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Abstract

PHILIPS UNIVERSITY
NE

Backgraind: The high prevalence and impact of sleep disorders on individuals and society calls for adequate
treatment options. Neurofeedback (NFB) presents an individualized treatment for sleep disorders that could have less
adverse effects than pharmaceuticdisons. Its éffects and feasibility should be explored furthar this purpose,
knowledge ormethods to measure sleep (other than polysomnograpby)d be increasdny comparing different

objective and subjective measures.

Objectives:This study ained todeterminethe effects of SMRup and Betadown audioNFB training on (i) sleep

onset latency (SOL), perceived sleep quality, insomnia severity and (ii) total wake time after sleep onset (TWT),
fatigue, depression, anxiety and stress. Furthermoragtieement and differences between a subjective (Consensus
Sleep Diary, CSD) and objective (Philips Health Watch, PHW) measure on SOL and TWT were examined.

Methods:Forty-one participants (6 dropped out) were randomly assigned to theupMiR= 13) or btadown (n =

15) NFB condition or the control condition (n = 13). Participants were asked to conclude at leasio?ie(eaudio
neurofeedback (NFB) training sessions using the Philips audio Neurofeedback System KRdiS8)ements took
place pre, postand during the study phase (which lasted on average 30 days per participant).

ResultsA significant improvemenbver timewas found orall primary and secondary outconiasall conditions

except forSOL and TWT measured through the PHW. However,é'SMR or beta NFB training conditions no

larger improvements were found than in the control condition. Yet, a pooled analysis on sleep quality (PSQI score)
including data of aimilar RCT indicated thabeta neurofeedback training worked better in imprgwleep quality

The comparison of the (subjectiveDand the (objectivePHW measurements dBOL and TWTshowed high
differences (and thus bias) between the two meadsndisatingthat measurements can only be compared when
loglGtransformed and notnoan absolute level.

Discussion / conclusione have to conclude that our study provides no (clear) evidence for the effectiveness of
neurofeedback (either SMR up or Beta down) on sleep, depression, anxiety, oBstvessl. factors that could have
influenced the results were identified Buas the amount of NFB sessions; reactivity of outcome measeasient
effects;the overdleffects of listening to music; small sample size; strictusion and exclusion criteriand the lack

of knowledge oractual changes in EEG activity.

Recommendation3he following recommendations for future research can be given based on the results of this study:

Analyze measurements BEG activity during neurofeedback sessions

Include a control condition in whigbarticipants wear the Philips Health Watch and fill in the Consensus

Sleep Diary but do not receive (pseudo) neurofeedback training.

Include a followup measurement after the study phase

Increase sample sizes.

Take into account the type of neurofeedbacand it sdé6 potenti al effects in re
design.

Increase the amount of neurofeedback sessions and duration of study phase.

Use subjective and objective measures to report sl ec

stalardo in sleep measurement, polysomnography.
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Abbreviations

Abbreviation Description

NFB Neurofeedback

EEG Electroencephalography

SMR Sensorimotor rhythm

SOL Sleep onset latency

TWT Total wake time after sleep onset

PSG Polysomnography

PNFS Philips Audb Neurofeedback System

CsD Consensus Sleep Diary

PHW Philips Health Watch
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1 Introduction
1.1 Background
Sleep disorders are highly prevalent and can have a strong impact on individuals and society.
In 2010, the total number of persons with sleegoilers in Europe was estimasdund45
million. In the same year, 1.4 million persons suffered from sleep disondires
Netherlandg¢Gustavsson et al., 201B5leep disorders areported to have a significant
negativempact on Quality of Life (QoL}Bolge, Doan, Kannan, & Baran, 2009;
Szentkiralyi, Madarasz, & Novak, 2009)hese effects on QoL might be even stronger in
specific target groups such as persons suffering from ome@ chronic (health) conditions
(Chasens, Sereika, Burke, Strollo, & Komytkski, 2014; Havlikova et al., 2011; McKenna,
Tierney, OO6Neil |, .FSleapdiearders also taeersatietaly , 201 8)
consequence$n 2010, he total societal costs of sleep disosdierthe Netherlands were
estimatedaroundl.4 billion euros(Gustavsson et al., 201 Hurthermore, leep disorérs
form a risk tosociety due to an increaserotor vehicle crashd&ottlieb, Ellenbogen,
Bianchi, & Czeisler, 2018)The high prevalencand mpact ofsleepdisorderscalls for

adequate treatment options.

Current treatment options feteep disorders are dividable into pharmaical and non
pharmaceuticareatmentsNeeringsVerberkmoes et al(2014)found that 74% of persons
that visittheir general practitioner (GR)r sleep problemare prescribed sleep medication.
Treatments by pharmaceutics are effective but have adverse effects to consider such as,
dizziness, hedache, drowsiness, psychiatric and behavioral problems, haliocsand/or
weight gain(Ramar & Olson, 2013; Soares & Kanungo, 20B8plonged use of sleep
medications alsoassociated withigher mortality hazard and risks for accidents in traffic
(Booth et al., 2016; Gustavsen et al., 2008; Kripke, 20E@amples of nofpharmaceutical
treatment options are: sleep hygi¢herapy, stimulus control thenapsleep resiction
therapy, relaxation training, and temporal control thef&fasora & Kessmann, 20;
Maness & Khan, 20150ften, these differertypes of therapy are combined into cognitive
behavioral therapy (CBTIn which managing sleep disorders is done by targeting and
working on maladaptive thotts, behaviors and beliefs regardsigep. CBThas
demonstratetb improve sleep, but some researchers such as Fullagar & BaQEs)argue
that behavioral therapies like CBT are not geared to the high interpersaahlligiof sleep
(disorders). The proven adversities of sleep medication and lack of individualized non

pharmaceutical treatemts show the need for othgpes of treatment for sleep disorders.
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NeurofeedbackNFB) presents such an individualize#datmemnfor sleep disorderthat

could have less adverse effects than pharmaceutical sollXiBBss a methodased on the
principle of operant conditioninig which individuals train to modulate their own brain
activity (EnriquezGeppert, Huster, & Herrmann, 2017; Reiner, Gruzelier, Bamidis, & Auer,
2018) Feedback on brain activigan be auditory (e.g. improving or reducing music quality
or hearing a certain sound), visual (eadar changing its length or an animated hand
changing its posture from open to grasp), or tactile (e.g. feeling a vibration). Feedback can
also consist of a combination of these modalitiasiquezGeppert et al., 207). In most

types ofNFB, dectroencephalogphy(EEG)is used for measuring brain activigrain

activity measured through EB@kes the shape of brainwaves (or neural oscillations) which
can differ in frequency and amplitude. Brainwavesesensimutaneous firing of groups of
different kind of neurons in the brain and are generally divided into the following frequency
bands: delta (<4 Hz), thetai @ Hz), alpha (B13 Hz),beta (1335 Hz) andgamma (>35 Hz).
Sensonnotor rhythm(SMR) consists of thérainwavegangingfrom 13 to 15 Hz. SMR

activity lies close to alpha and betetivity, but originates from a different region in the brain
(Niedermeyer & Silva, 2004)

Brainwaves in the SMR and bdtaquencyrange have specific roles in sleegated
processes. Presence of SMR activity indicates inhibition of motowioelzand sensory input
and isof importance due to its role in the sleep onset of hurftdmwe & Sterman, 1972)
SMR activiy is known to play a role in the production ofcalled sleep spindles, which are
seen in theransition from drowsiness to slefpe Gennaro & Ferrara, 2003)icreasing
SMR activity maythereforedecrease sleep onset latef8{QL). Beta activiy reflects
cognitive load and is of importance due to its role in the development and continuing
existence of insomnia. Patients experieng@nmary insomnia exhibit higher levels of beta
activity during wakefulness in the sleep onset period and doongapid eye movement
(NREM) andrapid eye movemerfREM) sleep(Cortoos, De Valck, Arns, Breteler, &
Cluydts, 2010)Inhibiting beta activity may therefore decre&@L and total vake time after
sleep onset (TWT)which might improve step quality The effects and feasibility of the
application é audioNFB training enhancing SMR activity and inhibiting beta activity to

improve sleep should be explored.

Several studies have examined the poteapglications oNFB onimproving sleefArns,
Feddema, & Kenemans, 2Q1dortoos et al., 2010; HoedImoser et al., 2008; Schabus et al.,
2017, 2014)Arns, Feddema & Kenemak2014)have examined the effectswa$ual and
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auditorySMR and Theta/Bet@fBR) NFB on sleep onset latenay patients with attention

deficit hyperactiviy disorderfADHD). They found a significant decrease 0L in both the

SMR and TBRNFB condition In the SMRNFB condition the effects on SOwere most
pronounced within the first half of the treatmedartoos et al(2010)compared the effects

of athome visuaNFB training (tageting several frequency bands in the EEG spectrum
includingSMR and Betpard athomebiofeedback trainingThis study revealed a decrease

in SOLIn both treatment grougnd a significant improvement in total sleep time only in the
NFB condition HoedInoser et al(2008)tested whetherisual NFB erhancingSMR activity

had an impact on sleep paramet&ssults showed an increase in expressiddMIR activity

and a shorteneSOL only in the SMRconditioning groupSchabus et a{2014)examined
whether slep quality in insomnia patients could be improved by enhancing SMR activity.
They found a significant decrease of the number of awakenings, a trend towards decreased
SOL and a significant improvement in subjective sleep quality as a result of the enhancemen
In a subsequent study by Schabus €R8117) improvements in subjectively reported sleep
guality wee seen for participants in the placebo as well al&& condition, but no
improvemend on sleep parameters weneasured objectively. The conducted studies

provide evidence of the potential beneficial effectdlBB enhancing SMR activity on sleep.
Evidence onnhibition ofbetaactivity is limited. The effects ofathomeaudioNFB training

on these frequency banslsould be examined furthd?Previously conducted studies also have
some methodological limitatiorier future studieso address, such as dirveample sizes and

a lack of adequate control group treatment protocols.

