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Objective: Nighttime sleep disturbancaseimportant noamotor symptoms (NMS) and key
determinants of health related quality & I[HRQoL)in patients withParkinson's disease

(PD). TheParkinson’s KinetiGraph (PKZan be used as an objective measure of different
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motor statesndperiods of mmobility mayreflect episodes of sleep. We aimedevaluate
whetherPKG can be used asmabjective marker of disturbed nighttime sleepi

Methods: In this prospective comparative study, data from PKG recordings over six
consecutiv4-hour periodsire compared with Hausdraries and scales focusing on motor
state, sleeprandRQoL in PD-patients 33 “nonsleepy”PD-patients(PD-NS) were
compaedwith 30 PDpatiens presenng with excessive daytime sleepind®D-EDS). The
groups were matched for age, gender and Hoehn and Yahr state.

Results: Ingthe PBEDS groupsubjective sleepeportscorrelated with the PKG’s parameters
for quantity.and quality nighttime sleep bt in thePD-NS group. Tere were no
significant'eorrelations of the nighttimeeep quantity parameters dauserdiary with
subjectivesleepperception, neither in the BDS nor in the PBNS group.

Conclusions:This first PKG based study of nigtitne sleep in PD suggeghatPKG could

be used t@rovide an asy to use and rough evaluation of aspectsgifttime slee@nd one
that could flag patients where polysomnography may be requiratedpy PBpatients, for
instancegquantity and quality PKG parameters correlate with different aspects ofikkeep

insomnia, parasomniggstless legs syndrome.

Introduction

Sleep disturbances Parkinson’s diseasPD) arecommon,complex and multifactorigll-3]
as well asamajor determinant dfealth related quality of lifeHRQoL) [4-7]. Excessive
daytime sleepiness (EDS) can be a sifidisturbed nighttime sleep in PD-patients [8-10].
Thereis a need t@ssess the underlying reasmireatmenisto be tailored tahe specific
patient case and thlepecificsleep dysfunction [2, 3Assessment requirebjectivesleep
evaluation using polysomnography (PSG) regarded as gold standard.

However, inmany countries such facilities are matlely availableandPSGcan not be
routinely.used.as a screening taslthisrequires overnight hospital admission as well as
considerable-elinical timand costs.

TheParkinson’s KinetiGraph (PKG), a system consisting of algorithypesating on wrist
worn triaxial'accelerometrycan be usetb objectivdy measure dierent motor states
througheut'thelay [11].An association between daytime sleep and the PKG’s measurement
of immobility has been reported [12] but the efficacy of PKG in monitaslagp at
nighttimehas never been assessi&shects of tturbed nighttime sleeganbe assessed in

clinic by self-declarationin questiomairesor diaries Absence of movement, measured by
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actigraphycan act aa proxy of nightime sleep and correlates with PSG and subjective sleep
measuresgtable 1)[13-17].
In thisrespectthe PKG could be useful in linking measures of nigte sleepand motor
parameters of Pl home conditions. Thaim of this study waso evaluate theeliability of
PKG as a objectiveremotemarker of disturbed nighttimgeep inPD-patients.
In this study we relied on the following a priori presumptions:

e Periodimmobile as recordetly PKGof at least 14 minutes is regarded as an episode

of “normal” sleep(table 1)

e Fragmented periods of mobility as shown by PKG woutlicizie “dsturbed” sleep
during night meaning the patient being awake or having abnormal sleep due to
movements (e.g REM behavior disordeBD), Restless Legs SyndromRL(S)
(table*yrand[17]).

e Sleep.assessment by PKGi@vever, noa measure of sleep architectfwe which
PSG.is essential.

e PKG hasbeenompared andalidated against daytime PS$&GPD [12].

Furthermere, we have relied on a repository of published literature outlining tle@ewidf
actigraphy and'diargssessmentghich have been used as surrogate measures for sleep in
general as well as iAD (iable 1).

Methods

Patients

We included non-dementgehtients with a diagnosid @iopathicPD based on the UK Brain
Bank criteria[28,529]treated at King €ollege HospitalLondon.All subjects provided

consent andsthesstudy was approvedheyethical committee (UREC reference
13/L0O/1930):

Patientsverescreened usingpworth Sleepiness ScofleSS)[30] to selectPD-patientswith
significant daytime somnolencdeD-patientswvhose ESS was 12 or higher were considered to
suffer from EDS (PEEDS group). Whereas PDagientswith ESScut off score ofess than

10 points were considered to havesignificantdaytime sleepiness anglerereferred taas

“non-sleepy (PD-NS group). Those with ESS scores of 10—11 in screening were not
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assesseturtherfor the study to avoid overlap of PEDS and PENS group. For comparison
both groupsverematched for age, gender and Hoehn and Yahr state.

Exclusion criteria included patientghose medications were not stable four weeks jnor
till the endof the study. Furthermore, patients with concomitant diseases causing sleep
problems(eigobstructive sleep apnoea syndr@8&A0, severe obesitythe use of
sedatives/hypnatg) or conditions interfering PEassessmerge.g. mentia) were excluded.

