation syndrome" disorders such
as PTSD (Hendler et al., 2003; Shin et al., 200%¢. therefore hypothesized that
neuromodulation of limbic activity using NF wouldrge as a good target for patients

suffering from Fibromyalgia.

Numerous studies have demonstrated that using tineal-fMRI-NF, healthy
individuals can successfully modulate their limlaictivity and present behavioral
changes related to the targeted brain probe (faewesee Sitaram et al.,, 2017).
Clinical studies have further demonstrated simiesults using amygdala driven
fMRI-NF across several homeostatic/central seratibn disorderssuch as PTSD
(Nicholson et al., 2017), borderline personality dorder (Paret et al., 2016) and
major depression (Young et al., 2017a, 2017a)

In chronic pain, two studies examined the efficacyf rt-fMRI-NF by targeting
the rACC (rostral Anterior Cingulate Cortex); a maj or node in the affect aspect
of the pain matrix (deCharms et al., 2005; Guan eél., 2015). Results of these
studies showed an improvement in ongoing pain folaing rt-fMRI-NF training,
claiming an effect of rACC down regulation on painperception. However, due to
small sample sizes in both studies and at least ame study (i.e. deCharms et al.,
2005), lack of replication and proper control (de®@arms, 2012), the clinical
benefit of NF for chronic pain should be supportedby further evidence (Jensen
et al., 2014).
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Despite the potential of this treatment optiore thgh cost of real-time fMRI NF
severely limits its use in community settings. Ewelnen available, the number of
training sessions for each individual ends up benegtricted by equipment
availability. Moreover, traditional criteria for MRcompatibility may result in the
exclusion of a significant subset of patients. Tvercome such difficulties, we
recently introduced a novel approach that comhinesadvantages of fMRI and EEG,
i.e., high anatomical resolution and widespreadilavitity, respectively. Our
technology is based on an fMRI-driven EEG computatinal model, that reflects
amygdala activation and supporting regulation netweks (i.e. limbic and salience
systems) as depicted in simultaneous EEG/fMRI recding, termed here
"Amygdala-Electrical Fingerprint" (Amyg-EFP) (Keyna n et al.,, 2016; Meir-
Hasson et al., 2016, 2014)n a series of validation studies on a separabepyof
healthy participants, we have shown that NF trgr@mploying the Amyg-EFP signal
as a probe, resulted in improved targeting of tgygdala BOLD (Blood-oxygen-
level dependent) signal in a subsequent fMRI sasgieynan et al., 2016[reather,
we have recently demonstrated that repeated sessiédimyg-EFP-NF resulted in
improved emotion regulation as well as enhanced arggala-BOLD down
regulation and amygdala-vmPFC functional connectity (Keynan et al.,

Accepted)

Utilizing Amyg-EFP for the first time in the clire¢ domain we have now conducted
a multisession, double-blind, placebo-controlled Bl in patients suffering from

Fibromyalgia. The goal was to train individuals down-modulate the Amyg-EFP
signal and to examine the training effect on chropain as well as on ancillary
symptoms related to somatic and affective regulatig3/e obtained subjective
assessmerdf pain, sleep and affect dysregulation, as welblajgctive measures of
sleep quality. Of the numerous manifestations efri@mt sleep in Fibromyalgia, our
focus was on REM latency, which is known to beted to amygdala activation
(Luppi et al., 2004; Nofzinger et al., 2004) andeefive dysregulation in mood

disorders (Kupfer, 1976; Palagini et al., 2013).
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We hypothesized that: (1) Fibromyalgia patientthmReal-NF group would exhibit
greater down modulation of the Amyg-EFP signal tkti@en control group. (2) Given
that our training probe was limbic and not cladgicaelated to the core pain
processing network (Apkarian et al., 2005), we etge that theAmyg-EFP-NF
training would differentially improve ancillary sytoms related tdhomeostasisas
demonstrated by sleep and affect impairments. M@mrave expected these changes
to be accompanied by improvement in chronic paimgpms. (3) Individual
differences in treatment outcome improvement waoldespond t&Real-NF success.



222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252

253

2. Materials and methods

2.1 Participants

Patients were recruited from the Fibromyalgia cliof the Institute of Rheumatology
and from the Institute of Pain Medicine at Tel AwWiedical Center in Israel. All
patients had a diagnosis of Fibromyalgia accordimghe American College of
Rheumatology (ACR) 2010 criteria (Wolfe et al., 2Divhich was confirmed by a
clinical interview and physical examination by axpert rheumatologist or pain
specialist. Exclusion criteria included other checonpain syndromes, major
neuropsychiatric illness and recently changedéteti pharmacotherapy. Patients
were randomly assigned using a computerized algorib either sham-EFP or true
NF interventions, with an a-priori ratio of 1:2 faing the latter. This ratio was
determined in order to allow for subgrouping of thee intervention group into good
and poor NF modulators. Blinding was performed gismhouse computer software
and a file containing participant's group affilatiwas examined only when NF data
collection had ended. Thus, participants, care idevg and clinicians assessing
outcomes were all blinded to treatment.

In total, 136 FM patients underwent initial screenng during which ninety-three
subjects were excluded: seventy-four did not wisldeto participate for various
personal reasons and nineteen did not meet the ACR10 criteria. Forty-three
participants underwent randomization and were alloated randomly to real or
sham NF intervention. This resulted in 31 participats randomly allocated to the
real NF group and 12 participants allocated to thesham group (in total n=43). Of
the 31 participants that were allocated to the realNF group, 6 dropped out
voluntarily, resulting in 25 participants (24 femalks) that underwent the full real
Amyg-EFP NF treatment.Of the 12 participants allocéed to the sham NF group,

3 dropped out voluntarily, resulting in 9 (7 female) participants that underwent
the full sham NF treatment, totaling 34 FM patientswho completed the main
procedure (age=35.62+6.1, 31 females, 79% retentisee table 1).

