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Objective: Nighttime sleep disturbances are important non-motor symptoms (NMS) and key 

determinants of health related quality of life (HRQoL) in patients with Parkinson`s disease 

(PD). The Parkinson’s KinetiGraph (PKG) can be used as an objective measure of different 
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motor states and periods of immobility may reflect episodes of sleep. We aimed to evaluate 

whether PKG can be used as an objective marker of disturbed nighttime sleep in PD.  

Methods: In this prospective comparative study, data from PKG recordings over six 

consecutive 24-hour periods are compared with Hauser-diaries and scales focusing on motor 

state, sleep and HRQoL in PD-patients. 33 “non-sleepy” PD-patients (PD-NS) were 

compared with 30 PD-patients presenting with excessive daytime sleepiness (PD-EDS). The 

groups were matched for age, gender and Hoehn and Yahr state. 

Results: In the PD-EDS group, subjective sleep reports correlated with the PKG’s parameters 

for quantity and quality nighttime sleep but not in the PD-NS group. There were no 

significant correlations of the nighttime sleep quantity parameters of Hauser-diary with 

subjective sleep perception, neither in the PD-EDS nor in the PD-NS group. 

Conclusions: This first PKG based study of nighttime sleep in PD suggests that PKG could 

be used to provide an easy to use and rough evaluation of aspects of nighttime sleep and one 

that could flag patients where polysomnography may be required. In sleepy PD-patients, for 

instance quantity and quality PKG parameters correlate with different aspects of sleep like 

insomnia, parasomnia, restless legs syndrome.  

Sleep disturbances in Parkinson`s disease (PD) are common, complex and multifactorial [

Introduction   

1-3] 

as well as a major determinant of health related quality of life (HRQoL) [4-7]. Excessive 

daytime sleepiness (EDS) can be a sign of disturbed nighttime sleep in PD-patients [8-10]. 

There is a need to assess the underlying reason as treatment is to be tailored to the specific 

patient case and the specific sleep dysfunction [2, 3]. Assessment requires objective sleep 

evaluation using polysomnography (PSG) regarded as gold standard. 

However, in many countries such facilities are not widely available and PSG can not be 

routinely used as a screening tool as this requires overnight hospital admission as well as 

considerable clinical time and costs.  

The Parkinson’s KinetiGraph (PKG), a system consisting of algorithms operating on wrist 

worn triaxial accelerometry, can be used to objectively measure different motor states 

throughout the day [11]. An association between daytime sleep and the PKG’s measurement 

of immobility has been reported [12] but the efficacy of PKG in monitoring sleep at 

nighttime has never been assessed. Aspects of disturbed nighttime sleep can be assessed in 

clinic by self-declaration in questionnaires or diaries. Absence of movement, measured by 
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actigraphy can act as a proxy of nighttime sleep and correlates with PSG and subjective sleep 

measures (table 1) [13-17].  

In this respect, the PKG could be useful in linking measures of nighttime sleep and motor 

parameters of PD in home conditions. The aim of this study was to evaluate the reliability of 

PKG as an objective remote marker of disturbed nighttime sleep in PD-patients.  

In this study we relied on the following a priori presumptions: 

•  Period immobile as recorded by PKG of at least 14 minutes is regarded as an episode 

of “normal” sleep (table 1). 

• Fragmented periods of mobility as shown by PKG would indicate “disturbed” sleep 

during night meaning the patient being awake or having abnormal sleep due to 

movements (e.g REM behavior disorder (RBD), Restless Legs Syndrome (RLS)  

(table 1) and [17]). 

• Sleep assessment by PKG is however, not a measure of sleep architecture for which 

PSG is essential. 

• PKG has been compared and validated against daytime PSG in PD [12]. 

Furthermore, we have relied on a repository of published literature outlining the evidence of 

actigraphy and diary assessments which have been used as surrogate measures for sleep in 

general as well as in PD (table 1). 

 

Patients 

Methods 

We included non-demented patients with a diagnosis of idiopathic PD based on the UK Brain 

Bank criteria [28, 29] treated at King`s College Hospital London. All subjects provided 

consent and the study was approved by the ethical committee (UK REC reference 

13/LO/1930). 

Patients were screened using Epworth Sleepiness Score (ESS) [30] to select PD-patients with 

significant daytime somnolence. PD-patients whose ESS was 12 or higher were considered to 

suffer from EDS (PD-EDS group). Whereas PD-patients with ESS cut off score of less than 

10 points were considered to have no significant daytime sleepiness and were referred to as 

“non-sleepy” (PD-NS group). Those with ESS scores of 10–11 in screening were not 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

assessed further for the study to avoid overlap of PD-EDS and PD-NS group. For comparison 

both groups were matched for age, gender and Hoehn and Yahr state. 

Exclusion criteria included patients whose medications were not stable four weeks prior and 

till  the end of the study. Furthermore, patients with concomitant diseases causing sleep 

problems (e.g. obstructive sleep apnoea syndrome (OSAS), severe obesity, the use of 

sedatives/hypnotics) or conditions interfering PD-assessment (e.g. dementia) were excluded. 

 

Assessments 

• Patients’ history and medication. Levodopa equivalent dosages (LED) [31]  

• Mini-Mental-State-Examination - patients with <24 points were not included [32]  

• Motor assessments:  

- SCOPA motor part A, B, C [33, 34] 

- Unified Parkinson`s disease rating scale (UPDRS) part IV [35] 

- Abnormal involuntary movement scale (AIMS) [36, 37] 

- Hoehn & Yahr state [38].  