Assessments
* Patients’history and medicatiorevodopa equivalent dosages (LED) [31]
» Mini- Mental State Examination - ptients with<24 points were not included [32]
* Motor assessments:
- SCOPA motorpartA, B, C[33, 34]
- Unified Parkinson's disease rating scal®DRS part 1V [35]
- Abnormal involuntary movement scalkli1S) [36, 37]
- Hoehn & Yahr stee [38].
» Non-motorandlsep assessments
- Non-motor symptonguestionnaire (NMSQuesf39]
- Epworth Sleepiness Score (ES3)]
- Parkin®n’s Disease Sleep Scale (PD5F40]
- Hospitd Anxiety and Depression Scale (HADRL]
HRQoL was assessed by meanshefPD quality of life questionnaireRD8) [42].
The PKGwas wornat homeon the more affected wrist for six consecutiveltzur periods.
It was only remaved for washing or showering. Over the same period, 24Haussr
diaries were completed 8] with nighttime being reported either in wake periods at night or

retrospectively in the morning

Evaluationrof'PKG and Hauser-diary

The PKG(Glebal Kinetics Corporation, Australiases acelerometry to collect movement
data, and.algorithnthatgenerate scores for bradykinesia (BK) and dyskinesia (BdQre
la) [11] Furthermore periods of immobility are repor{éidure 1b and 1cks well as the
output of a sensor recognising whers off-wrist [12]. Periods of immobility are defined as
two minute epochin which the output of the BKeore algorithm reportedsaoreat or

below the threshold of -80 beimgnsistent with complete immobilifiL2]. As summarised in

table 1, on the basis of published reports, these periods of immobility have a 85%
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concordance with the detection of sleep by ambulatory daytime PSGh%2hce of
movemengt nighttime measured by actigrapimas88-96.5% concordance timme asleep
compared to overnight PSG [16, 20, 27] and highly correleitbsPSG for differentiating
sleep from wake stat¢$4, 16, 26, 43].

As we compared the Hausdiary asa subjective and the PKG asobjective measure of
sleep, we have predefined to analyse the time period of 8PM till 8AM for the oceuatenc
sleep episodes as this time period should captost likely the majority of nighttime sleep

of all included patients.

Sleep aslenoted byPKG was defined with the following concepts:

Parameters for sleep guantity:

* duration efnighttimeest: total time from the firsinsetof immobility (defined as the first
occurrencesef.at least 14 minutgfscontinuous immobility (7 consecutive 2 minute epochs)
after @M)until'theend of the last immobilitgegmen{defined as the last occurrence of at
least 14 minutes of continuous immobility prior #&N\3) in minutes(figure 1b,c)

* duration (ofsleep: otal numberof individual “sleefi segmentsn minutes in thelurationof
nighttimerest The central two minutes of a 14 minutemobility segmen{7 epochsare
called “sleep™when the subject is immobile for 4 of the 7 epochs constituting thamdi4 m
period(figure 1b,c)

* duration of wakefulness: durationmfjhttimerestminus duration of sleeffigure 1b,c)

Parametersforsleep quality:

* Proportion.oftimgPTI) asleep percentage ofsieep (as defined aboyef the duration of

rest

* PTI adeep >20minThese are defined as periods of 10 or more consecutive epochs (at least
20 minutespf “sleep (as deiined above). This is to distinguisbntinuous “sleepfrom
fragmented sleep or “sleep with many motor intrusionslhe amount of time spéem this

state was expressed as a percentage of the duration of rest to give a proportion of time in
good quality sleep.

* PTI anake >20minThese are defined as periods of 10 or more consecutive epochs (20
minutes) of wakefulness (i.e. not isléep as defined above). We have assumed that these
longer episodes of continuous movement most likely represent periods where theisubjec
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not seeking to sleep amelferred to asvake periodsThe amount of time spent in this state
was expressed as a percestafthe duration of rest to giveoportion of timeébeingawake
Sleep aslenoted byHauser-diary was defined with the following concepts:

* duration of sleep: total time of marked 30 min periods of beislpég between 8PM and
8AM in minutes(figure 1d)

* duration ©of wakefulness: total time of marked 30 min periods of [@eirdke marked as
“off”, “on”, 'with™“non- troublesome dyskinesia” or “troublesome dyskinesia” siateveen
8PM and 8AM in minutes (figure 1d)

Statistics

For statisticallanalyses ti2d-hour assesnent of the PKG and the Hauskary was
separated to daytimend nighttimgdefined as the time betweeR M till 8AM the next day).
Therefore data of 6 days and 5 nights was obtained.

Parameters eretestedfor normal distribtion using Kolmogorov-Smirnov-Zest. Statistical
analysedor.comparisonsvere performed usingtest for normal disibuted values and
MannWhitney-test for not normal distributed values. Associatiocatégoricaparameters
was testedwsgChi-Squaretest.Correlation analyses were performed with the Spearman
rank correlatiorcoefficient(rs-value) The correlationvas consideredweak” if the rs-value
was<0.3, “moderate” if0.3-0.5, “high” if >0.5.A p-value ofless tharD.05 was considered to

indicate statistidasignificance.