2.2 General procedure

10
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Treatment study: The study was conducted at thelS&igin Institute, Tel Aviv
Sourasky Medical Center and was approved by thatutisnal Ethical Review
Board. All participants provided written informednsent before entering the study.
Prior to the NF treatment course, patients undetraépre-NF” (pre) assessment that
included a clinical evaluatiordisease-related questionnaires, and one night mieho
sleep monitoring using an ambulatory sleep dew¢at¢chPAT-200; Itamar Medical).
Patients then underwent ten biweekly sessionstloéeReal-NF or sham-EFPAfter
completing the NF course patients underwent “Pdst (Nost) assessment, conducted
within one week of the last NF session. This evatuawas identical to the baseline

assessment (see Fig. 1).

Follow-up assessment: As part of a new stiekgamining the feasibility of a new
NF technique, we re-contacted subjects who particgied in the study. Wewere
able toreach 32 subjects 16.2+8.72 months following completidnN#- training
(Real-NF group=23, the two participants who did not complete followdp were in
the "good modulators” subgroup, for details regarding characteristics of this
sample see Table S2)We used this opportunity for an exploratory assest of
long-term effects of thReal-Intervention using the same outcome questionnéess
outcome measures). Notably, during the time of tbikow up, subjects were still
blinded to the type of treatment they receivedal or sham-NF). Of note, all
analyses of the follow-up assessment included fro the end of treatment as a
covariant to account for variability across pagants (see Statistical analysi$)lso
at this time point, no marked difference in pharmaological treatment were
observed between real NF and sham groups (see Talg2).

2.3 Neurofeedbackrocedure

NF treatment course protocol included ten NF sessieaclsession was composed
of training either using an auditory interface (sesions one, three and five), an
animated scenario interface (sessions two, four anglx) or both (sessions seven,
eight nine and ten in the same order across sessg)r(see Fig S1A)Missing more

than two NF sessions, out of a total of ten, watrdened as a criterion for
exclusion. Five participants from tiReal-NF group missed two sessions.

11
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Patients were trained to downregulate their AmydrEksing two interfaces for
feedback: 1. An auditory interface in which the mauwsignal correlated with the
volume of a soft piano tune (Kinreich et al., 2014), aadA 3D audio-visual
animated scenario in which the neural signal isetated with the level of unrest in a
scenario where virtual characters in a waiting rde@come impatient, leave their
seats and gesture loudly at the front desk reaaptidCohen et al., 2016)for
illustration see Fig S1B).The decision to use twoifterent interfaces aimed to
encourage broad exploration of mental strategies, wch can potentially lead to
better regulation abilities. As the advantage of miti-modal stimuli has been
demonstrated in various contexts of perceptual leaing (Gibson and Maunsell,
1997; Kriegstein and Giraud, 2006; Shams and Seit2008) and were suggested
to strengthen integrative processegvan Atteveldt et al., 2014) we decided to
introduce participants to varied feedback environmats that would potentially
maximize their regulation performance. Within each session, NF trials contained
two conditions: rest and regulate. Participantgewmstructed to modulate the
interface only during the regulate condition. TReal-NF group received feedback
reflecting their Amyg-EFP signal level modulatiomile the control group received
feedback reflecting a pre-recorded Amyg-EFP sigobtained from another
successful participant in thReal-NF group, indicating approximately 85 percent
success in each session. EFP signal for the sharmoN#ition was obtained from
different participants in accordance with the ralgvorder of sessions and feedback
modality. This method of producing a sham signabéed us tocontrol for “NF
general effects” such ascontrol (applying mental strategies in the attempt to
modulate the presented neural pattern)reward (valuation of positive/negative
outcomes of applied strategies) andlearning (the consolidation of associations
between reward feedback cues and neural activity pierns) (Sitaram et al.,
2017).

2.4 EEG acquisition and on-line calculation

EEG data was acquired using the V-Amp™ EEG amplifidrain Products™,
Munich Germany) and the BrainCap™ electrode cap winhtered Ag/AgCI ring
electrodes (Falk Minow Services™, Herrsching-Bnaitin, Germany). Electrodes
were positioned according to the standard 10/2@esysThe reference electrode was

12
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between Fz and Cz. Raw EEG signal was sampledtatH25and recorded using the
Brain Vision Recorder™ software (Brain Products)myy-EFP amplitude was
calculated based on data recorded from the Pz eharsing an in-house algorithm
(Meir-Hasson et al., 2016, 2014). See supplememtaterial for more details.

2.5 NF success measure

Similar to in previous studies (Cohen et al., 2Q1€)ccess in Amyg-EFP signal
downregulation was assessed by calculating a palrefiiect size (Cohen'd) of each
subject in each trial using the following formula:

Effect sjze=nean rest-mean regulate
V(SD rest?+ SD regulate 2)

As the neural target was Amyg-EFP down regulatzodesired result would be lower
“regulate” than “rest” values, resulting in a bigdmore positive) effect sizesee Fig.
S1C for a graphic description)

Overall success (across all sessions) was evaluaiag aglobal NF score: we first
calculated z-scores for the effect size for eachshgsion for each interface. Using
these z-scores, we then calculated the mean sffexacross all sessions.