To determinghe effects oNFB on sleepaccurate methadto measure sleep assential.

Until today, polysomnography (PSG) remains the golden standard in sleep assessment.
Howeve, PSG icostly, exclusive and the assessment of sleep takes place in a potentially
stressful environment (e.g. a hospital dal@oratory, which may not reflect reakorld
circumstanceglbafez, Silva& Cauli, 2018a) Therefore, sleep diaries and questionnaires are
used as a substitute or complem&ften, in combination with oth@bjectivesleep
measurments method@bafez Silva, & Cauli, 2018b; Van De Water, Holmes, & Hurley,
2011) There is an ongoindebateon whether availdb objective measumeent methodge.g.
usingactigraphy health trackersyr other hardware deviceghd subjectiveneasurements

(e.g. sleep diargntries)are rdiable, valid, comparable and intdrangeabl€Cellini,

McDevitt, Mednick, & Buman, 2016; Dickinson, Cazier, & Cech, 2016; Razjouyan et al.,
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2017) Future stdies should address this issue by comparing different metbodeasure

sleepobjectively and subjectively.

1.2 Justification

The PhilipsAudio Neurofeedbek System (PNFS) was developed with the &rapply
instrumental conditioning abrain activitythrough audidNFB in a consumer produéor
everyday useTheenhancement of alpha activity using the PNFS was investigated and
yielded positive results in studies by van Boxtel e2)12)and Dekker et a[2014) Dam
(2016)examined the use of the PNFS to enhance SMR and ibleifaitactivity to improve
sleep in a double blind randomized controlled trial (RCT) with three arms¢tdBMR-up
and betadown). Petit(2018)re-examined the databtained inthis RCT and looked further
into the influence of the PNFS on SMR and beta EEG actwjitgnalyzing the EEG
recordings of the NFB sessiomdixed results weréound whichcould be explained by the
relatively small sample size (n = 36) gmbblems with the collection of the objective
measurementsn sleep Theeffects of SMR and beta audi=B trainingon sleeghaveto be
examined furtheto progresshedevelopmenof the PNFSowards a consumer product.

1.30bjectives

1.31 Primary objective
The primary objective of this study is to evaluate the effefc(beta and SMRaudio
neurofeedbackainingon sleep onseatency (SOL)perceived sleep quality and insomnia

severity

1.32 Secondary objectives
The secondary objectives of this studg as follows:

1 Evaluating the effect of (beta and SMR) audio neurofeedback trainittgadwvake
time after sleep onset\(VT).
Evaluating the effect of (beta and SMR) neurofeedback training on fétigels.
Evaluating the effect of (beta and SMR) ndaealback training on depression,
anxiety and stredsvels.

1 Examining the agreemeand differences betweeteep diary and Philips health
watchmeasurements aleep onset latendpOL) and total wake time after sleep
onset(TWT).
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2 Methods
2.1 Design
This study concernsdoubleblind randomized controlled trial (RCT) with three arms.
Eligible participants were randomly assigned to one of the experimental conditionsy{sMR
or Betadown) or the control condition. Measurements took place post and dring the
studyphase (which lasted on average 30 days per particiJdmg)internal Committee
Biomedical Experiments (ICBE) of Philips Research and the Ethics Committee of the

University of Twente approved this study.

2.2 Participantsand procedures

In September 2018argetedadvertisements were placed on the Philips Benelux Facebook
platform These advertisements were shown to users fitting the inclusion criteria based on
their Facebook activity. By clicking on the advertisement, potential participeenées

redirected to a webpage displaying information aboustihdyand an emnail address for
application. Each applicant was then provided a participant numberraspedink to several
intake questionnaisethat were used to test for eligibiliggligible particpants were self
selected adultsesidingin the Eindhoven areaged 18 to 65 yeawith a Pittsburgh Sleep
Quality (PSQI) score > 5 or a seHportedsleep onsettency (SOL) > 20 minutes; with
regular average working hours: 0910Q7:00 anda working week of 24 hours or more.

Exclusion criteria were:

Use of sleep deficiency (séltreatment (medication, drugs, alcohol, therapy);
Medical conditions that affect the vestibular system (e.g. Méniére disease);
Pregnancy or breastfeeding;

Suffering from traumatic experiences;

Being a student

Travelling to other time zosen the last month and/or during the experiment;
Unwillingness or inability to provide informed consent;

A DASS depression score > 27 (indicates extremely severe depression);

A DASS anxiety score > 19 (indicates extremely severe anxiety);

=4 =2 A4 A4 4 A A4 A - -2

A DASS stress score > 33 (indicates extremely severe stress).
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Of the 412 applicants, 307 filled in the online intake questionnaires correctly and were
assessed for eligibilityl he relatively lgh amount of questionnaires (applicants were asked
to fill in six questionnaires) might explain th@rge number of applicants not completing the
online intakequestionnaire266 participants were excludetlwhich 231 because they did
not meet inclusiowriteria (mainly due to irregular working hours and use of sleep
medication) After acceping invitations for an ossiteintake,41 participants were
randomized over the three conditions (SMR Betadown or control) using block
randomization, based dhe followingcovariatesierived from thentakequestionnaire¢see

figure 2.1for a flowchart of the participants

1 Age

1 Gender

1 Sleep qualityscore on the Pitssburgh Ske@uality index, PSQI)

1 Depression, anxiety and stress level (scores on the Depréssiiety Stress scales,
DASS)

Insomniaseverity(score on th Insomnia Severity Index, ISI)

=

Fatigue leve(score on the Fatigue Assessment Scale, FAS)

On-siteintakes tookplace in groups of three to gparticipants. During these intakes,
informed consentvas obtained from each of the participants. Participants filled in thegtre
guestionnaires. Furthermore, egehticipant receivethe study equipmenififormation on

the study procedurend instructions on how to use the equipmPauting thestudyphase
which lasted on average 30 daparticipants were actively monitored to encourage data
collection and prevent missing data. The responsible researchers actively supported the
participants by providing (osite/at home) technical supp@hdweeklyd How ar-e you?0o
emails in which thg asked for an update of the participémogress regardinte training
sessions and data collectidrhe onsite outtake meetings took plaaedividually or in

groups of two to siyparticipans. During the outtakeparticipants were asked to fill in the
posttest questionnaires, which consisted of the same questionnaires asttst with

exception of the following items that were added:

1 A few questions regarding the experience that the participants had durstgdize
and with the use of the PNFS in general.
The System Usability Scale (SUS)

The van Westendorp price sensitivity scale
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The results of thesextraitems were not analyzed for the current study reporiMene
integrated for internal research and develept purpose#\s an incentive, participants who
completed théraining phaseeceived 100 euros in VVV vouchers during the outtake
meeting Participants that quit tieainingbefore the end of the 4 weeks received a

compensation of 50 euros in VVV voucke

Excluded: n = 266
Not meeting inclusion criteria’: n =231

Assessed for
eligibility: n = 307

Y

* >65yearsold (n=1)

* Working hours < 24 hours a week
(n=135)

* No regular average working hours
(e.g. 09:00 to 17:00) (n = 57)

* Use of sleep deficiency (self)
treatment (medication, drugs,
alcohol, meditation, etc.) (n = 55)

* Living further than 100 kilometers
from Eindhoven (n = 5)

* Depression, Anxiety and Stress

scales (DASS) score too high (n

=14)

Insomnia Severity Scale (1SI)

score too low or too high (n = 29)

* Obstructive Sleep Apnea (OSA)
(n=17)

Declined to participate: n =7
Excluded due to time limitations: n = 28
! Participants could be excluded because of 3
combination of different criteria

Randomized: n = 41
A 4 h 4 y
SMR-up condition: Beta-down condition: Control condition:
n=13 n=15 n=13
h 4 A h 4
Completed TO Completed TO Completed TO
({pre-test): (pre-test): (pre-test):

n =13 (100%) n=15(100%) n=13(100%)
h 4 A y
Completed T1 Completed T1 Completed T1
(post-test): (post-test): (post-test):
n=12(92.3%) n=11(73.3%) n=12(92.3%)
h 4 A y
Analyzed (ITT): Analyzed (ITT): Analyzed (ITT):
n=13 n=15 n=13

Figure 2.1 Flowchart of participanieurofeedback4sleegudy
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2.3 The interventioni audio neurofeedback training

PHILIPS UNIVERSITY
)

During thestudy phasgparticipants were asked to conclude at least 2hqaie) audio
neurofeedbackNFB) training sessions using tihilipsaudioNeurofeedback System

(PNFS) which consists of two subsystems:

T A Philips OO6Neill the Stretch 2based Headbar
AgCI EEG electrodedifure 2.3). This headset is connected to either a Nexus 10 or a
TMSI Mobi Mini EEG data recordefigure 2.4).

T An android tablet, the dédSamsungpaGatibasxy Ta
favorite music,the Philips Neurofeedback System apgionand several games
(figure 2.5).

Figure2.3 Locations of electr:

Stretch 2.0 Headband Headset.

Figure2.4: The Nexus 10 EEG data recorder Figure2.5: Samsung Galaxy Tab running the Philips

Neurofeedback System application

Each of the agio NFB sessions consisted of 10 minutes of aldkdB training followed by 5

minutes of playing a game and another 10 minutes of &lidi®training. For participants in
al experimental conditions, thatervention structure was the sané different powebands
in the EEGspectrum were stimulated during the sessioithe Betadown condition, a lower
power in the beta band of the EEG spectrum was stimulated during receivetiaBdio

training. In the SMRup condition, a higher power in the SMR band of& spectrum
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was stimulated. In theontrolcondition, prestored EEG data of other individuals was used to

mi mic a natur al EEG s i g n&hke EBGoneasdrementsofedch andon
session were recorded and stored on a data server. Adnieonng of adherenci® the

interventionwas performed by accessing this data.

A description of the exact functionality of the Philips Neurofeedback System, details
on the Philips Neurofeedback System application and a more extensive explanation on the

NFB mechanisms in the different cotidns is included in appendik

2.5 Measues
The measuregsedin the currentstudy can be divided infare- and posttest measures and

measures during the training phase of the study.