Results

Baseline characteristics and clinical outcome measures

200 PD-patients'were screengdth the ESSn a movement disorders clinic ove6 month
period.Qut of-these86 patients with idiopathic PD could besessd with the PKG and
Hauserdiarywhereasn the restfurther assessent was not performed owing to either an
ESSscoreof 10-11 or due tdulfilling exclusion criteria (see methods$jurthermore, 2BD-
patients werexcludedrom statistical analysesecause ofhon-compliarcewith Hauser
diaries orPKG, thus leaving 63 Ppatientsfor evaluation. 33verecategorised ason-
sleepy”’(PD-NS, ES$10) and 30were “sleepy’(PD-EDS ES$12). The mean ESS of RD
NS patients was 5.94 (£2.38nmean + standardeviation(SD)), and a rageof 1 to 9 points,
whereas the mean ESSRID-EDS patients wa$5.47(+3.21) with a range from 12 to 23
(p<0.05). Significarly more patients with EDS reported to “find it difficult to stay awake
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during activities such as working, driving or eating” (Sluest22) and td‘have (been)
unexpectedly fallen asleep during dal?0SS item 15(p<0.05). Both groupwere
comparable in their motor disabilifgssessed with SCOPA motoy &ndtheir motor
complicationgncluding fluctuations and dyskinesiagsessedith SCOPA motor CUPDRS
IV, AIMS). Depression and anxiesgoredHADS, NMSQuestl 3, -16, -17)as well ad ED
per daywere alsacomparable in both groups. Baseline characterishd®utcome masures

are summarised in tabk

Outcome of nighttime sleep guantity assessed by PKG and Hauser-diary (table 3)
Themeanduration of rest and of sleep was shorter and the mean duratigzhtifme
wakefulnesgended to be longer in tHRD-EDS groupthan in thePD-NS group, measured by
bothPKG and Hausediary but thesedifference werenot significant(table3).

The correlation coefficients and p-values for the following results are surecharitable 4.
Both, the duration of sleep and the duratiomakefulnessn thePD-EDS group (but not in
the PBDNS graip), measured by PK&orrelatedsignificantlyon a high levewith the total
burden oNMS.of PD as measured biMSQuestas well aghe overall sleeplisturbances
measured bPDSS(table4). Specifically, significant correlations were found between the
markers of nighttime slegguantity measured by PK@ith:

- sleep onset and maintenance insoniNislSQuest23, PDSS-3),

- nocturnalrestlessnesdNMSQuest26, PDSS-4 and -5),

- nocturnal psychosiwith distressing dreamand hallucination$NMSQuest14,

PDSS6),
- ___nocturnal motor symptoms like painful muscle cramps and dystonia
(NMSQuest25, PDSS-10 and -11).

In thePD-NS.group only a moderateorrelation between the duration of rest with difficulties
to get or stayasleep at nightMSQuest23) was foundThisfinding suggests that these
patients stay-lenger in bed and try to sleep.
In contrastihe data of the Hauseliary showed only moderatecorrelation between the
duration of sleep as well as the duration of vimkess wih the NMSQues3in thePD-
EDS group (sleepirrs=-0.38; p=0.05; wake:s+0.35; p=0.07). None of the above presented
pathological findings by?KG compiising different domains of NMSQuest and PDSS could
be fourd in the analyses of the Hausbary.
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Outcome of nighttime sleep quality assessed by PKG and Hauser-diary
Values for the quality of nighttime sleep as the mean percentage of sleep as well as the
percentage of good quality sleep were lower and the percentage of wakefulnesstitgher i
PD-EDS group than in the PD-NS group, measured by PKG butffeeedices were not
significant
In thePD-EDS group thePTI asleep the PTlasleep>20min as well as the PTI awake
>20minmeasured by PKG correlated a high levewith the totalburden of NMS as
measuredgpWMSQuestas well aghe overdlsleep disturbances as measuredbysS.
Furthermorewe found moderate to higleorrelationf the nighttime slep quaiky markers
measured'by PKG with different domains representing reasons for nocturpal slee
disturbancetke:

- sleep onset and maintenance insomnia,

- nocturnal restlessnessas indirect evidence &LS,

- __nocturnal psychosis

-, nocturnal motor symptoms with signs for RBD.
In thePD-NS.greup only a moderateorrelation between theTI asleeas well as th@TI
awake >20mirwith the appearae of distressing nocturnal hallucinatiaaild be found
Other findings were not present in the-RIS group.

Influence on HRQoL (table 4)

The PDEDS group had a significant higher NMS burdenial NMSQuestcore p<0.05
and a trendowards worse HRQoL (PC&) p=0.07) than thED-NS group. A moderate to
high correlation of quatitativeand qualitative nighime sleep markers of the PKwas noted
with the PD@ (rs=|0.46-0.60|). This could only be found in the EDS group and only for

PKG andnet for Hauserdiary parameter

Discussion
To our knowledge this is the first study that:

- Compares subjective measu(sslf-reported ratingcalesassessed at one time point
and Hauserdiary assessed continuouslyith objective measurd®KG assessed
continuou$y) of nighttime sleep in between “sleepyPD-EDS)and “nonsleepy”
(PD-NS) PD-patients.
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- Attemptsto evaluate relevant correlations between PKG to compare and contrast with
Hauserdiary.