In order to assess the contribution of success inA\to changes in clinical status,
we wished to cluster the real-NF group into two suiproups based on their
performance. Clustering was based on relative diffence within the real-NF
group. To this end, we used the popular k-means algthm that clustered the
two subgroups based on effect sizes from all the sstons. This clustering was
further validated by median split of the global NF score, resulting in two sub-
groups: good (n=13L3 female) andpoor (n=12 11 femalg¢ modulators. To assess
the improvement in NF learning over sessions weutaled the delta between the
normalized effect size in the first and last sassio both interfaces. This was labeled

theNF learning index.

2.6 Outcome Measures

Self-report measures: In order to assess the patieondition in three core
symptoms of Fibromyalgia (pain, sleep experienae afect) we used the following

validated self-report questionnaires: Fibromyalgiapact questionnaire (FIQ)

13
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(Burckhardt et al., 1991), trait anxiety inventd§TAI-T) (Spielberger et al., 1970),
Beck depression inventory (BDI) (Beck et al., 196the Pittsburgh sleep quality
index (PSIQ) (Buysse et al.,, 1989) and the McGdinpquestionnaire (Melzack,
1975), which also includes a Visual Analogue S¢&IAS). To tackle the overlap
evident across these questionnaires, three compseords were computed from all
subscales reflecting pain, sleep experience, afettafThe compound scores were
based on reliability tests, indicating the overatinsistency of a measure by
representing the proportion of systematic variationa scale. Each scale was
constructed using the combination of self-repoilex that provided the highest
reliability score, measured using Cronbach's al@@@nbach, 1951; Tavakol and
Dennick, 2011).Affect was assessed using mean normalized score of tA&TST
guestionnaire, the BDI questionnaire, and the aydad depression subscales of the
FIQ questionnaire (Cronbach's alpha =0.78ep experience was assessed using
normalized score of the PSIQ and the fatigue subsochthe FIQ questionnaire
(Cronbach's alpha =0.77Rain was assessed using VAS and general score of the
McGill pain questionnaire and subscales of the féiQpain (Cronbach's alpha=0.91).

Sleep assessment: One-night sleep monitoring wdsrped up to one week before
and after the NF training course using the WachRAU-device. This device is based
on recordings of peripheral arterial tone, alonthwaulse rate, actigraphy, and pulse
oximetry. The WachPAT-200 was shown to accurateBtect sleep versus
wakefulness (Hedner et al., 2004), to differentiagbt and deep sleep, and to detect
REM sleep (Bresler et al., 2008; Hedner et al. 12@{erscovici et al., 2007).

REM latency(i.e. time span between the start of sleeping antld start of the first
REM episode) was usedas the main sleep outcome measure due to prior work
demonstrating a robust link between increased REtdnty and mood regulation
disorders (Palagini et al., 2013). To assess sie@e globally, we created an index
composed of several featudasown to be important for sleep in Fibromyalgidhis
index reflected increased sleep latendyime between going to bed and falling
asleep), reduced sleep efficiendyhe ratio of the total time spent asleep compared
to the total amount of time spent in bed}and lack of proper deep slegpuantified
using "deep sleep percent" and "REM sleep percent"j.e. the ratio of the total
time spent in deep/REM sleep out of the total sleefime) (Spaeth et al., 2011).
Each measure wastandardized and givena positive or negative coefficient,

14
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reflecting itscontribution to thesleep abnormality in Fibromyalgia: sleep latency
(-1), sleep efficiency (+1), REM latency (+1), desdpep percent (+1) and REM sleep
percent (-1).The average of these weighted and standardized ses was defined

as thecomposite sleep score.

2.7 Statistical analyses

Analyses were performed using IBM SPSS, version Qfgtistica version 10
(StatSoft, Inc) and MATLAB 2013b. Demographic reésulvere descriptive and
expressed as meanzstandard deviation (see tabM/é&).compared the baseline
characteristics of each group using chi-squareisinefs exact test for categorical
variables, and two-sample t-test for continuousaides. All reported p values are
two tailed and Bonferroni corrected (Dunn, 1961Yhwiespect to the number of
comparisons conducted in each analysis, unlesdstéiherwise.

Real-NF group

2.7.2 Outcome measures

To evaluate treatment effect, we used mainly reggeabheasures ANOVAs, with
between-subject factor of group (Amyg-EFP-NF/shadfRE To evaluate NF
learning we used NF session (first/last) as withiaubject factor and for clinical
improvement we used pre/post NF training within-sulpect factor.

To assess the contribution of NF regulation abiligs to the clinical outcome, we
categorized the Real-NF group into two subgroups aording to their success (see
above). We then performed repeated measures ANOVAIth clinical outcome as
dependent variable, with three groups (good modulatrs/poor modulators and
sham-EFP) as between subject factor and time (pregst NF) as the within
subject factor.

When assessing clinical improvement at follow-ugosariant of time from end of
treatment was included in all statistical modelseaiment effects were tested at a
two-sided significance level of 0.05. Change incoute measures was quantified
using effect size (Cohen's d) (Cohen, 1992, 1988).

For clinical efficacy assessment, we evaluatedntimaber needed to treat (NNT) for
our primary objective sleep outcome measure, RBFhtgy, and for pain reduction.

NNT represents the number of patients that neebetdreated for one patient to

15



417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439

benefit compared with a control (Laupacis et @88). Thus, higher NNT indicates
less effective treatment (Cordell, 1999). For ndired sleep, we defined clinical
improvement as a patient that had a pre-assessRiet latency of less than 90
minutes and post-NF assessment of more than 90tesinReduced pain was defined
as at least forty percent decrease in visual arsdalg (VAS).