2.5.1 Pre and posttest measues
The following pre and postest measures wetsed

1 The Pittsburgh SlgeQuality Inventory (PSQI) (appendiy 2

1 The Insomnia Seviy Scale (ISI) (appendix)3

1 The Fatgue Assessment Scale (FAS) (appendix 4

1 The Depression Anxiety and SégeScales (DASSappendix %

Sleep quality was measured using the Pittsburgh Sleep Quality Inventory éppeidix 2)

(Buysse et al., 1989The PSQI is a short seléport assessment of general sleep quality

during the previous mohtonsisting ofL9 selfrated questions and 5 questions to be rated by

a bed partner or roommate (if availabl®ply the seHrated questions are included in the

scoring. The PSQI measures different aspects of sleep and results in seven component scores
reflecting the following domainsubjective sleep qualifydeeponsetiatency (i.e.the time it

takes to fall asleep)leep durationsleep efficiency (i.ethe percentage diime in bed that

one is asleep); sleep disturbances; use of sleeping medicatid daytime dysfunction. The

items assessingleep duration, sleep onset latency and sleep efficiency consist of free entry
questionssuchad:Dur i ng t he past month, what time ha"
n i g hlterfistassessing sleep disturbantes use of sleep medication and daytime

dysfunction have answering options ranging fro(nMot during the past mondhto 4

( Three or more times a waeBAn example itemis asfollowA :Dur i ng t he past m
often have you had trouble sleepingéase you could not get to sleep within 30 mindtes?

The item assessing sleepquaiitpur i ng t he past month, how wou

14


https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiVg-K8tdzhAhVII1AKHXxSBjEQjRx6BAgBEAU&url=https://www.kwakzalverij.nl/nieuws/philips-jaagt-medewerkers-uit-kwakzalverhok/&psig=AOvVaw3l8kBijrixo-RlwcnmNfM2&ust=1555772246745138
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwif16fWtdzhAhUCYVAKHZYKCxwQjRx6BAgBEAU&url=https://www.utwente.nl/organisatie/huisstijl/templates-downloads/&psig=AOvVaw0Rmh-mXoLMPIpmMmdttTvE&ust=1555772306684652

pH.L.ps UNIVERSITY
@ Research OF TWENTE.

gual ity hasangmermd dptrs ranging from(Oifery good) t &erydbad{ )i .

Each item is weighted onQi 3 interval scale. The global PSQI score is then calculated by
summingthe seven component scorpsyviding an overall score ranging from 0 to @4th

a score > 5 indicating poor sleep qua(iBackhaus, Junghanns, Broocks, Riemann, &
Hohagen, 2002)rhe PSQI hs been widely translated and employed in a range of
populationbased and clinical studies. It has shown to be a reliable and valid instrument for
the assessment of subjective general sleep quBliyinternal consistencyJéE 0.65) of the

PSQI in the current study wswner thantheinternal consistency reported in the literature
(U= 0.83)(Backhaus et al., 2002 his difference might have been caused by certain
characteristics of the sampdepulation included in the current stu@ne of the inclusion

criteria was a PSQI score of > 5).

Severity of insomnia was measuredngsihe Insomnia Severity Indé€S|, appendix3)
(Morin, Belleville, Bélanger& Ivers, 2011) The ISlis a seHreport, #item questionnaire
designe in a 5point Likert frequencycale with answering options ranging from O

( Mone/Notatalh) t &end ) ( A Qu e stoinsonmim expegign@es in the previous
two weeks and idade questionss u ¢ h Hoavsatisfigd/dissatisfied are you with your
currentsleep pattern@andfiTo what extent do you consider yowreg problem to interfere
with your daily functioning (e.g. daytime fatigue, mood, ability to function at work/daily
chores, concentration, memory, mood, etcuyently?0. The ISI score is determined by
adding the scores on the seven itemsaamdrange from 0 to 21, with a score > 15 indicating
moderate to severe insomnide|S| has demonstrated excellent internal dstesicy(U=
0.90)and validityin a validation study by Morin et aR@11) The nternal consistency of the
ISI in the curent study was loweld= 0.77), but still acceptable.

Fatigue was measured using fhatigue Assessment Scale (FASendix4) (Michielsen, De

Vries, Van Heck, Van de Vijver, & Sijtsma, 2004)he FASis a selfreport, 10item
guestionnaire designed in gint Likert frequency scalith answering options ranging from

1 Nefivpr 0 Al S afeastions include statememtegarding fatigue experiences

general, such ast | get tired very quicklyo, fiahd h av e
AWhen | am doing somet hi n&AS storemracalcuate hyc ent r a
summing the scores on all itermasdcan range from 10 to 50, with a score of > 22 indicating
substantial fatigugMichielsen, De Vries, & Van Heck, 20Q3jeinternal consistency of the

FAS for the Dutch population was investigated by Michielsen, de Vries & van (20018)
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The FAS showed a good internal consisteti¢y 0.90) The internal consistency of the FAS
in the current study was also godd=0.90.

Depression, anxiety and stress were measured using the Sleprgaxiety Stress Scale
(DASS, appendix5) (Lovibond & Lovibond, 1995)The DASS is a selfepot, 42-item
guestionnaire designed in gdint Likert frequency scalevith answering options ranging
from O( Did not apply to me ata) t @ppldd tb e very much, or most of the time.
Questions refeto depression, anxiety amsttess experiencésthepreviousweek s ucdh as:
found myself getting upset by quite trivial thiags was aware of dryness of my mouémnd
Al couldn't seem to experience any positive feeling at Bile scores for the total atige
subscales are calculated by detiging the sum scores of the constituent itefie score on
each subscale of the DASS can range from 0 wittRcutoff scores for moderate
depression, anxiety and stress respectively lying at > 13, > 9, anfLoviBond &
Lovibond, 1995)The DASS has demonstrated excellent internal consistanegch of the
subscaleg¢U= 0.96, 0.89 and 0.93 f@epression, Anxiety, and Stress, respecyiviel a
validation study byrown, Chorpita, Korotitsch, &arlow (1997) In the current study, the
internal consistency was slightlyier, but still good (= 0.90, 0.81 and 0.%br

Depression, Anxiety, and Stress, respecyivel

2.5.2 Measures during the training phase

Consensus Sleep Diary

During thestudyphasesleeponset atency (SOL)total wake ime after sleep onset (TWT)
and Sleep Quality (SQ)ave(subjectively)measured usingn online version ahe
Consensus Sleep Diary (CSD, apper@jigCarney et al., 2012The CSDis a sleep diary

that gives insight in seral sleep pameters (e.g. sleep onset latency and number of
awakeningsas well as into sleep hygiene habits (e.g. caffeine intake and alcohol iiitade).
version of the CSD used in the current study (€dronsists of 15 items with different
response options. Thiems from the original questionnaire assessing sleep onset latency,
sleep duration and time in bed were merged into three different dbglesdsich the

participants answerdtie following questions:

1 AAtwhat time did you get into bed and at what timeydid get out of bed for the
day?0o0

1 AAt what time did you try to go to sleep and at what time did you finally wake without
trying to sleep more?
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1 AFromwhento whendid you actually sleepy?

y

Examples obther items and their responses options were as fo(fowthe other items, see

appendix 6)

2

T

How many times did you wake u(pg.5not coun

T AHow would you rate your gua(liverypoar,f sl eep

10: very good)

T AHow rested or rehyoewohkeep Tod linetresteely P 0 whe

at all, 10: very rested)

T AHow many gl asses of al degh3pl did you drin

3t

1 At what time did you consumé.gyYa3ddy | ast

Findings by Maich, Lachowski & Carn€2018)have provided good support for the validity
and utility of the CSDThe internal consistency of CSD is not determined because the sleep
diary is not intended to measure one construct, and iteanmsaexpected to correlate with

one another (e.g., there is no reason to expect that bed time would correlate with number of

awakenings).
Philips Health Watch

During thestudyphasesleep onset latency (SOahdtotal wake timesfter sleep onset

(TWT) wereobjectivelymeasured using the Philips Health Watch (PHW) by measheag

rate (variability).The PHW(figure 2.6)is CE marked and can be classified a medical device
(FDA class 2)The accuracy of measument of sleepparameers usinghe PHW was

examinedby Hendikx et al.(2017) Ther study showed thdbtal energy expendituianbe
estimated by the PHW with an accuracy of 85%. This is an important finding as sleep can be
recognized as periods of low totlergy expenditure.

Furthermore, the PHW provides insight into sleep parameters dughoitgplethysmography
(PPG)functionality. PPG sensors have shown to be able to accurately measure average heart
rate and offer the possibility of measuring heart rate variability (HRV) throughout the night.
HRV can be used to determine sleep phases as different levels of HRV regifésremtt sleep
stagegFonseca et al., 201 R hilips Research developed a PP&3ed sleep staging algorithm

that achieved a satisfactory agreemfentthe following sleep parameters: Total Sleep Time
(TST), TWT, and Sleep Efficiency (Ske, the percentage dgime in bed that one is asleep

17
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for more than 70% of thprocessedecordings(Fonseca et al., 2017Jhe aforementioned

algorithm was used to deri8OL and TWT measurements for the current study.

Figure 2.6thePhilips Health Watch

In table 2.1, agualization of the measureserthe time points of the study is given.

Table 21 Visualization of measureover time pointsNeurofeedback4sleegtudy

Measure TO (pre-test) Training phase T1 (posttest)
Sleep quality PSQ) X X

Fatigue FAS) X X
Depression, anxiety X X

and stress¥ASS)

Insomnia severitylfl) X X

SOL and TWT(PHW) X

SOL, TWT,and sleep X

quality (CSD)

2.5 Sample size calculation

The sample size calculation for the study was conducted using G*pdWwaul3 Erdfelder,

Lang, & Buchner, 200). The effect size was set to bd@® based on reported resultsaof

earlier study by Cortoos et 42010) The statistical test for the study was set to an ANOVA

repeated measures (gest and postest) between factors (the three experimental

conditons)The U value was set tobOto6mbrdeitd. t he st a
satisfy the above parameter settings, a sample size of at least N = 51 was deemed necessary.