- Definesquantitative and qualitativ@arkers of nighttime sleeyf PKG.

- Investigatef PKG can differentiate betvem “sleepy” and “norsleepy” PDpatients

insreallife clinical practise.

The key findings are as follows:

- Wedefined prameters for the quantiind quality of nighttime sleegs recorded by
PKG.

- We'eonfim that the immobility and the mobiligegmentsn nighttime PKG
recording .couldserveas useful markers of periods asleep and of periods awake at
night.

- Overall parameters of nighttime slemgasured by PKG andadserdiary between
the PDEDS and the PENS group were not significant differefitherefore neither
the'PKGnor the Hauser-diary catiscriminate between “sleepy” and “nsteepy”
PD-patients.

- PKGparametersf nighttime sleep in the PD-EDS groogrrelated significantly with
several subjective clinical measudsleepincluding sleep onset and maintenance
insomaia, nocturnal RLS, nocturnal psychosis and nocturnal motor symptoms as well
as withquality of life.

- This is not the case in the IS group as well as for Hausaiary parameters of
nighttime sleep

We used the ESS to differentiate betweert #ieepy study (PDEDS) and the “nosieepy
control (PDNS) group PD-patients with EDS usually are more likelyhtave disturbed
nighttime sleep compared to PD-patients without BB $eportedy studies using nigtine
PSGand. daytime multiple sleep latency tg&s8-10, 44, 45]We also used the ESS as this
is arecommendedcreening tool and measure of daytime sleepiness ydlement
Disorder Society Sleep Scale Taskfoj4@]. The ESSscore of 12 as a cut off for EDS was
usedand additionally we excluded patients wétiscore of 1.1 to avoid overlap47-51]. To
strengthen the,ESS based afit we also used NMSQueg&f and PDSSL5 which was
correlated on a high levels#0.62, p=0.001)o ESS values confirming EDS in the PBESS
group.We are aware that the E&ot a direct marker for disturbed nighttime sle®pthis
study should first define parameters for nighttime sleep as measured by PKG and second

evaluate whether the PKG can be used for nighttime sleep assessRiBigatients we
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aimed tocompare th results of PKG witlelinical data obtainedtom validated scaleand
guestionnaires. As tHeDSS a validated scale fadentifying nighttime sleep problems [40]
as well as the NMSQuest, a rsaee of the burden of NMS in Ppatientg52] were outcome
measures, we could not use these for screening patiéatattemped to control for other
confaunders'such as age (sleep disturbances increase wit3fgenotor stage anchotor
complicationgnacturnal motor symptoms contribute to drsted nighttime sleep [3]),
depression and aiety and medicatioLED per day) by matching the two groups in this
regard. Therefore, &were relatively certainf@xamining a representative PD-population
with a “sleepy”,and a comparable “nsteepy” group anthus reasonably concludeat
disturbednighttime sleep waesponsible for the EDS in tiRD-EDSgroup.

Ourresults 'suggest that in PEDS patientsit is possible to evaluatbe presence of
nighttime sleep dysfunctions by sleep quantity and quality p&@metersvhich may not be
otherwise dtected without PS@D-EDS patients appear to have more interrupted sleep
compared'to PINS patients although this is not statistical significahis might be because
the parametersised may not be completely robust to accurately reflect periods asleep.
However, the definition of the nighttime sleep parameters used in this stumlyeid on
actigraphic studies (table &hd at least 14 minutes of continuous immobility seem to be a
reasonable parameter to identify sleep periods. Differentiating asp&itadre reflected in
correlations on high levels of all PKG sleep parameters with key aspectsptigkfunction
in PD. Such correlations were ordyailable in the PEEDS and not in the PD-NS group,
neither for Hausediary sleep parameterBhesecorrelationsincluded sleep dysfunctions
such as insomnia, possibly aspects of parasomnia, RLBBIDdThe clinicalimplications
therefore arg¢hat abnormal PKG readings in FHDS patients at nighttime should alert the
physician to specifically look faaspets of sleepdisordersThere wanly a trend towards a
highe load ofdistressing dreams and distressing hallucinations at night in tHe@D
patients infcomparison to tiRD-NS patientsn selfdeclared questionnaireBherefore the
observed differences shown by PKG suggest that this simple and easy to use technique
unraveldisturbed nighttime sleep in patients who recognise to sufferdeytime

sleepiness when other clinical measures and patients thendelrerecognise specific
nighttime problens Happe et al. and other studies showed that PD-patients have subjectively
and objectively disturbed nighttime sleep as compared with healthy controls butnceiyge
their sleep differently and therefore do not rate an objectively disturbgdasquor sleegl1,
54, 55].Furthermorat is a known prol#m that insomniacs in general mispercept their sleep
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as shown by contradictory findings ialgective and objective measures of slilep PSG
[56]. In our study this is shown by greater periods of sleep and wakefulness by Hauser-diary

compared to PKG in both groups.