2.7.3 Moderation analysis

To examine whether reduction in pain ratings infiw-up assessment was due to
clinical changes observed at the end of the NRitrgj we used moderation analysis.
This analysis determines whether the size of thiecefof some putative causal
variable X on outcome Y depends on a moderatoabbgi(Hayes, A. F., 2013). In
other words, how the interaction between two indeeat variables can contribute to
the prediction of the outcome variable. Specificalve applied this concept to
examine whether changes ¢omposite sleep score moderate the manner by which
initial improvement in extra-musculoskeletal symmpto (i.e. affect and $eep
experience) impact pain improvement in the long run. For timgderation analysis we
used the bootstrap method of Preacher and Hayead®ar and Hayes, 2004), which
enabled estimation of the effects tltatnposite sleep score (pre-post),affect (pre-
post), $eep experience (pre-post) and their interaction had on pain ia thllow-up
assessment (post-follow-up). This was done witletfrom the end of NF training as
covariant. We evaluated the contributioncoimposite sleep score as moderator and
of each predictor separately, based on 5000 baptsamples using SPSS macro

version 3 (Www.processmacro.org).
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3. Results

3.1 Neurofeedbackearning and success

In accordance with our first hypothesis, we foungpioved performance iAmyg-
EFP regulation abilitiesin the last compared to the first training sessiotne Real-
NF, but not in the control group (Fig. 2A). A repaeht@measures ANOVA revealed
greater NF learning in theReal-NF group compared to the control group
[Session*Group interaction EG2)=9.7; p<0.M5; d=1.24, with first-last session
difference  significant for the Real-NF group only [post hoc
pBonferroni<0.0005{for further details regarding results of NF learning see
supplementary material)

We then sought to examine whether performance durig the first NF sessios
were predictive of overall NF regulation performane@. To this end, a regression
model was built usinReal-NF group data (n=25). The model’s aim was torpdict
the average effect size of sessions 3-10 using fitst two NF sessions. To this
end, two predicting variables were entered into thenodel: the effect size of the
first animated scenario session and the effect sizd the first auditory session.
The final model contained only the animated scenawi success index as a single
predictor, as its predictive power had a more sigfiicant contribution. The
auditory success index did not contribute significatly to the model and was thus
excluded from its final version. The final model acounted for 16.5% (adjusted R
square) of the variance in the dependent variable;overall regulation
performance [F(1,24)=5.6;p<.05] (see Fig. 2B)

3.2 Neurofeedbackraining outcomes

Our second hypothesis asserted tRatl-NF training would improve homeostatic
indices such as sleep and affect as well as measafrgpain (for full details
regarding clinical outcomes see supplementary tablk). Notably, one participant
from the Real-NF group was not included in this anbysis, as he did not provide
self-report measures in the pre-assessmerfocusing first on subjective measures

of affect, deep experience and pain we did not find any significant effects of NF
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treatment (all Time*Condition p>0.16). Following row-priori assumption, we
nevertheless tested for the simple effect of timeach group. This analysis revealed
two significant resultsaffect was improved in th&eal-NF group only, andsleep
experience was improved across both groups (p<0.01; p<0.66pactively) (Fig. 3A-
C).

In contrast, analysis of the objective measuresle#p: REM latency ancomposite
deep score (see methods), indicated greater improvementead than sham-NF
group after treatment. [Time*Condition interactioREM latency: F (1,30) =4.43;
p<0.05; d=0.85 composite sleep score: F (1,30)=6.81; p<0.08=1.09. The NNT
calculation for normalizing REM latency to at leashety minutes, was 3.8750f
note, two subjects were unable to perform one sesdi@bjective sleep assessment
due to technical difficulties and were thus exchideom the analysisThe two
missing datasets belonged to participants from thReatkNF group; one from the

good modulators and one from the poor modulators sagroup.

3.3 Neurofeedbackuccess relation to clinical outcome

Our third hypothesis predicted that individual drffnces in NF modulation would be
reflected in clinicalReal-NF group outcome. In contrast to our expectation, there
was no significant Time3ub-group interaction foraffect, sleep experience or pain
(all p>0.18).

However, objective outcome measures confirmed ogpotmesis for both REM
latency [Time*Group, F(2,29)=4.46; p<0.051.15, and composite sleep score
[Time*Group, F(2,29)=8.1; p<0.008=1.4], showing improvement over time only in
good modulators [REM latency; pBonferroni<0.0®pmposite sleep score;
pUncorrected<0.005]. We further computed a chamgiex for REM latency and
composite sleep score (the delta between the 'pre' and 'post' assesyimeatder to
confirm that improvement in objective sleep indigess greater in good modulators
We then used this index in a one-way ANOVA modghis test confirmed that good
modulators improved to a greater degree compardibtio the poor modulators or
sham group [REM latency, good modulators vs. shaBonferroni<0.05composite
sleep score, good modulators vs. sham; pBonferroni<0.005, goodulators vs. poor
modulators; pBonferroni<0.05] (Fig. 5A,B). Theuiber Needed toTreat per NF
success subgroups for normalized REM latency, 8edefor good modulators and
6.5 for poor modulators.
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3.4 Follow-up clinical outcome and their relatiam immediateneurofeedback
effect

To assess the long-term clinical impact of Amyg-E¥fPtreatment, we performed an
unplanned assessment of self-report measuremerta8162 months following NF
training, focusing on the subjective measureganh, affect andsleep experience. We
used a repeated measures ANOVA, with time (postaN&iv-up) as within subject
variable, condition (Amyg-EFP/Sham-EFP) as betwsehject variable and time
elapsed since the end of the NF training as a @war This analysis demonstrated
thatpain andsleep experience wereimproved at follow-up relative to post-NF only in
the Real-NF group, while affect showeda marginally significant effectpéin:
Time*Condition [F(1,28)=6.7, p<0.0%=1.1], ;post-hoc for time effect ifiReal-NF
group, pBonferroni<0.05deep experience: Time*Condition [F(1,28)=5.02; p<0.05;
d=0.99 ; post hoc-test for time effect iReal-NF group, pBonferroni<0.05affect:
Time* Condition [F(1,28)=3.69; p=0.068:=0.81]) (Fig. 4A-C).