Calculating a drojout rate of about 15%, the final sample size was set to N = 60.

2.6 Statistical analysis
All statistical analyses were performed usi&tatistical Softwareersion 3.5.XR Core
Team, 2012With2-t ai | ed tests with a significance | ey

indicated that missing data were completely at random ferapi sttest dataX? (16) =

18


https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiVg-K8tdzhAhVII1AKHXxSBjEQjRx6BAgBEAU&url=https://www.kwakzalverij.nl/nieuws/philips-jaagt-medewerkers-uit-kwakzalverhok/&psig=AOvVaw3l8kBijrixo-RlwcnmNfM2&ust=1555772246745138
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwif16fWtdzhAhUCYVAKHZYKCxwQjRx6BAgBEAU&url=https://www.utwente.nl/organisatie/huisstijl/templates-downloads/&psig=AOvVaw0Rmh-mXoLMPIpmMmdttTvE&ust=1555772306684652

pH.L.ps UNIVERSITY
@ Research OF TWENTE.

18.31 p =.306. Missing Philips Health Watch (PHW) and Consensus Sleep Diary (CSD)
data were not completely at randoXs (2) = 9.51,p < .01 andx? (2) = 31.13p < .001),
indicating that it would not be safe to list wise delsises with missing values or to singly
impute missing values. Therefore, iatentionto-treat analysis (ITTyvithout imputationvas

conducted using a linear mixed models (LMM) procedWe.only report the ITT results.

Chi-square tests, ongay analysiof variance (ANOVA) and noparametrical Kruskal
Wallis rank sum tests were conducted to examine if there were any significant differences

between conditions on any of therdographics or preest measuremenss baseline.

Dropoutwas defined as earlyrtaination of the experiment (bethe end of the 3@ays).

Differences in the amount of dropouts in the three conditioesr e anal yzed usi ng
chi-squard¢ est s with Yatesd continuity correction.
completers on deagraphics and baseline measuremardse analyge d usi ng Pear son
squard est s with Yatesanalond i 916(iANYO cadrsir)a matnedo m,o

parametrical KruskaWallis rank sum tests.

LMMG6s al |l ow t olevel gatiabilityhandsubjectievel varialtity by including

both fixed and random effects as an extension of simple linear models. Mixed models
account for missing data using maximum likelihood for the estimation of missing data points
(Liu, 2015) LMM6 s w eup fer albvariables and types of data mad postest, CSD
andHWd at a) us i npackagdie RBatésrateall, 2014) These LMMO6s i ncl
time as repeated measures and group, time angh griime interactioras fixed effects.
Furthermore, random intercepts for each participant were included as random Eéelts.

LMM was tested for violations oné assumptions of linearity, homogeneity of variance and
normal distribution of model residis. No clear violations were detected. The

Apr edi c ackageawasused [ generptedicted means from each LMM (as displayed
in the table 3.3 and table 3.@ongwen, Ganesh, & Koolaard, 2014)

Sleep onsetdtency(SOL) and total wake time after sleep onset (TWiBasurments(CSD
and HW) were loglransformed in order to meet a normal distribution before setting up the
L MMO6 s .

The nl npearcTkeasged was used to per f ovideast#fii€aV Ads o
inference on the amount of variance contributed by group and time as main effects and the

interaction of group with tim@&uznetsova, Brodkoff, & Christensen, 2017)
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Data on disturbance in sleep quality (PSQI) scofdke current studwas pooled with data
of thealmost identicatandomized controlled trial (RCTith the same outcome measure
performedoy Dam(2016) This approachvaschoserbecause botktudieshave a too small
sample size according to theower analyss. Pooled analysis of the data of both studies
allows for the drawing of firmer conclusiomsgarding the effects of the Philips Audio
Neurofeedback System on sleep qualityseparatdTT analysiswas performed on this data

following an LMM procedure.

Agreement between the CSD adW measures o080LandTWT was examined by

comparing measurements of 760hitgyusing BlandAltman analysisin Bland-Altman plots,

the differences between the CSD and HW measeiné& were plotted against the means of

the two neasurenens. The mean differences between CSD and HW measumtg and

l' imits of agreement (LOAG6s) were plotded as
1 1.96 *SDandd + 1.96 *SD) were calculated using the mean differerd)ead standard
deviatonSD) of the differences. Furthermore, the
calcul ated for the LOAG6s and mean difference
t he L OAdsecaloeulatedeThe degrees of correlation between the meanseand th

differences of the two measurement methods on SOL and TWTdeteninedising

P e ar s on énsoomentcorrelationtand linear regression.Sewerrelations were plotted

as a (dotted) line in the Blamdltman plots (representing the adjustetioRr efi laofn best f i
Due to heteroscedascity of the data (SOL and TWT measurements), drkoggformation

was performed and the Pearsonés correlation
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3 Results

PHILIPS UNIVERSITY
NE

3.1 Baseline

3.1.1Demographics
In table 3.1, thege and gender tie participantsaredisplayed for the three conditions
(SMR-up, Betadownand Control). Most of the participants were female (70.2%dut half

of the participants was aged 45 years or older (56.1%).

Table 3.1
Baseline characteristicd participants in the SMip, Betadown, and control group and the total sample.
SMR-up Betadown Control Total Pt
(n=13) (n=15) (n=13) (n=41)
Gendern (%) .982
Female 9 (692) 11 (73.3) 9 (69.2) 29 (70.7)
Male 4 (308) 4 (26.3) 4 (30.8) 12 (29.3)
Age, n (%) AT7
O 45 ye 7(538 7 (46.7) 9 (69.2) 23 (56.1)
> 45 years 6 (462) 8 (53.3) 4 (30.8) 18 (43.9)

1Chi-square tests.
Note: There were no significant group differences.

3.1.2 Baseline measures (pfest)
In table 3.2, the &iseline measuremerds sleep quality (PSQI), insomnia severity (I1SI),
fatigue (FAS) and depression, anxiety and stress (DABSiisplayed for the three
conditions (SMRup, Betadown and Control)No significant differences are found
between conditionsenthese measuneens. Therefore, the randomization procedure was

successful

Table 3.2
Baseline scores on sleep quality (PSQI), insomnia severity (1SI), fatigue (FAS) and depression, anxiety and stres
of participants in the SMRp, Betadown, anccontrol group.

SMR Beta Control pt

(n=13 (n=1H (n=13

M (SD M (SD) M (SD)
Disturbance inleep 7.15(2.88 8.53(2.8H 8.00(2.20 401
quality (PSQ)
Insomnia SeveritylGl)  14.69 (2.72 14.79 (4.4% 15.08 (3.2 .960
Fatigue FAS) 21.17(7.02 1853(4.99) 2092(7.57) .503
Depression (DASS) 3.31(4.07) 4.73(4.30 4.15 (5.63 452
Anxiety (DASS) 3.15(3.72 3.27 (3.53 1.85 (1.77 .563
Stress(DASS) 9.31(6.64) 9.33 (5.69 9.92(7.4) .994

1 Non-parametrical KruskalWallis rank sum tes for DASS subscales,oneay ANOVAGs for the
Note: PSQI = Pittsburgh Sleep Quality Index scorei (1), ISI = Insomnia Severity Index {028), FAS = Fatigue
Assessment Scale (1%0), DASS = Depression Anxiety Stress Scales, Dep xd3sjpn scale of the DASS{®2), Anx
= Anxiety scale of the DASS (042), Str = Stress scale of the DASS (02).

Note: There were no significant group differences
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According to the generally accepted-ofit score (PSQI > 5), the average PSQI saufr

participants in all groups (7.92) indicates poor sleep quality in the sample. However, the
average score on insomnia severity (ISI, 14.85) is close to, but does not indicate clinical
insomnia in the sample as the-cit score lies at 15. The averafggigue (FAS) score (20.1)

also lies close to the coff score (> 21), but does not indicate substantial fatigue in the

sample. Average depression (4.10), anxiety (2.78) and stress (9.51) scores as measured by the
DASS show normal levels as the -ait scores for clinically relevant issues respectively lie
at>10,>7, and> 11.

3.1.3Drop-out
Forty-oneparticipants strted the study by participatiam the onsite intake. In total, 35
partidpants completed thetudyphase (3@ays) Six participants ebpped out for different
reasons (e.g. technical issues, personal issuesBrtapputs ancdompleters did nadiffer
significantlyon demographicdt appeared that dropouts were more inclined to have lower
depression scores and lovatigue levels thaadherersHowever, the number of
participants &énd dropouts) wa®o lowto performreliable statistical analyses these
differences.

3.2 Primary outcomes

Table 3.3 shows that a significant improvement over time was found for sleep quality (PSQI
and $eep diary) and insomnia severity (I3but not for heah watch and sleep diary
measurementsn sleep onset latency (SOL). Comparisons between the experimental groups
and the control group only showed a significant condibigitime interaction effect lheeen

the Betadown and control group dBOL measured by the healvatch, indicatinga
marginallysignificantimprovement over time on SOL in the control condition as opposed to
adeteriorationn the Betadown conditionNo other significant conditicby-time

interactions were found, thus showing that one treatment does not work better than another in

improving the primary outcomes.
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Table 3.3
Primary outcome measures and results of mixed model analysis.