Our findings'supportheresults of to our knowledge enly two otherstudiescomparing
subjectivefandlgective sleep parameters in Patientswith healthy control$1, 13].
Stavitskyet al.[13] compareé subjectiveseltreporeddataof nightime sleepwith
actigraphie dateSimilar to our resultghey found that based on thieepdiary there were no
differences. between their PD study group and the healthy comntitbks average total sleep
time [13]. Furthermore significantorrelations between subjective sleep measures and the
actigraplcameasuresould only be found in their PD study groapd indicated that
actigraphy is an appropriate method to measure sleep quality in PBifig]e et al[1] also
investigatedhe subjective versus objectiperception of sleep iRD-patientsin comparson
with healthy elderly controls. They showed that p&tents suffer from poorer subjective
sleep and'decreased objective sleep efficiency comparedltbyheontrolsBoth studie
could show:thatin general Piatients suffer fronpoorer nighttime sleep in comparison to
healthy controls'using objective and subjectiveapeeters but did not compare atients
with each otherTo our knowledge there is no study comparing subjective and objsl=ae

parameters indoetween Hiatients.

The advantage of actigraphy in sleep medicine in comparige8@&hnas been shown in
general [57]. Especially in PD known for its notorious fluctuations which may occuinwit
and across days, the promising advantage of a remote monitoring is: to measure disease
related outcomeim real live environmenthe possibility to extend the duration of
measurement over couple ofdays to enhance reliability andpgoovide a broad perspective

on the individual'sleep variabilityhe possibility of epetitiveassessment3he PKG n
comparisonttoractigraphy adidinally offers measurement of motor function by providing
severity scoresf bradykinesia and dyskinesia. This might help to differentiate between
severe bradykinesia and sleep, both presented as immobility by actigraphy. Furthermore the
PKG provides:both daytime as well as nighttime sleep which actigraphy normally does not
provide.

TheMovement Disorder Society Sle§eale Taskforce concluded as well that scales and
guestionnaires alone may not adequatelyture the fluctuating nature of sleep disturbances

and may not disentangllee many faces dfleep disorders in P[36]. More practical and
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specific toolsare needed to screen for sleep disturbance and dastaepeness in larger
numbers of PDpatientg46].

There are clear limitations of our stutjow can we be sure themmobility measured by

PKG corresponds to episodes of sleep and how can one distinguish between severe
bradykinesia and sleep episodes? We based ptiori presumptionen the findings of
Kotschet et alf12] showing that episodes of immobility defined by a BtGre at or below

the thresheld of -80 corresponddleep as a strong concordance between these episodes of
immobility and, daytime ambulatory PSG could be found. Furthermorg&@Bnts with

EDS presented.with significant higher proportions of immobility tharpBients withat
EDS[12]. Therejis no absolute guaranty that all these episodes of immobilitypmorde®

sleep and do not partly represent severe bradykineticostatemolence buit gets more

likely with a longer duration of immobility episodes, with Bi€eres of much lesser severity
occurring alongside these episodes and as these episodes also occur in headtbyAsontr

we focused on nighttime sleeggpecially on disturbed nighttime sleep meaning a repetitive
interruption.efimmobility for a longer time period over several hours measured by PKG, we
do not suspect.that a possible overlap of severe bradykinetic state and sleep asome ti
points interferes with ouesults.Furthermore, we decided to compare pddents with each
other and notwith a healthy control population as we wanted to investigeteer in

matched groups concerning PD motor state and therefore asssimataeBK-scores
measured_ by PKGtill a relevant difference could be fouoaincerning immobility and

mobility. As the PDEDS and PENS group are well matched concerning possible
confounders like motor condition, LED as well as depression and anxefyrovide hereby

a further argument fommobility representing episodes of sleep and not severe bradykinesia.

A correlationof nighttime PSG and PKG would bewever essential in future studies.

In addition; nighttime sleep quantiéyd quality parameteessessed by the PKG correlated
significantly=with the PDQ8 only in the PBEDPS groupprovidingan indirectindicatorof the
negative impact of disturbed nighttime sleep BXS on the HRQoL in Ppatient7, 58].
Hence we could show that the role of PKG use in the PD-EDS group ties in directly and

indirectly with HRQoL as well.

Conclusion
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As it is known that nighttime sleep digbances occur more eft in PDpatients in

comparison to healthy controls and furthermore shedp as &IMS has a major impact on
HRQoL, it is important to recognise patients suffering from disturbed nighttime sleep. As
studies could show that the combination of subjectivkdanjective sleep assessments can
differ between*PBpatients and healthy controls, our study showed that the use of subjective
sleep assessments combined with objective sleep parameters obtained from the PKG can
differentiatebetweerPD-patients with and ithout disturbed nighttime sleephe PKG

provides the clinicians with information about sleep quantity and quality and helps to
differentiate between the different aspects of disturbed nighttime sleep like insomnia,
parasomnia, RLS and RBD. This is important to decide for further need of inve sisgatic

to addressrtreatment individually.