Lastly, to account for the relation between immelielinical outcome following
treatment and the long-term effect of pain reduxtive applied moderation analysis
using a custom-made regression model (see methdds).analysis examined the
manner by which immediate homeostasis related mesaofdeep experience, affect
and composite sleep score predictlong-term pain reduction (Fig. 6). This analysis
revealedthat improvement incomposite sleep score following NF training was
predictive ofpain reduction in the follow-up assessment [B=0.91;.0%£0 95% CI
(0.21, 1.6)];and that the interaction between improvementcomposite sleep score
and subjectiveffect post NF training had an additional, significanntbution to
the prediction ofpain reduction at follow-up [B=1.9; p<0.05; 95% CI (9,13.68)]. In
contrast, self-reportedeep experience did not have any predictive power for long-
term pain reduction and was not moderated diyective sleep score. Importantly,
time elapsed from the end of NF training to follow-assessment was used as a
covariant and did not significantly contribute keetmodel. These results suggest that
when both objective sleep and affective symptomsewmproved initially, pain

intensity in the follow-up assessment was improved the greatest extent,
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strengthening the idea that long-term pain allésatrelies on improvements in

homeostatic indices.

4. Discussion

The goal of the current study was to utilize a asserelevant fMRI-based EEG-NF in
a clinical population and to assess NF traininged# on somatic-affective
homeostasis measures such as sleep quality, subjedtect and chronic-pain. To
this aim, we appliedn a randomized placebo control manner tensessions of
Amyg-EFP-NF (or shamNF) in a cohort of Fibromyalgia patients. We wereeatal
demonstratemproved NF regulation abilities in the real NF gioup, followed bya
robust immediate improvement in objective measwksleep quality (NNT for
normalized REM latency was 3.87). Immediately af¥ training, we found no
improvement in chronic pain. However, exploratoong-term follow-up conducted
16.2+8.72 months after the completion of the NF rseurevealed delayed
improvement in chronic pain and sleep experiencenvbompared to the end of
treatment. Importantly, pain improvement at follaw- could be predicted by
improvement in objective sleep observed immediaigtger NF training and its
interaction with improved affective symptoms.

We have previously shown that healthy individuals &n learn to down modulate
the Amyg-EFP signal after short NF training and thd this modulation
corresponds to altered BOLD activity of the amygda (Keynan et al., 2016).
More so, in a recent paper we demonstrate that repged session of Amyg-EFP-
NF result in improved neural as well as behavioraindices of emotion regulation
(Keynan et al., Accepted)Here, we elaborate this concept by demonstratintpat
Fibromyalgia patients are also able to down modula their Amyg-EFP signal via
repeated NF sessions, thus proving the relevance adr novel imaging approach
to limbic neuromodulation in a clinical set-up.

Markedly, when comparing pre-intervention to folleyy assessment, NNT for 40%
reduction in pain intensity (measured using visaralog scale) was 3.1#his result
indicates relatively high clinical effectiveness, ni comparison to common
treatment medication; e.g.Milnacipranwas reported to haveNNT of 8.5 (Cording
et al., 2015), Duloxetine 7.2, and Pregabalin &6llato et al., 2012). As current

treatment guidelines for chronic pain in generaid d&ibromyalgia in particular,
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emphasize the value of multimodal interventionsu$¢i et al., 2015; Nuesch et al.,

2013) these results seems to carry luighical relevance.

4.1 Limbic function and chronic pain

In contrast with previous NF studies in the settiigchronic pain (deCharms et al.,
2005; Guan et al., 2015), we employed a limbic prédr neuromodulation rather
than targeting a traditional ‘pain matrix’ regioApkarian et al., 2005). This decision
was informed by accounts suggesting a critical fotethe limbic system in chronic
pain. Animal models demonstrated that amygdala tagbeity generates enhanced
feedforward inhibition of the medial prefrontal t®t, causing impaired cortical
control that supports persistent activation of paiachanisms (Neugebauer, 2015;
Neugebauer et al., 2004). In humans, structuralfandtional limbic abnormalities
predict transition from acute to chronic pain (Mamset al., 2013; Vachon-Presseau
et al., 2016). These findings support the idea #rabtional states, underlined by
limbic structures, may play a crucial role not omypain perception and modulation,
but also in its chronification (Baliki et al., 2G1Bushnell et al., 2013; Hashmi et al.,
2013).