Time effect F (P)

Conditionby-time interadbn, F

(P)
QOutcome Time SMR-up Betadown Control SMR-up- Betadown-  SMR-up- Betadown-
(n=13) (n=15) (n=13) Control Control Control
M SE M SE M SE

Sleeponsetlatency (SOL) Wk. 1 14.43 3.30 14.67 3.56 19.18 3.08 1.28 (.280) 0.62(.604) 2.78(.040)*
Philips Health WtchZ Wk. 2 16.44 3.02 22.71 3.49 16.45 2.88

WKk. 3 1221 2.87 21.78 3.34 16.37 2.83

Wk. 4 16.11 2.95 25.06 3.35 15.21 2.85
Sleep onsetltency (SOL) Wk. 1 31.89 7.39 40.42 6.98 24.87 7.47 1.98 (.116) 1.23(.298) 0.32(.810)
Consensus Sleepi@y 7 Wk. 2 19.07 7.61 31.15 6.98 28.57 7.52

WKk. 3 21.79 7.46 30.04 7.18 22.30 7.65

Wk. 4 19.56 7.40 31.96 7.42 22.23 7.67
Disturbance irSleep Quality Pre 7.15 0.80 8.54 0.74 8.00 0.80 16.40 (.000)*** 1.96 (.174) 0.35(.560)
(PSQI)Z Post 6.59 0.82 5.91 0.78 5.93 0.82
Sl eep Quality Wkl 4.96 0.33 5.40 0.31 5.60 0.34 6.58 (.000)*** 1.69 (.169) 0.15 (.927)

Wk. 2 5.80 0.34 5.64 0.31 5.83 0.34

Wk. 3 5.69 0.34 5.90 0.32 5.98 0.34

Wk. 4 5.74 0.34 5.82 0.33 5.83 0.34
Insomnia Severity (IS Pre 14.69 1.08 14.80 1.04 15.07 1.08 28.53 (.000)*** 0.40 (.535) 0.05(.824)

Post 11.40 1.12 9.99 1.08 10.71 1.12

Note:PSQI = Pittsburgh Sleep Quality Index scoré @), ISI = Insomnia Severity Index (028).

Note: Meansandstandard deviationdisplayed in the table are predictiedm linear mixed modalcontaining all groups
Note: Sleep onset latency measurements (health watch and sleep diary) were log10 transformed for the analysis.
Note:Arrows (9 or Eble directbfchmngdor dadh ef the eutcome measures.

*p<.05, *p<.01, ** p<.001 (twotailed)
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3.2.1 Pooled analysis
Table 3.4 shows the results of a pooled analysis on sleep quality (PSQI score) including data of
analmostidenticalrancomized controlled trial( = 39 performed by Dan(2016)thatexamined
the use of the Philips Neurofeedback System (PNFS) to enhance SMR and inhibit beta activity to
improve $eep.A significant improvement over time was found for sleep quality (PSQI),
indicating that scores improved in all groups. The pooled analysis shows a significant condition
by-time interaction for the betdown and control group, indicating that sleepldgy improved
significantly more in the betdown group than in the control group. This implies that the-beta
down neurofeedback (NFB) condition works better than the SiplRondition and control

condition in improving sleep quality.

Table 3.4
Pooled PSQscores andesults of mixed model analysis.
Time effect,F, (P) Conditionby-time interaction,
F(P)
Outcome Time SMR-up Betadown Control SMR-up - Betadown  SMR-up- Betadown-
(n=23) (n=25) (n=24) - Control Control Control
M SE M SE M SE
Disturbances in Pre 883 052 888 050 7.83 0.51 49.17 (.000)*** 0.62 (.434) 11.00
Sleep Quality  Post 713 053 6.09 051 6.09 051 (.002)**

(PSQI)Z

Note:PSQI = Pittsburgh Sleep Quality Index scoré @L).

Note: Means and standard deviations displayed in the table are predictedrfeamniixed models containing all groups.
Note:The arrow?Z ) i rsithé desirable direction of change.

* p<.05, *p<.01, ** p<.001 (twotailed)

3.3Secondary outcomes

Table 3.5 shows a significant improvement over time on total wake timeskgigp onset (TWT)

as measured by the sleep diary, fatigue (FAS), depression (DASS), anxiety (DASS) and stress
(DASS) in all groups. No significant improvement or deterioration was fountMor as

measured by the health watch. Comparisons between tharagptal groups and the control

group showed no significant conditiday-time interaction effect on any of the secondary

outcome measures. These results indicate that all groups showed significant improvements on
most of the variables, bubne ofthe graips, and thus treatments, were better than another in

improving the secondary outcomes.
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Table 3.5
Secondary outcome measures and results of mixed model analysis.
Time effect,F, (P) Conditionby-time interactionF
(P)
Outcome Time SMR-up Beta-down Control SMR-up - Betadown- SMR- Control  Beta- Control
(n=13) (n=15) (n=13) Control
M SE M SE M SE
Total wake ime after sleep  Wk. 1 20.63 6.67 21.19 7.27 27.43 6.30 0.08 (.971) 0.72 (.540) 1.54 (.202)
onset(TWT) i Wk. 2 23.09 6.20 29.62 7.15 33.13 5.96
PhilipsHealthwatchZ Wk. 3 21.56 5.94 27.25 6.91 28.98 5.87
Wk. 4 20.32 6.08 36.02 6.92 28.95 5.90
Total wake ime after sleep  Wk. 1 43.87 6.90 37.67 6.53 50.66 6.97 4.66 (.003)** 0.25 (.864) 0.48 (.695)
onset(TWT) i Wk. 2 25.99 7.13 40.72 6.53 38.43 7.01
Consensus Sleepi@y 7 WKk. 3 27.19 6.97 32.68 6.74 38.81 7.15
Wk. 4 36.83 6.91 32.55 6.99 49.96 7.18
Fatigue (FASY Pre 20.96 1.67 18.53 1.53 20.92 1.65 17.40 (.000)*** 0.91 (.351) 1.34 (.259)
Post 18.99 1.67 16.62 1.57 17.34 1.67
Depression (DASSE Pre 3.31 1.09 4.73 1.01 4.15 1.09 13.33 (.000)*** 0.76 (.393) 0.53 (.475)
Post 2.53 1.11 2.06 1.05 2.47 111
Anxiety (DASS)Z Pre 3.15 0.80 3.27 0.75 1.85 0.80 4.95 (.032)* 1.70 (.205) 1.63 (.214)
Post 2.36 0.82 1.52 0.78 1.70 0.82
Stress (DASSY Pre 9.31 1.64 9.33 1.53 9.92 1.64 16.18 (.000)*** 0.21 (.647) 0.01 (.932)
Post 6.35 1.66 7.18 1.57 7.60 1.66

Note: FAS = Fatigue Assessment Scale (180), DASS = Depression Anxiety Stress Scales, Dep = Depression scale of the DIA&E,(Bnx = Anxiety scale of the DASS
(07 42), Str = Stress scale of the DASS (82).

Note: Means and standard deviations displayed in the table are predicted fronmiiredmodels containing all groups.

Note: Total wake time measurements (health watch and sleep diary) were log10 transformed for the analysis.

Note:Arrows (9 or Z) indicate the desirable direction of change for each o
* p<.05, *p<.01, ** p<.001 (twetailed)
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3.4 Agreement between measurement methods

A Pe ar s o nnimentorrelatiandest shows a correlation 88dp < .001)between
Consensus Sleep Diary (CSD) dphilipsHealth Watch PHW) measurments orSOL and a
correlation of 0.42[<.001)betweenCSD andPHW measurements oiWT. These
correlations both indicate a weak to moderate positive relationshigéetive CSD and

PHW measurements

Table 3.5 Agreement between Consensus Sleep Diary (CSD) and Philips HealthRM&th{easurements

Mean CSD MeanPHW Mean Lower limit of Upper limit of r3(P value)
measurement: measurement: differences agreement agreement
(Confidence (Confidence (Confidence
intervals) intervals, % intervals, %
lowery highery
Sleep Onset 24.05 18.45 5.69 (3.33to -57.00 ¢60.94 + 68.20 (64.27 £ 0.49 (<
Latency (SOL) 7.87) -53.06, 0.9%)  72.14,3.8%)  0.001)*
Total Wake Time 37.24 29.29 7.94 (5.04 to -72.16 (77.20+ 88.05 (83.0k 0.20 (<
(TWT)? 10.85) -67.12,2.6%)  93.09, 3.0%) 0.001y**

1In minutes.
2 Proportion of measurement differences outside of limits of agreement.

3r =Pearson correlation between difference and me#mec€SD measumneens and the HW measurens.

As can be seen in table 3.5 and figuBel and 3.2theCSD andPHW measurements
on SOLandTWT were generally clos® each otherThe CSD measurementgre on
average 5.69 minutes higher tHRHHW measurmentson SOLand 7.94 minutes higher on
TWT, indicating t ha&SDrepertsaf SQLiamm dWT veei® onsavebagee c t i v

higher tharwhatobjective PHW measuremeritglicated.

However, the | imits o forbatlyvaraeeseantg frgmL OA G s )
-57.00 to 68.20 minutes for SOL and frei2.16 to 88.0%ninutes for TWT. This indicates
high differencegand thus biashetween subjective (CSD) and objectiil(V) reports of
SOL and TWT. A higher percentage of differences between the CSBHd
measurmens were above the upper LOA (3.8% for SOL and 3.0% for TWT) than below the
lower LOA (0.9% for SOLand 2.6% for TWIl ndi cati ng again that pa
reports (CSD) on SOL and TWT were on average higher than the objectives (E3dvY).
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Bland-Altman plot Sleep Onset Latency (SOL) Bland-Altman plot Total Wake Time (TWT)

Mean diff - 5.6 , Lower LOA: -57 , Upper LOA: 68.2 , Adjusted R?=022 Mean diff.: 7.94 | Lower LOA: -72.16 , Upper LOA: 88.05 , Adjusted R®=0.04
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Figure 3.1 BlandAltman plot Sleep Onset Latency (SOL) Figure 3.2Bland-Altman plot Total Wake Time (TWT)
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Figure 3.3land-Altman plot Sleep Onset Latency (SOL, log10) Figure 3.4Bland-Altman plot Total Wake Time (TWT, log10)

Thedegee ofcorrelation between differences and the mean of the CSBHWd
measureens is 0.49with p < .001on SOL and 0.20 witp < .001 for TWT, indicating a
proportional biadbetween subjective (CSD) and objectifl(V) measurmens on both
variables However, the scatter of values differences increases progressy as average
values increasfigures 3.1and3.2), indicating heteroscedascity the dataand revealing
that higher differences and bias betw#®subjective (CSD) and objectiveHW)
measirenens were found on higheaverageneasurements.