Funding: International Parkinson’s disease non motor group (PDNMG)
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Table 1: Summarising the literature on studies using actigraphy andshar nighttime sleep assessm@nbviding basic principles and

findings on which the study design and presumptions of the present study are based. (ACAptAGtRBG=Polysomnography,

PD=Parkinson's disease, PKG=Parkinson's Kinetigraph

Author /Year /

Reference

Methodology of the study

Conclusion of the study

Conclusion for the design and definition
of nighttime sleep parameters for the

present study

Kotschet'et al.
2014 [12]

Wrist PKG and daytime
ambulatory PSG in seven PD

patients

- periods of immobility measured by PKG have a 85%

The PKG can assess episodes of immok

-concordance with the detection of sleep by daytime PSG during daytime which have a high

- complete immobilityis defined as aliwo minute epochs
with anoutput of thanobility score algorithm at or below
the specific threshold of -80

concordancéo episodes of sleegssessed
by daytime PSGTherefore, the PKG migt
also be useful tassess periods of
immobility at nighttimewhich correspond

to sleep.

Griffiths et al.
2012 [11

Assessment of bradykinesia
and dyskinesia by PKG in 34
PD patients and 10 age-
matched controls

- PKG provides quantitative measures of severity and
proportion of time spent at various levels of bradykinesig
and dyskinesia

- recordings were made from th@re affected wrist

concerning PD motor symptoms

As defined in this article, the PKG shoulc
be able to discriminate between
bradykinesia and episodes of complete
immobility which correspond to sleep
episodes as shown for daytime assessm
Furthermore, the PKG should be worn ot

the more affected wrist for reliable

assessment of motor stathging daytime.
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Stavitsky et al.
2010[13]

24-hour wrist ACT and a sleg
diary over a seven day period
were compared in 30 PD-
patientsand 14 healthy

controls

- PD-patients presented with more sleep problems than
healthy controls

- in PD-patients scores on subjective sleep measures
correlated with ACTderived estimates of sleep quality
whereas no correlations could be found in any oXG&
sleep variables with sefeported measures of sleep in
healthy controls

- ACT is an appropriate method of measuring sleep qu
in PD

In spite of bradykinesia (presenting as
movements with smaller amplitude and
longer duration) which might interfemith
ACT, especially in differentiation
immobility (corresponding to sleep) and
bradykinesia, correlations of ACT sleep
variables with selfeported measures of
altgep could only be found in P@atients
and not in healthy controls.

Assessment was perfoeth overseven day:
with sufficient data.

As the PKG can differentiate bradykinesi
and complete immobility by a defined
threshold, the PKG might even be able t
discriminate sleep pattern in between-PL

patients.

Nass et-al=200§
[17]

24-hour ACT over three days
to compare how the daytime
and nighttime motor activity
levels in 69 individuals

without motor disorders differ

- ACT showed increased (1t6 2fold) nighttime motor
activity in PD-patients in comparison teehlthy controls
- older controls showed a lower daytime but similar

nighttime motor activity whe compared to younger contrg

- aratio of nighttime to daytime motor activity could clear

As there wasigher nighttine mobr
activity in PD-patients compared to healtt
controls and sleep digbances are more
Isommon in PDpatients when compared t

lycontrols,nighttime motor activity might
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from 17PD-patients

distinguish controls anBD-patients.

correspond to wakefulness or abnormal
sleep. Therefore nighttime mobility as
measued by ACT might correspond to

disturbed sleep.

Hauser et al.
2000 [18] and
2004 [19]

Validation of the Parkinson's
disease home diary (Hauser
diary) in 302 PDpatients

- 83% of patients completed six diaries without missing ¢
duplicate data

- 96% completed six diaries with less than five hours of
errors on any diary

- 76% of missing or duplicate data occurred after three d

of assessment

Six consecutive 2&our periods resulting |
six days and five nights of Hauser-diary

completion are validated.

ays

JeanLouiset/al.

Different ACT modalities and

- Comparisons showed ®3% overall agreement for total

ACT can assess nighttime sleep in subje

2001 [20] overnight PSG in 5 subjects, | sleep time of ACT and PSG with and without sleep disorders. Thereft
classified as normal or with PKG should b able to assess nighttime
sleep or emotional disorders sleep in PBpatients.

Kushidaetal. | ACT, overnight PSG and - ACT overestimated total sleep time and sleep efficienc| ACT is more accurate than the patient’s

2001 [21] subjective sleep reports in 100comparison to subjective patienpoegts subjective reports.

subjects with different sleep
disorders (insomnia, OSAS,
narcolepsy, restless legs

syndrome)

- the number of nocturnal awakenings did not differ
significantly between ACT and PSG while sedportsdid
- ACT was more accurate than the patient’s subjective

reports

JeanLouiset al.

Wrist ACT, overnight PSG

- significant correlation for total sleep time£0.68) and

Results are used for the definition of
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1999 [14] and sleep/wake diaries in 26 | sleep dficiency (r:=0.52) of PSG and ACT were fourfda | nighttime sleep quantity and quality
subjects with insomnia threshold of 10 actigraphic counts and a wake interval ppparameters of the PKG.

arousal of 3 min is used as criteria for discriminating sleep

from wakefulness

- beginning of sleep determined by the appearance of the

first 15 mn of consecutive counts below a defined ACT

sleep threshold
Monk et-al: ACT, sleep diaries and PSG | - predicted values of ACT were clearly superior to those| Results are used for the definition of
1999 [22] 4 healthy subjects sleep diaries for sleep onset and offset, sleep duration, | nighttime sleep quantity and quality

and sleep efficiencyampared to PSG.

parameters of the PKG.