These propositions are nicely integrated in a retleeoretical framework which
ascribes a main role for the limbic system in pemg and maintaining bodily
homeostasis; sensory information indicating theesurstate of the body is integrated
in the limbic cortex and projected forward to coust an affect. According to this
approach, aberrant perceptions regarding boditestaay hamper this process and
can therefore cause chronic physical burdens, knasvallostatic load, resulting in
mental and physical illnesses such as depressiandtB et al., 2016) and chronic
pain (Di Lernia et al., 2016b). Guided by this ceptuialization, we aimed to improve
limbic modulation and therefore related homeostairctions using Amyg-EFP-NF.
Indeed, our results suggest that improved limbic rgulation resulted in distinct
clinical improvement in sleep that later manifestedn long-term pain relief (see
Fig. 6)

4.2 Sleep as a mediator in pain treatment
Sleep abnormalities are among the most common @mgplin chronic pain in

general, and are a major extra-musculoskeletal symjn Fibromyalgia specifically
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(Hauser et al., 2008; Yunus, 2007). Often more pment than pain itself, sleep
disorders have been suggested to be one of the pnacesses contributing to pain
chronicity (Choy, 2015; Yunus, 2007). Accordinglye found that improvement in
objective indices of sleep immediately after the thifining predicted improvement in
chronic pain during long term follow-up (Fig. 6).0kover, we demonstrated that
when both objective sleep and affective symptomeevimproved at the end of the
NF training, pain atong term follow-up was improved to the largest extent.

These results are in line with prior evidence th#ective pharmacological and
nonpharmacological therapies often improve boteslguality and pain severity in
Fibromyalgia patients. Treatment with sodium oxgha sleep modifier used to treat
narcolepsy, led to improved pain ratings, correlatgh decreased sleep disturbance
(Moldofsky et al., 2010; Russell et al., 2009b; &paet al., 2012). Likewise,
pregabalin, an FDA approved medication for Fibrolgigaalso has a beneficial effect
on sleep (Mease et al., 2008; Russell et al., 2008terestingly, some evidence
suggests a positive effect for melatonin, commasgd for sleep aid to support pain
relief in Fibromyalgia (de Zanette et al., 2014;sHain et al., 2011; Reiter et al.,
2007). Further, cognitive behavioral therapy waswghto improve subjective sleep
as well as pain catastrophizing, anxiety and dejpwagMartinez et al., 2014).

Taken together, these findings support the suggeshat sleep may mediate the
association between emotional symptoms and pairamggdala functionality; It is
well established that affective disorders such radety and depression are highly
comorbid with sleep dysregulation (Alvaro et aD13; Pires et al., 2016; Tsuno et al.,
2005). Therefore, it was suggested that impairedpstriggers unregulated aversive
emotional processing by hampering affect reactivagd emotion regulation
(Anderson and Platten, 2011; Krause et al., 201ink# et al., 2012). Importantly, a
key role is attributed to amygdala dysregulation tims maladaptive emotional
processing, manly via impaired connectivity witle thre-frontal cortex (Goldstein
and Walker, 2014; Motomura et al., 2013; Prathealgt2013; Simon et al., 2015;
Yoo et al., 2007). Moreover, the amygdala, togethiér the anterior cingulate cortex
and anterior insula, forms the salience-detectietwark that mediates discrimination
between stimuli of different emotional strength®lléwing insufficient sleep this
network displays non-specific, over generalizingspanses to emotional cues
(Goldstein and Walker, 2014). Importantly, struatuand functional alterations in

brain regions of the salience and emotional aronealorks are consistently evident
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in patients with chronic visceral pain (Mayer et &015), leading to the claim that
chronic pain can be considered, at least in parfa aondition of altered responsive
salience (Borsook et al., 2013). Disordered slees hlso been indicated as
exacerbating pain chronicity by interfering withrmal processing of interoceptive
information; enabling awareness to our body st@rif, 2003; Ewing et al., 2017).

Indeed, a recent paper with Fibromyalgia patiemim@hstrated that objective sleep
measures mediate the relation between pain injersitd level of anxiety and

depression (Diaz-piedra et al., 2014). Altogettman results support the idea that
improvements in sleep may have a beneficial eftectchronic pain by restoring

control mechanisms of homeostasis, which in tueaks the vicious cycle of chronic

pain, sleep disturbance and mood abnormalities 2@ 5).

4.3 Clinical perspective of Amyg-EFP-NF

The demonstration that a low-cost mechanism-base®-BEF treatment can be
clinically valuable in Fibromyalgia patients cagisignificant hope for this poorly
managed syndrome. As expected, not all patientsbiéeth the same learning
capacity. Previous reports have linked differendes NF performance to
behavioral/clinical improvement (Kim et al., 20M¥en et al., 2013; Zuberer et al.,
2015), affirming the basic assumption that NFnsaneural regulation, which alters
behavior and improves clinical outcome (Thibault adt, 2017).Here too, we
observed that participants that presented enhancedmyg-EFP regulation skills
also displayed a more robust sleep related clinicanprovement at the end of the
NF training.

Results from the full NF protocol analysis (see FigS.1) indicted that some
participants in the Real-NF group were unable to rgulate their Amyg-EFP
signal better than sham-group participants. This reult corresponds to previous
findings suggested that a significant percent of # population (10-50%) are
unable to influence their brain activity (Alkoby et al., 2017; Allison and Neuper,
2010; Jeunet et al.,, 2016). In previous studies, Nffeatment efficiency was
successfully predicted using behavioral factors sh as control belief (Witte et
al., 2013), motivation, mood (Nijboer et al., 201Q2008), memory (Daum et al.,
1993; Roberts et al., 1989; Wangler et al., 2011y by EEG markers such as
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672 resting-state alpha (Wan et al.,, 2014) or beta (Naet al., 2015) (for detailed
673 review see Alkoby et al., 2017). However, in our s®le prediction was
674 unsuccessful using behavioral, neural or clinicalactors. Nonetheless, and as has
675 been previously demonstrated (Neumann and Birbaumge 2003; Weber et al.,
676 2011), the first NF session, in this case, of anite&l scenario, was predictive for
677 the overall NF regulation abilities (see Fig. 2B)We suggest that this quality might
678 be due to the more enjoyable, engaging and retataddure of the animated scenario
679 interface (Cohen et al., 2016) as well as its mmtbdality. As this interface was
680 deliberately designed to provoke limbic activitydanser engagement, we were
681 pleased to observe that it could effectively pretteatment success.