Therefore, the data was loglf@dnsformedfigures 3.3 and 3.4nd the Pearson correlation
recalculatedresulting in a correlation of 0.10 wifh< .01for SOL and-0.18 withp <.001
for TWT, still indicating a proportionabutsmaller,bias on both variables.
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4 Discussion
In this study, we investigated the effects of SMRand Betadlown audioneurofeedback
(NFB) training on (i)sleep onset latengOL), perceived sleep quality, insomnia severity
and (ii) total wake time after sleep on§EWT), fatigue, depression, anxiety and stress.
Furthermore, the agreement and differences betaeaijective Consensus Sleepidby,
CSD) andobjective Philips HealthWatch,PHW) measure o8OLandTWT were

examined.

A significant improvement was found in athnditionson sleep quality and insomnia

severity, but not osleep onset latencyowever,n the SMR or beta\FB training

conditions ndargerimprovementsvere foundon these primary outcom#ésan inthe control
condition. Yet, the pooled analysis on sleep quality (PSQI score) including data of an almost
identical randomized controlled trial (n = 3&@rformed by Danf2016)showed a significant
conditionby-time effect for the beta dowsondition indicating that betaeurofeedback

training worked better in improving sleep qualibysignificant improvement in all groups

was found foall secondary outcomes, exceptal wake timeneasured through thhilips
Health WatchNevertheless, both of the NFB training protocols did not lead to significantly
stronger improvements on the sedary outcomes compared to the control condition
protocol.The comparison of the (subjectiv@dnsensus Sleep Diaaynd the (objective)

Philips Health Watcimeasurements asieep onset laten@ndtotal wake timeshowed high
differences (and thus bias) beten the two measureSubjective (CSD) reports by

participants on the sleep parameters were on average higher than what was objectively
measured (through the PHW). addition,differences in measurements were larger for higher

average measurements.

4.1 Primary outcomes

The results regardingleep onset laten@pOL) are not inline with expectationsas we
expected5OL to decline significantly mora the SMRup conditionas opposed to the
control condition based on previously conducted studies anah@is@hrns et al., 2014;
Cortoos et al., 2010; De Gennaro & Ferrara, 2003; Hoedlmoser et al., 2008; Howe &
Sterman, 1972; Schabus et al., 20HHwever, the findings oBOL were in line with results
of a study bySchabus et al2017) A possible explanation for the differersca the results
found in this study and the aforementioned studaesd be related to differems in the study
protocols All of the aforementionedtudies, including the study by Schabus et al. (2018,

different types oheurofeedbackaudiovisuafeedback and other protocolgn terms of
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frequency, durationcontrol condition protocand spread afieurofeebacksessions)in

addition, each of thestudies used differemb¢lusion and exclusion criteria. Arns et al.

(2014) evenrecruitedfrom a completely differerdample population (adults with Attention
Deficit Hyperactivity Osorder ADHD). Measurement ethods andhtervalsalso vaied
strongly.The study by Schabus et al. (2017) followed a sinméurofeedbackrotocol as the
studies by HoedImoser et al. (2008) and Schabus et al. (2t 4)different experimental
setup provided for a more rigoroushontrolled study then the previoughiscanexplaini t s 6
different outcomes compared to the previously conducted studies by Schabus et al. (2014)
and the similarities of the results to the outcomes of the current Jtuely.ariation in study
protocols & studies examining the effects méurofeedback generalmakes it hard to

compare results.

For expectations regardistpep onset latendgnproved by betaeurofeedbackevidence

was limited, buit indicated potential improveme(rns et al., 2014)Sleep onset latency

did not deline significantly more in the beta NFB condition than in the SMR NFB or control
condition, which was therefore against expectatidhs. results on improvements in sleep
gualityand insomnia severityere in linewith results found by Schabus et @017, 2014)

but against the expectation thlaése outcomes would improve manéooththe SMR-up and
betadown conditiorthan in the combl condition.Thesedifferences may be due to

differences in the study protocol of the current study as opposed to the @ofdabel
aforementioned reference stud{@sns et al., 2014; Schabus et aD]1Z, 2014)

The results of this study regarding the primary outcomay have been influenced by

several factorsSchabus et al. (2017) found that persons with substantial sleep issues exhibit a
lower ability to learn (antbkeup the learning mechamisof neurofeedbagkin comparison

t o fheal tThigmay paeerhadamisfluence on the uptakeeafrofeedbacknd
therefore the results on the primary outcomesis studyResults on the primary outcomes
could also have been negatively influenbgdalack of neurofeedbackaining sessions,

since Hammond et a2011)arguedthat it could takeip to50 sessions faneurofeedbacto

be effectiveThe objective EEG measunens were nbanalyzedtherefore it canndie
detemined to wiat extert SMR EEGactivity was enhanced or beta activity inhibited and the
relation of hese changes with the outcomes cannot be established. In addition, we cannot
confirm or deny if the amount of NFB sessions should be increased. diheabsence of
differential effects of the SMR and beta NFB casobe caused by thigpe of

neurofeedbacksince listening to music alone is reported to have positive effects on sleep
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(Chang, Lai, Chen, Hsieh, & Lee, 2012; Feng et al., 2018; Lai & Good, Z0@d)measures

used toreportsleep during thetudyphasgConsensusleepDiary and Rilips Health

Watch may have also causetiimprovemenbn the primary outcome measunesll

groupssince filling a sleep diary or indicating theention to sleep on theealth wach may

have effects on sleep alrea@@oelema, Willems, Haakma, & Markopoulos, 2016)

Furthermore, nospecific effects such as treatment effects(egqnduced by weekl y
are you?0 mail s s e navedaysedtaplacebo effeceimtheccéneot s) may
condtion for some of the outcomes. Thisakes it harder to distinguish the effects of the

NFB training protocols on the outcomes measufée. strict inclusion and exclusion criteria

of the current study may habad influenced the outcomes of his study as well.

Future research should take into accaavieral methodological aspects, sucthas
reactivityof the measures to report sleep diné effects of the musmomponent of the
neurofeedbackainingon outomes The latter could be done by including a control
condition in which participants wear tRdilips Health Watcland fill in theConsensus Sleep
Diary but do not receive (pseudog¢urofeedbackaining.To rule out part of the treatment
effects, it wold be interesting to see which effects on the outcomes endure after the study
phase and if these effects are stronger in one of the NFB condit@apgposed to the control
condition Sending a followup questionnaire a few months after the end of theygibdse
would bea solutionto ruleout treatment effects amdactivity of themeasures used to report
sleepduring the studyThe results of the pooled analysis show the potentialtagger

sample siz¢o determine the effectsf the bea NFB on sleeguality.

4.2 Secondary outcomes

A significant improvement in attonditionswas found forll secondary outcomes, except
total wake timemeasured through th#hilips Health Watch (PHW)Nevertheless, both of the
NFB training protocols did not lead to si§oantly stronger improvements on the secondary
outcomes compared to the control condition protosaonditionby-time effect was found
for total wake timeas measured by tiHW, butin the opposite directiora deterioration in

the betadown conditionas opposed to an improvement in the control condition

The evidencdase for expectations regarding #esondary outcomes is limited.study by
Schabus et a(2014)indicateda potential decrease in the nugnlef awakenings as a result
of enhancement of SMR activity. Findings by Cortoos gR&l10)regarding the role of beta

activity in wakefulness suggest that inhibition of beta activity may decte@devake time
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However, an unexpected opposite effect was found in the betaicon total wake time
measured through thehilips Health Watcland no significant effects wefeund ontotd

wake timemeasured through tl@onsensus Sleep Diarfgainst expectation, fatigue did not
improve significantly more in theFB conditionsasopposed to the control conditidBince

we expected insomnia severity and sleep quality to improdesince depression, anxiety and
stress levels can be linked to insomnia sevéBgglioni, Spiegelhalder, Lombardo, &
Riemann, 201Q)an improvemendn these outcomes was expected, especially in the NFB

conditions.

Explanations for the resslbn the secondary outcomes could be found in the same factors as
mentioned in the discussion of the primary outcomes (lower learning ability in the sample
population; too few NFB sessions; lack of knowledge on actual changes in EEG activity;
reactivity ofoutcome measures; overall effects of listening to music; treatment effects and the
small sample size). Solutions and recommendations to address these factors in future research

would therefore be similar:

1 Analysis of EEG activity measures duringurofeetiacksessions to determine the
actual effects of theeurofeedbackn activity in the frequency bands of intergki
investigatehow changes in the EEG activity relate to outcoarasto examine the
learning curve of participants in relationttee neuroeedbackraining

1 Includea control condition in which participants wear #i@lips Health Watcland
fill in the Consensus Sleep Diabyt do not receive (pseudogurofeedbackraining.

1 Include afollow-up measuremerdfter the study phase to rule dtrgatmaet effects,
reactivity of measures used to report sleeg @ examine the endurance of effects of
theneurofeedbackraining onoutcomes.

1 Increase sample sizes

4.2.1Comparison of measures
Research indicates that it is to be expected that siugeeports on sleep parameters are
higher than what is objectively measuesd that these differences increase with higher
average measuréBaker, Maloney, & Driver, 1999 he conparison of the subjective
Consensus Sleep Diary (CSD) and the objed®ivdips Health Watch (PHWheasurements
onsleep onset latenc$OL) andtotal wake time TWT) in the current studghowed high
differences (and thusias) between the two maaes.Subjective reports by participardaa

sleep parameters (through the CSD) were on average higher than what was objectively
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measured (through the PHWhis indicatesimilar resultsas in the study by Baker,
Maloney & Driver (1999) In addition differences in measurements were larger for higher

average measurements.