Ancoli-Israel et

ACT and overnight PSG in 1(

- high correlatiors between ACT and PSG for total sleep

ACT can assess nighttime sleep in subje

al. 1997+23] subjects with severe dementiatime (0.81 - 0.91) and for percent sleep (0.61 - 0.78) couldvith a neurodegenerative disorder.
be revealed
Sadeh et al. ACT and parental sleep logs | - minimum of seven nights of ACT were needed to get fij To obtain sufficient nighttime data six
1996 [24] 66 infants nights of useful data for sleep onset and the number of | consecutive 2our periods resulting in
minutes of wake state five nights were needed.
Gornyet-al: Wrist ACT - more precise sleep/wake determinatiorese received i | Results are used for the definition of
1996 [25] rule of 2 min of activity before and after an epoch of sleemighttime sleep quantity and quality

was applied in scoring ACT data

parameters of the PKG.

JeanLouiset al.
1996 [26]

Wrist ACT and overnight PS(

- ACT was highly correlatedith PSG for differentiating

Results are used ftine definition of

in 20 healthy subjects

sleepivakestateqrs=0.97)

nighttime sleep quantity and quality
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- individuals take about 3 min to retuimsleep after
nocturnal awakenings as determined by PSG

parameters of the PKG.

Sadeh et.al.
1994 [27]

ACT and overnight PSG in 44
healthy subjects

- comparisons showed 9196.5% minuteby-minute
agreement rates for sleep/wake scoring of ACT and PS(
- sleep/wake scoring from ACT is little affected by device
placement although activity levels differed between
dominant and non-dominant wrist during sleep and
wakefulness but resulting ability to discriminate sleep wa

relatively unaffected by this.

There areno differences in ACEleep/wake
5scoring concerning device placement on
> dominant versus nodeminant wrist

Therefore, the PKG will be placed on the

more affected wrist concerning PD motol
\symptoms for better assessment of the

severity of motor statef PD during

daytime.

Cole et al.'1992
[16]

Wrist ACT and overnight PS(
in 21 subjects, classified as
normal or with sleep or

psychiatric disorders

- 88% of the time asleep being distinguished from

wakefulness by ACT compared to PSG

Results are used for the definition of

nighttime sleep quantity and quality

- sleep onset defined as the beginning of the first interval parameters of the PKG.

containing at least 15 min (at least 20 min) scored as sle
stage | or greater with no more than 1 min of wakefulneg
PSG showed a high correlation£0.87 and ¢=0.94,
respectively) with ACT> ACT provides a reliable estimat
of sleep onset time

- ACT sleep percentage and sleep latency corretate
high level (¢=0.82 and ¢=0.90, respectivejywith

ep
sin

corresponding paragters from PSG
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- deep efficiency (total sleep time x 100/total minutes in
with lights out) means estimated from ACT did not differ
significantly from sleep efficiency means obtained by PSG
- ACT systematic tendency to overestimate sleep when
comparig to PSG total sleep time, sleep efficiency and

wakeaftersleeponset scores
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Table 2: Baseline characteristics and outcome measures

Baseline characterisics and Study group: Control group: p-values
outcome measures PD-EDS PD-NS
(N =30) (N =33)
Age (meant'standard deviation | 61.87 = 7.39 63.17 £12.24 0.62
(SD)in years)
Range 45.75 - 80.64 30.64 — 80.30
Male sex-4no. (%) 21 (70.0) 22 (66.7) 0.78
Ethnicity whites= no. (%) 27 (90.0) 27 (81.8) 0.56
Duration ofidisease(meant SD | 9.94 +7.15 6.87 £5.43 0.07
in years)
Range 0.32 -33.42 0.33-18.34
Levodopa equivalent dose 1136.06+ 686.48 | 884.86+ 477.99 0.27
(mean £SD.n.mg per day)
Range 0.0 — 2602.0 0.0 - 2150.0
H&Y 0.73
Mediantinterquartile range 3.0+ 2-3 2.0£2-3
Range 1-4 1-5
SCOPA Maetor sum A 0.75
Mean + SD 9.40 £5.95 8.97+4.72
Range 0-26 2-19
SCOPA Motor.sum B 0.34
Mean + SD 7.57 +£3.13 6.76 + 3.56
Range 2-14 1-15
SCOPAuMOotersum C 0.24
Mean'+'SD 4.57 £2.84 3.91+£3.20
Range 0-9 0-11
UPDRS IV sum A and B 0.14
Mean £SD 6.07 £ 3.50 4.79 +3.24
Range 0-14 0-14
AIMS sum score 17 0.98
Mean +SD 2.97 +£5.25 3.88 +7.07
Range 0-16 0-23
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HADS 0.23
Mean £SD 14.43 £5.53 12.39+7.78
Range 3-24 2-31