682 Importantly, the pattern of clinical change observe here taps into the important
683 issues of NF's latent effect (see Fig. 5). This gabt was the focus of a recent
684 study by Rance et al(Rance et al., 2018)that reported, that in two clinical
685 populations (OCD and Tourette Syndrome), symptoms épt improving up to 80
686 days from the end of the NF training. The authors pint out that a similar
687 pattern of results is evident in previous NF studie at the behavioral (Amano et
688 al., 2016), clinical (Schnyer et al., 2015) and nel (e.g Harmelech et al., 2013,
689 Robineau et al., 2017, Yuan., 2014) levels.

690 Two mechanisms are suggested to underlie these lateeffects. The first is
691 behavioral: much like other coping skills, such aghose acquired by cognitive
692 behavioral therapy, (also demonstrated to have a tant effect e.g. Carroll et al.,
693 1994; Goldstein et al., 1989; Piacentini et al., 2@) NF can turn into a skill that
694 is integrated into daily life. Hence, as time goeby, it is possible that trainees
695 continue to practice the new skill they acquired ad thus symptoms and neural
696 regulation continue to improve. The second mechams suggested relates to
697 neural learning principles: over time, consolidatim and reconsolidation
698 processes that underlie learning paradigms such dsF are likely to take place
699 (Kandel et al., 2014). As these processes occur aedjess of practice,
700 synchronization, or desynchronization of the targe¢d brain process may
701 increase over time (Rance et al., 2018

702 The results we report here are consistent with Rams et al suggestion regarding
703 the latent effect of NF. However, our results coren a longer time duration than

704 reported in previous papers and contains notable vance in sampling time.
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Although we controlled for this variable in the relevant analyses by employing it

as a covariate, ideally this should be factored iprospectively.

Our results also relate to the current discusstganding the strong placebo effect of
NF intervention (Thibault and Raz, 2017). A recestudy that significantly

contributed to this discussion, conducted by Schaial, used a full-length, widely
accepted, EEG-NF protocol (increasing 12-15 Hz himytover the sensorimotor
cortex) to improve the clinical status of insommpatients. Results of this study
showed no advantage to NF-treatment over shamtesdit (Schabus et al., 2017).
Similarly, we observed non-differential effect inbgective reports at the end of the
NF training. However, as we targeted a specificraeprobe, we witnessed an
immediate effect ombjective sleep measures related to NF training successgks

as long term clinical improvement evident in feal-NF group only.

Interestingly, although a connection between moduteon success and clinical
outcome was observed, we could not find a correlatn between these two
measures. This may echo the suggestion by RarAdsirguialday et al. (2013),
that the nature of the relation between NF learningand behavioral/clinical
outcomes should not necessarily be a linear one. draing to control NF may
follow similar principles as the learning of motor skills. As such, patients may
acquire these *“skills” via NF training, which then become part of their
behavioral repertoire. Accordingly, one would expetthat the acquisition of the
skill by itself, rather than the level of proficiency, has the crucial effect on clinical

outcomes.

4.4 Methodological considerations

We acknowledge that certain aspects of this studyoald be improved and hope
that further research will untangle aspects that renained unsolved. The first
issue is NF learning: In a recent study we demonsited that trainee were able to
down-modulate their Amyg-EFP signal better than adwve control after four

current study, participants showed improved Amyg-ERP regulation only at the

final sessions (see Fig. S1). This slow learnipgocess might be a characteristic of
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interfaces that introduced additional challenges. B interleaving two interfaces,
we hoped to provide an engaging training set-up forepeated sessions. However,
in fact, this NF protocol might have disturbed an #ective learning. Further, the
relation between NF regulation and clinical outcomecould have been better
accounted for using transfer trails, which was unfdaunately unavailable.
Moreover to, fully control for effects of NF-reward related process (Emmert et
al., 2016; Sitaram et al., 2017) it would preferal@ to use complete matching of
success rates between the sham to real NF. Likewisge believe that further
studiesmay apply additional control groups regulatingiffedent brain probe rather
than sham-EFP. Such an approach could help supperclaim that targeting a
specific domain, as done using the Amyg-EFP, indeedduces specific and
differential results.Clearly, we hope that the results presented here iibe
replicated in a bigger sample size and includenore elaborate and quantifiable
measures of pain such as quantitative sensorygesticentral pain modulation, that
could potentially better characterize a relationween pain modulation and NF

learning.Lastly, as mentioned, the Amyg-EFP signal represés neural activity in

BOLD modulation and increased connectivity to the mPFC (Keynan et al.,
Accepted) With that, in order to fully account for the relation between amygdala
regulation and improved clinical outcome, fMRI exans in future studies would

be beneficial.

5. Conclusions
Using a randomized, double-blind, placebo-contblldesign with outcome
measurements of homeostasis (sleep and affect) pamd and accounting for
measures of learning (good versus poor modulatars)show that Amyg-EFP-NF
can serve as scalablenon-pharmacological, non—invasive treatment falivilduals
suffering from Fibromyalgia. By examining the theeatic potential of limbic

modulation in the specific case of Fibromyalgids tstudy further serves to support
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771 the clinical potential of mechanism-driven fMRI weh EEG-NF approaches that

772 target specific neural processes relevant to @iffedisease states, thus promising to
773 be a highly accessible therapeutic tool, both irdicad settings as well as in the

774  patient's home environment.