A finding by Fonseca et al. (2017) could have influenced the |attely found that the
Philips Health Watcland the PP&ased sleeptaging algorithm used in the current study
have the tendency to underestimslgeep onset laten@ndtotal wake timavhen they
increase beyond 15 minutes. This may have caused a higher difference in the measurements.
Results of the current studlydicate that measurements of tbensensus Sleep &y andthe
Philips Health Watcldiffer substantially and should not be compared on an absolute level
However,they can be compared when logit@nsformede.g., for describing the effeat$

an intervention)This is an important finding for clinical prce as it is advised that both
objective and subjective measures are incorporated into clinical studies, due to their
complementary aspects (e.gneasuringsleep qualityVan De Water et al., 2011; Zhang
& Zhao, 2007) In addition, a recommendation for future research would be to compare
Philips Health Watcland @Wnsensu$sleepDiary measuremds to polysomnography
measurements Examinehow these alternative methods to measure and reportrelaépto

thehgol den standardo.

4.3 Strengths and limitations

This study has various strengths and limitatioftse use of objective and subjective huats

to measursleep and describe effects of neurofeedbsekstrengthThe comparison of the
two methods may improve interpretation of resiHigthermore, theeurofeedbackontrol
protocol can be seen as a strength since it allows participanesdontrolconditionto

receive a similar intervention gsarticipants in the experimentbnditiors, even thougthey
receive pseudneurofeedbackaining. Another strength othis study is that it is one of the
first studies exploringt-homeaudioneunfeedbackraining to enhance SMR activity and
inhibit beta actrity. The high amount of applicatier(412) for tlis study showsninterestof

the target populatiom the goplication ofneurofeedbackor improvingsleep. This reflects

the need for devepament of alternative methods to improve sleep (besides pharmaceutical
and norpharmaceutical options) and therefore confirms the relevance of this study. Another
strength of tis study is the inclusion of a followp measurement two months after the
outtale. Byincluding this measumeent we can examine #ffects on the outcomes endure
after the study phase and if these effects are stronger in oneNffBheonditionsas opposed

to the control condition. The followp measuremestfor this study arengong. Initial
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preliminary analyses indicate strongarduring effects on some of the outcomes in the Beta

NFB condition as opposed to the SNNEB and the control condition.

Limitations of ths study lie in the relatively small sample and the potentiakiregcof the

measurement methods. Besides being a strength of the studgutioddeedbackontrol

protocol may be a limitation as wgllue to the positive effects that music can have on sleep.

Even thougtparticipants in the control conditiamere recearing pseudmeurofeedbackhey

listened to music just like the participants in MEB conditions. Thisnakes the effects of
theneurofeedbackainingas opposed to the effectslistening to music alone hatd

distinguish Another limitationis that EEG measunmments were not analyzed atindt it

cannot be det er mi ned neufofegdbackiainingisgssionstiforain ad e n
activity was actually influenced and in which way, and how the changes in brain activity are

related to the outcome&nother limitation lies in the strict inclusion and exclusion criteria,

which might negatively affect generalizability of the results of this study.

The changes in the study protocol after the RCT examiningsthef the Rilips audio
Neurofeedback Sysmto enhance SMR and inhibit beta activity to improve sleep performed
by Dam(2016)had several advantages and disadvantages. The inclusion oilthe Realth
Watchinstead othe Philips Respironics Actiwatch 2 has provided better objective
measuremds of sleep. Furthermore, the inclusiorttod Insomnia Severity Index (IS),

Fatigue Assessment Scale (FAS) and Depression Anxiety arss Sttales (DASS) as
outcomes ld to a more complete viewof the problems of the sampgbdepulationand the

effects ofneurofeedbackraining on these issues. However, the changes in the protocol
ensured thatomparisons of effects amdmbination ofdata to drawirmer conclusionge.g.,

using pooled analysis) wast possibldor most of the outcomes.
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4.4 Conclusionand recommendations for future research

Our study provides no (clear) evidence for the effectiveness of neurofeedback (either SMR
up or Beta down) on sleépleep onset latencperceived sleep quality, insomnia severity,

total wake timeor fatigie), depession, anxiety, astressThe comparison of th€onsensus
Sleep Diary(CSD)and thePhilips Health Watch (PHWheasuremats on sleep onset
latencyandtotal wake timan the current study hdedto several fndings that are important

for the use of (ombination of) the CSD and PHW in clinical practice. This s&idyws

that potentiakffects of SMRandbr betaneurofeedbachkn sleepmight be revealed after
addressing several methodological isstié following recommendations for future

research cahe givenbased on the results of this study

1 Analysis of EEG activity measures duringurofeedbackessions to determine the
actual effects of theeurofeedbackn the frequency band$ ioterest, to investigate
how changes in the EEG activity relate tdammes and to examine the learning curve
of participants in relatioto the neurofeedbadkaining.

1 Include a control condition in which participants wearRhdips Health Watcland
fill in the Consensus Sleep Diabyt do not receive (pseudogurofeebacktraining.

1 Include a followup measurement after the study phase to rule out treatment effects,
reactivity of measures used to report sleep and to examine the endurance of effects of
theneurofeedbackraining on outcomes.

Increase sample sizes

Take into account the type akurofeedbace nd it sdé pot ento al ef fe
outcomes in the study design.

Increase the amount neurofeedbackessions and duration studyphase.

Use subjective and objective measures to report sleep and cahgseeo each other

and the Agol den st anpblysordnography sl eep measur
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Appendices
Appendix 1: The Philips Audio Neurofeedback System

Description of functionality

The Philigs Audio Neurofeedback System (PNFS) convegdtime feedback on activity in certain

bands in the EEGpectrum through changes in quality of music, specifically by removing the low
frequency components of the music (bass toimetsie audio output of thiablet on which participants
listen to their favorite musicl he removing of the low frequency components occurs with a simple

first order high pass filter with a slope of 6 dB per octave (figure A.1).

2 2000 Frequency (Hz) —»

Figure A.1: Representation of a high pass filtehveitslope of 6dB per octave (Dam, 2016)

Thecutof f frequency of the high pass filter depend:
in the EEG frequency band of interest. In the current study, the frequency band of interest lies in the

range of B to 15 Hz for the sensorimotor rhythm (SMIR) training and at 15 to 30 Hz for the Beta
(Betadown) training.Forthe SMRup training this mearthat when activity in the SMR frequency

band is high, the highass filter is not applied and participantslWwéar music containing all
componergresulting in a more pleasant music experience. A lower activity in the SMR frequency

band results in the applicatioh a highpass filter leadingtmu si ¢ sounding | ess | ou
therefore much less pleasaltr the Betadown training this means the opposite. High activity in the

Beta frequencyangeresults in the application of the higlass filter, whereas low activity is

stimulated and trained by not applying a hjgss filter.n the control conditionthe cutoff

frequency shifts in accordance with peeorded EEGecordings of another individual than the

participant using the PNFS. Therefore, stimulatioadaiivity in the EEGfrequency bands is

firandomo.

EEG power levels are not constant over tiffe be able to change the music with changing power
levels in the brain, the EEG signialdivided into epochs of fousecondseach containing 8

measurement points per secoBthce EEG power differ between persons, minimum and maximum
(acceptable) levelwere estimated per person using the 15% (minimum) and 85% (maximum) percent

point of the cumulative distribution of the EEG power over the previous epochs of the §Eiggion
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A.2). The weight of the previous EEG powettle distribution is subject tox@onential decay. That
is, as time that has passed since the previous epoch increases, the weight decreases exponentially

.,H.L.ps UNIVERSITY
&

(Figure A.3). As a result, the distribution of the previously measured EEG power is influenced more

by recent epochs, than by past e

Distribution of EEG-power

Welahted Frequeney

EEG-power [microV)

Figure A.2: Weighted distribution of the means of the previous four epochs (Petit, 2017).

weight

current ;;Joch =0
Figure A.3: Exponential decay of the weights of previous epochs (Petit, 2017).

Eighttimes per second it is measured whether the current EEG power excéaisbehind the
previously measureti5% and 85% percent points of the cumulative distribution oEE® power
Depending on the condition, the highss filter is then either applied or not resulting in a better or

worse experience of music quality.
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Description of the Philips Audio Neurofeedback application

The Philips Audio Neurofeedbadpplicationstarts with a short explanation and a mood assessment
guestionnaire (figure A.4). Next, a schematic dravahthe headphone and the electrodes is
displayed. Thepanesthat repesent the electrodgsirn greerwhen disruption®f the EEG signalare
minimal (figure A.5). If disruptions in the signal are substantial, the pads in figure A.5 will stay red
and the participant cannot start the training uhglsignal is of good quality. When the pads have not
turned red for 10 seconds, the audio neurofeediarkngsession can start. The participanthisn
directed to a screen where ¢reshecan see what song is playjrapoose a playlist and navigdiack

and forth between songs (figure A.6). The participant will then listen to his or her favorite music,
while audio neurofeedback is provided as described in the previous section. The participant can view
his or her EEG signal during the audio neurofeetttsession by clicking on the arrow displayed in
figure A.6 (figure A.7).

BOb . £ X 97381638

NEUROFEEDBACK

Signaal controle

De indicatoren
moeten minimaal 1
seconden oranje of

groen zijn om verd:
te kunnen met de
training. Kleuren

de indicatoren niet
groen of oranje, dan
dient u extra water
toe te voegen op de
elektrodes en/of op
de hoofdhuid waar de
elektrodes contact
moeten maken.