NMS Quest 13 0.96
Percentage of “yes” answer26.7 27.3

NMS Quest 16 0.72
Percentage of “yes” answer50.0 45.5

NMS Quest 17 0.18
Percentage of “yes” answers3.3 36.4

PDQ 8 sumitotal score 0.07
Meafn +'SD 10.73 £5.09 8.58 +5.77
Range 2-21 1-27

Table 3: Mean-nighttime sleep quantity measuoésne night

Nighttime sleep,quantitymeasures Study group: Control group:
PD-EDS PD-NS

PKG mean range mean range
Duration ef.Resthrs:mins) 7:34 1:21-11:00 | 8:17 | 4:07-11:33
Duration ofsSleegghrs:mins) 4:04 0:17-7:35 | 4:40 | 0:43-7:26
Duration of Wakefulnesgrs:mins) 3:38 0:12-8:15 3:26 0:32-8:04
Diary mean range mean range
Duration of Sleefghrs:mins) 6:18 2:48-9:18 | 6:50 | 3:48-9:48
Duration of,\Wakefulnesgrs:mins) 5:20 2:24-7:12 5:06 2:12-8:12
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Table 4: Correlations between PKG measures, Hadsaty and subjective questionnaires of nighttime sleep in thEP®-and PENS group.

Correlation coefficient asdvalues, significane levelsp-values as *p<0.05; **p<0.01; **p<0.001, valuesRID-NS group in brackets.

Total Sleep onset and Nocturnal Nocturnal psychosis Nocturnal motor symptoms | Day- Total scores
qualit | maintenance insomnia restlessness time
yaof dozin
night g
sleep
PDSS| NMS | PDSS 2| PDS | NMS | PDS | PDS | NMS | PDSS| PDSS| NMS | PDS | PDS | PDSS| NMS | NMS | PDSS | PDQ
1 Quest S3 | Ques| S4 S5 | Quest 6 7 Ques| S10| S11 12 Ques | Quest | total 8
23 t 26 14 t25 t22 total
Nighttime sleep quantity
PKG: (0.44*
Duration *)
of Rest
PKG: -0.36* 042 | - 0.49* | 0.41* | -0.36* | 0.43* - 0.38 | 0.45* - 0.53* | -
Duration * 0.44* | * 0.36* | * * 0.55** 0.57**
of Sleep *
PKG: 0.56** 0.41* | - - 0.56** | - (- 0.45* | (- - 0.55** | - 0.54**
Duration * 0.49* | 0.39* | * 0.50* | 0.39* | * 0.36 | 0.42* 0.59*
of * * ) %) *
Wakefulne
ss
Diary: (0.34 |-0.38* | (0.57* (0.37 (0.36
Duration *) *) *) *)
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of Sleep

Diary:
Duration
of
Wakefulne
ss

(-
0.48%)

0.39*

Nighttime [sleep quality

PKG: PTI -
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Figure Legends

Figure 1: Example of a PKG (1a,b,c) and Haudery (1d) extract.

Figure la: Summary plot of mobility data recorded for one patient wearing thed?ks{@ f
days and the corresponding 5 nights. The time is represented across the top of the @lot from
minutes aftermidnight (0:02) till midnight (0:00). Values for dyskinesia (thickgline
representifig théimedian, thin green lines tHea®l 74' percentile) are shown in the top

half with dyskinesia increasing from the midpoint upwards. Values for bradykinesia (thi
blue line representing the median, thin blue lines tffea2l 75 percentile) are shown in the
bottom half.with bradykinesia increasing from the midpoint downwards. The horihoetal
represent the 39 75" and 98 percentile of control subjects concerning bradykinesia and
dyskinesia‘scores.

Figure 1b and 1c: Immobility summary of the PKG with the time from 2 minutes afte
midnight (0:02) till midnight (0:00) on the x-axis and the single days on the yTdredlack
segments are_immobility epochs, the white segments correspond to mobility. The blue
vertical lines mark the start and end point of the “duration of nighteésiefor three nights
respectively«(Lb: Fri 20tat 21st, Sun 22nd-Mon 23rd, Tue 24th-Wed 25th; 1c: Thu 13rd-
Fri 14th, Sat 15th-Sun 16th, Mon 17th-Tue 18th). The red vertical lines mark immobility as
black segments for theltiration ofsleep (example marked by yellow arrow) and mobility

as white segments for thduration of wakefulnesgexample marked by yellow arrow),
respectively. Figure 1b provides an example for good nighttime sleep and 1c for disturbed
nighttime sleep.

Figure 1d: Two days of Hausdrary with the time from 6:00AM till 5:30AM on the-gxis

and asleep as well as difé@t mobility scores (OFF, ON without dyskinesia, ON with non-
troublesome dyskinesia, ON with troublesome dyskinesia) on #xésxThe patients are
asked to cross on a hdlbur base (one cross per line) for one predominant state (asleep or
one mobhilityscore). Nighttime is marked with blue horizontal lines and a blue arrow from
8:00PM tilF8:00AM. The sleep period is marked with red horizontal lines.

Figure 2. Seatterplot of PKG nighttime sleep quantity measuresx{g) and total scores of
NMSQuest, PBS and PDQ8 (y-axis). Duration of sleep (blue dots) and duration of
wakefulness (green crosses) with a) NMSQuest, b) PDSS, c) PDQ8 inBB®Droup, d)
NMSQuest, e) PDSS, f) PDQ8 in the A3 group. Corresponding regression lines.
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