775
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Amyg- Sham-NF | T/Fisher's P-
EFP-NF MzS.D Exact Test | value
M+S.D
Gender 1M 24F 2M 7F 0.16
Age 35.5+12.6 | 35.9+10.6 0.08 0.93
Time from diagnosis (years) 4.3+4.1 4.1+4.4 0.12 0.9
SSRI/SNRI (%) 16 33.33 0.35
Gabapentinoids (%) 24 33.33 0.67
Cannabis (%) 20 22.22 1
Analgesics (%) 8 0 1
Miscellaneous (%) 12 11 1
Pain (VAS, McGill, FIQ pain) | 2.73+0.9 | 2.88.73+1.]] 0.41 0.68
Affect (STAI-T, BDI, FIQ 2.53+0.7 2.84+0.7 1.02 0.32
anxiety, FIQ depression)
Sleep experience (PSQI, FIQ| 4.17+0.9 3.93+1.0 0.69 0.49
fatigue)
REM latency (min) 76.67+35.2| 90.0£34.5 0.97 0.34
Composite Sleep Score (sleep -0.09+0.43 | 0.13+£0.28 1.4 0.17

latency, sleep efficiency, REM

latency, Deep Sleep percent,

REM sleep percent)

Table.1, Baseline characteristics of the sampleVAS- visual analog scale, FIQ-

Fibromyalgia Impact Questionnaire, BDI-Beck's Deysren Inventory, STAI T-Trait
Anxiety Inventory, PSQI- Pittsburgh Sleep Qualigéx
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A NF Learning Prediction of NF regulation
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Fig.2, NF learning. a. Effect size for NF learning index in the first alagt training
sessions (black and gray boxes, respectively) gpaup (Real-NF/sham-EFP), with
box plot displaying significant interaction of SiesgCondition and simple effect of
session only for théReal-NF group, showing greater learning effect at the last
session compared to the first. Scatterplot of the relation between effect size in
the first animated scenario session and the averadgearning effect size across all
the other sessions (3-10), showing significant ptge correlation (r=0.44,
Rsqr=0.16, p<0.05), thus pointing to a predictive alue of the first animated
scenario session with regard to later NF succes$*p <0.005, ***p < 0.0005.
Bonferroni post hoc correctioMhis analysis is based on data from 25 real NF

group participants.
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Fig.3, Change in self-report readouts, pre to post assesemt. a. Pain readout
(VAS, McGill general score, FIQ pain) pre/post N&iting. Bar graphs display no
main effect of time, nor interaction of Time*Condi. b. Affect readout (STAI-T,
BDI, FIQ anxiety, FIQ depression) pre/post NF timagn Bar graphs show simple
effect for time (pre/post NF) only for thReal-NF group, without Interaction of
Time*Condition. c. Seep experience readout (PSQI, FIQ fatigue) pre/post NF
training. Bar graphs show simple effect for timee(post NF) for both groups,
without Interaction of Time*Condition. Error barspresent SEM. *p < 0.05; **p <
0.005. Bonferroni post hoc correctionshis analysis is based on data from 33

participants, 24 from the real NF group and 9 fromthe sham NF group.
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Fig.4, Change in self-report readouts, post-NF to follow-p assessment aPain
readout, post NF/ follow-up. Bar graphs show IntBoe of Time*Condition and
simple effect for time (post NF/follow-up) only fdhe Real-NF group. b. Affect
readout, post NF/ follow-up. Bar graphs show mabininteraction of
Time*Condition (p=0.065) but no simple effect fame (post NF/ follow-up).c.
Seep experience readout. Bar graphs show Interaction of Time*Ctodiand effect
for time (post NF/ follow-up) only for thReal-NF group. Error bars represent SEM.
*p <0.05; **p <0.005. Bonferroni post hoc correctd Values are presented with
covariate of time from end of the study at levell&.8 monthsThis analysis is
based on data from 31 participants, 22 from the rdaNF group and 9 from the
sham NF group.

43



1320
1321

1322
1323
1324
1325
1326
1327
1328
1329

A REM Latency B Composite Sleep Score

1.5 -

*
* *k
—_—
0.5
T
S 0
0
s0- 0.5-
1-

100-

minutes
(post-pre)
3
z-score
(post-pre)

good modulators  poor modulators Sham good modulators  poor modulators Sham
NF NF

Fig.5, Objective sleep changes over timdifference between post and pre-NF, per
subgroup (good modulators/poor modulators/shan)REM latency. Box plot
displaying significant effect for group. Post hasts show significant difference
between good modulators and sham.Composite Sleep Score (see methods). Box
plot displaying significant effect for group. Pdgic tests show significant difference
between good modulators and sham and between gabg@or modulators. p<
0.05; **p < 0.005. Bonferroni post hoc correctiohis analysis is based on data

from 32 participants, 22 from the real NF group and9 from the sham NF group.
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1340 Fig.6, Pain improvement in follow-up session:moderation analysis of follow-up
1341 pain improvementa. Conceptual Diagram: the moderation model was design
1342 examine how objective sleep improvement, reflettgdComposite Sleep Score (see
1343 methods), predicts long-term pain reduction and hbvg index moderates the
1344  contribution of affect and Seep experience on this pain alleviationb. Statistical
1345 illustration of the moderatiohis analysis is based on data from 30 participants
1346 21 from the real NF group and 9 from the sham NF gvup.
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