Figure A.4: Mood assessment questionnaire screen (Petit, 2 Figure A.5: Signal check screen (Petit, 2017)

NEURDFEEDBACK
NEUROFEEDBACK

Listen to the music

Procol Harum | A Whiter Shade Of Pale

Figure A.6: Audio neurofeedback training screen (Petit, 201" Figure A.7: EEG signal screen (Petit, 2017)
After ten minutes of audio neurofeedback, participants are automatically directed to a screen

where a game can be chos€onsequently, they play the chosen game for 5 minutes. After 5
minutes, participantsra automatically redirected back to the audio neurofeedback training
screen (figure A.6). After completing another 10 minutes of audio neurofeedback training,
participants are directed to the mood assessment questionnaire (as displayed in figure A.4).
After completion of the questionnaire, the application logs out itself.
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Note Parts of the description of the functionality of the PNFS and the description of the

application are taken from the following reports:

1 Dam, J. (2016)The effect of Neurofeedback perceived sleep qualifiaster
thesis). Retrieved fronittps://essay.utwente.nl/70960/1/DAM_MA_BMS.pdf

1 Petit, F. (2017)The effect of the Philips Audio Neurofeedback System on Sleep
(Unpublished Bachelor thesis). Universiteit Utrecht, Utrecht, tiaédiands.
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Appendix 2: Pittsburgh Sleep Quality Inventory (PSQI) questionnaire
Pittsburgh Sleep Quality Index

De volgende vragen hebben betrekking op uw slaapgewoonten gedurends de afgelopen maand. Noteer het antwoord dat voor u het meest van toepassing was

gedurende de afgelopen maand. Beantwoord alstublieft alle vragen. Het invullen van deze vragenlijst duurt ongeveer 5 minuten

1. Deelnemersnummer *
Het deelnemersnummer dat u bij Philips hebt gekregen

2. Datum
Vandaag (yyyy-mm-dd)

2019-04-19

3. Hoe laat ging u 's avonds gewoonlijk naar bed gedurende de afgelopen maand? *
24-uurs formaat (hh:mm). Gebruik 23:00 voor elf uur 's avonds, 00:00 voor middernacht.

4. Hoeveel minuten duurde het de afgelopen maand gewoonlijk voordat u 's nachts in slaap viel? *
Minuten

0

5. Hoe laat stond u tijdens de afgelopen maand 's morgens gewoonlijk op? *
24-uurs formaat (hh:mm). Gebruik 23:00 voor elf uur 's avonds, 00:00 voor middernacht.

6. Aan hoeveel uren slaap kwam u per nacht in tijdens de afgelopen maand? *
Dat aantal kan verschillen van het aantal uren dat u in bed doorbracht. Maak een schatting met minimaal 1 cijfer achter de komma, waarbij je de komma moet
vervangen door een punt

0

7. Hoe vaak had u tijdens de afgelopen maand moeilijkheden met slapen, omdat u niet in slaap kon vallen binnen 30 minuten? *
Nist Minder dan éénmaal per week Eén of tweemaal per week Drie of meermaals per week

8. Hoe vaak had u tijdens de afgelopen maand moeilijkheden met slapen, omdat u midden in de nacht of in de vroege morgen wakker
werd? *

Niet Minder dan éénmaal per week Eén of tweemaal per week Drie of meermaals per week

9. Hoe vaak had u tijdens de afgelopen maand moeilijkheden met slapen, omdat u naar het toilet moest gaan? *
Nist Minder dan éénmaal per week Eén of tweemaal per waek Drie of meermaals per week

10. Hoe vaak had u tijdens de afgelopen maand moeilijkheden met slapen, omdat u niet gemakkelijk kon ademhalen? *
Nist Minder dan éénmaal per week Eén of tweemaal per waek Drie of meermaals per week

11. Hoe vaak had u tijdens de afgelopen maand moeilijkheden met slapen, omdat u luid hoestte of snurkte? *
Niet Minder dan éénmaal per week Eén of tweemaal per week Drie of meermaals per week

12. Hoe vaak had u tijdens de afgelopen maand moeilijkheden met slapen, omdat u het te koud had? *
Niet Minder dan éénmaal per week Eén of tweemaal per week Drie of meermaals per week

13. Hoe vaak had u tijdens de afgelopen maand moeilijkheden met slapen, omdat u het te warm had? *
Niet Minder dan éénmaal per week Eén of tweemaal per waek Drie of meermaals per week

14. Hoe vaak had u tijdens de afgelopen maand moeilijkheden met slapen, omdat u nachtmerries had? *
Nigt Minder dan éénmaal per week Eén of tweemaal per week Drie of meermaals per week

15. Hoe vaak had u tijdens de afgelopen maand moeilijkheden met slapen, omdat u pijn had? *
Nist Minder dan éénmaal per week Eén of tweemaal per week Drie of meermaals per week

16a. Hoe vaak had u tijdens de afgelopen maand moeilijkheden met slapen, om een andere reden? *
Niet Minder dan éénmaal per week Eén of tweemaal per week Drie of meermaals per week

16b. Omschrijf deze reden:
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17. Hoe zou u uw slaapkwaliteit tijdens de voorbije maand beoordelen? *
Zesr goed Redelijk goed Eerder slecht Zeer slecht

18. Hoe vaak nam u gedurende de afgelopen maand geneesmiddelen in (al dan niet voorgeschreven) als hulp bij het slapen? *
Niet Minder dan éénmaal per wesk Eén of tweemaal per week Drie of meermaals per week

19. Hoe vaak had u het de afgelopen maand moeilijk om wakker te blijven tijdens het autorijden, het eten of deelname aan een sociale
activiteit? *
Niet Minder dan éénmaal per week Eén of tweemaal per week Drie of meermaals per week

20. In welke mate was het de afgelopen maand voor u een probleem om met voldoende enthousiasme uw dagelijkse activiteiten uit te
voeren? *

Helemaal geen probleem Een klein beetje een probleem Een beetje een probleem Een heel groot probleem

21. Heeft u een bedpartner of een kamergenoot? *

Geen bedpartner of kamergenoot (ga verdert naar 'Submit’) Partner of kamergenoot in een andere kamer
Partner in dezelfde kamer, maar niet in hetzelfde bed Partner in hetzelfde bed

22. Indien u een bedpartner of kamergenoot heeft, vraag deze hoe vaak u tijden de afgelopen maand luid snurkte?
Niet Minder dan éénmaal per week Eén of tweemaal per week Drie of meermaals per week

23. Indien u een bedpartner of kamergenoot heeft, vraag deze hoe vaak u tijden de afgelopen maand lange ademhalingspauzes had
tijdens het slapen?
Niet Minder dan eénmaal per wesk Eén of tweemaal per week Drie of meermaals per week

24. Indien u een bedpartner of kamergenoot heeft, vraag deze hoe vaak u tijden de afgelopen maand trekkende of schoppende benen
had tijdens het slapen?

Niet Minder dan éénmaal per wesk Eén of tweemaal per week Drie of meermaals per week
25. Indien u een bedpartner of kamergenoot heeft, vraag deze hoe vaak u tijden de afgelopen maand periodes van verwardheid had
tijden het slapen?

Niet Minder dan éénmaal per wesk Eén of tweemaal per week Drie of meermaals per week
26a. Indien u een bedpartner of kamergencot heeft, vraag deze hoe vaak u tijden de afgelopen maand een andere rusteloosheid had
tijdens het slapen?

Niet Minder dan éénmaal per week Eén of tweemaal per week Drie of meermaals per week

26b. Omschrijf deze andere rusteloosheid die u had tijdens het slapen de afgelopen week volgens uw bedpartner of kamergenoot:

Verzenden
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Appendix 3: Insomnia Severity Index (ISI) quesibnnaire

Insomnia Severity Index

Geef bij elke vraag het antwoord dat het meest nauwkeurig overeenkomt met je slaappatroon in de afgelopen maand.

Deelnemersnummer *
Het deelnemersnummer dat u bij Philips hebt gekregen.

Datum
Wandaag (yyyy-mm-dd)

20190419

1. Moeite met in slaap vallen. *
) Geen O Licht © Matig © Ernstig © Zeer ernstig

2. Moeite met doorslapen. *
0 Geen O Licht © Matig © Ernstig © Zeer ernstig

3. Problemen met te vroeg wakker worden. *
) Geen O Licht © Matig © Ernstig © Zeer ernstig

4. Hoe tevreden ben je met je huidige slaappatroon? *
O Zeertevreden © Tevreden O Neutraal © Ontevreden O Zeer ontevreden

5. In hoeverre vind je dat je slaapprobleem je dagelijks functioneren VERSTOORD? *
o Helemaal niet © Een klein beetje O Enigzins © Erg © Heel erg

6. Hoe MERKBAAR is het voor anderen dat je slaapproblemen je kwaliteit van leven verslechteren? *
) Helemaal niet © Een klein beetjie  © Enigzins © Erg © Heel erg

7. Hoe BEZORGD ben je over je huidige slaapproblemen? *
) Helemaal niet © Een klein beetje  © Enigzins © Erg © Heel erg

Verzenden
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Appendix 4: Fatigue Assessment Scale (FAS) questionnaire

Fatigue Assessment Scale

De volgende vragen gaan over hoe u zich normaal gesproken voelt. U kunt per uitspraak kiezen uit vijf antwoordcategorieén, variérend van 'nooit' tot "altijd'. Wilt u het
antwoord dat het beste bij uw gevoel past kiezen?

Deelnemersnummer *
Het deelnemersnummer dat u DI] PhlleS hebt gekregen

Datum
Vandaag (yyyy-mm-dd)

2019-04-19

1. Ik heb last van vermoeidheid. *
O Nooit © Soms © Regelmatig © Vaak © Altijd

2. Ik ben gauw moe. *
© Nooit © Soms © Regelmatig © Vaak © Altijd

3. Ik vind dat ik weinig doe op een dag. *
O Nooit © Soms © Regelmatig © Vaak © Altijd

4. Ik heb genoeg energie voor het leven. *
© Nooit © Soms © Regelmatig © Vaak © Altijd

5. Lichamelijk voel ik me uitgeput. *
© Nooit © Soms © Regelmatig © Vaak © Altijd

6. Ik heb problemen om met dingen te beginnen. *
o Nooit © Soms © Regelmatig © Vaak © Altijd

7. Ik heb problemen om helder na te denken. *
© Nooit © Soms © Regelmatig © Vaak © Altijd

8. Ik heb geen zin om iets te ondernemen. *
© Nooit © Soms © Regelmatig © Vaak © Altijd

9. Geestelijk voel ik me uitgeput. *
O Nooit © Soms © Regelmatig © Vaak © Altijd

10. Als ik ergens mee bezig ben, kan ik mijn gedachten er goed bijhouden. *
© Nooit © Soms © Regelmatig © Vaak © Altijd
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Appendix 5: Depression Anxiety Stress Scales (DASS) questionnaire
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