• Non-motor and sleep assessments: 

- Non-motor symptom questionnaire (NMSQuest) [39] 

- Epworth Sleepiness Score (ESS) [30] 

- Parkinson’s Disease Sleep Scale (PDSS-1) [40] 

- Hospital Anxiety and Depression Scale (HADS) [41] 

HRQoL was assessed by means of the PD quality of life questionnaire (PDQ8) [42].  

The PKG was worn at home on the more affected wrist for six consecutive 24-hour periods. 

It was only removed for washing or showering. Over the same period, 24-hours Hauser-

diaries were completed [18] with nighttime being reported either in wake periods at night or 

retrospectively in the morning. 

 

Evaluation of PKG and Hauser-diary 

The PKG (Global Kinetics Corporation, Australia) uses accelerometry to collect movement 

data, and algorithms that generate scores for bradykinesia (BK) and dyskinesia (DK) (figure 

1a) [11]. Furthermore periods of immobility are reported (figure 1b and 1c), as well as the 

output of a sensor recognising when it is off-wrist [12]. Periods of immobility are defined as 

two minute epochs in which the output of the BK-score algorithm reported a score at or 

below the threshold of -80 being consistent with complete immobility [12]. 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 PSG [12], absence of 

movement at nighttime, measured by actigraphy has 88-96.5% concordance to time asleep 

compared to overnight PSG [16, 20, 27] and highly correlates with PSG for differentiating 

sleep from wake states [14, 16, 26, 43]. 

As we compared the Hauser-diary as a subjective and the PKG as an objective measure of 

sleep, we have predefined to analyse the time period of 8PM till 8AM for the occurrence of 

sleep episodes as this time period should capture most likely the majority of nighttime sleep 

of all included patients. 

Sleep as denoted by PKG was defined with the following concepts: 

 

• duration of nighttime rest: total time from the first onset of immobility (defined as the first 

occurrence of at least 14 minutes of continuous immobility (7 consecutive 2 minute epochs) 

after 8PM) until the end of the last immobility segment (defined as the last occurrence of at 

least 14 minutes of continuous immobility prior to 8AM) in minutes (figure 1b,c)   

Parameters for sleep quantity: 

• duration of sleep: total number of individual “sleep” segments in minutes in the duration of 

nighttime rest. The central two minutes of a 14 minute immobility segment (7 epochs) are 

called “sleep” when the subject is immobile for 4 of the 7 epochs constituting that 14 minute 

period (figure 1b,c)    

• duration of wakefulness: duration of nighttime rest minus duration of sleep (figure 1b,c) 

 

• Proportion of time (PTI) asleep: percentage of “sleep” (as defined above) of the duration of 

rest  

Parameters for sleep quality: 

• PTI asleep >20min: These are defined as periods of 10 or more consecutive epochs (at least 

20 minutes) of “sleep” (as defined above). This is to distinguish continuous “sleep” from 

fragmented “sleep” or “sleep” with many motor intrusions. The amount of time spent in this 

state was expressed as a percentage of the duration of rest to give a proportion of time in 

good quality “sleep”. 

• PTI awake >20min: These are defined as periods of 10 or more consecutive epochs (20 

minutes) of wakefulness (i.e. not in “sleep” as defined above). We have assumed that these 

longer episodes of continuous movement most likely represent periods where the subject is 
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not seeking to sleep and referred to as wake periods. The amount of time spent in this state 

was expressed as a percentage of the duration of rest to give a proportion of time being awake. 

Sleep as denoted by Hauser-diary  was defined with the following concepts: 

• duration of sleep: total time of marked 30 min periods of being “asleep” between 8PM and 

8AM in minutes (figure 1d) 

• duration of wakefulness: total time of marked 30 min periods of being awake marked as 

“off”, “on”, with “non- troublesome dyskinesia” or “troublesome dyskinesia” state between 

8PM and 8AM in minutes (figure 1d) 

 

Statistics 

For statistical analyses the 24-hour assessment of the PKG and the Hauser-diary was 

separated to daytime and nighttime (defined as the time between 8PM till 8AM the next day). 

Therefore data of 6 days and 5 nights was obtained. 

Parameters were tested for normal distribution using Kolmogorov-Smirnov-Z-test. Statistical 

analyses for comparisons were performed using t-test for normal distributed values and 

Mann-Whitney-test for not normal distributed values. Association of categorical parameters 

was tested using Chi-Square-test. Correlation analyses were performed with the Spearman 

rank correlation coefficient (rs-value). The correlation was considered: “weak” if the rs

 

-value 

was <0.3, “moderate” if 0.3-0.5, “high” if >0.5. A p-value of less than 0.05 was considered to 

indicate statistical significance. 

Baseline characteristics and clinical outcome measures 

Results 

200 PD-patients were screened with the ESS in a movement disorders clinic over a 6 month 

period. Out of these, 86 patients with idiopathic PD could be assessed with the PKG and 

Hauser-diary whereas in the rest, further assessment was not performed owing to either an 

ESS score of 10-11 or due to fulfilling exclusion criteria (see methods). Furthermore, 23 PD-

patients were excluded from statistical analyses because of non-compliance with Hauser-

diaries or PKG, thus leaving 63 PD-patients for evaluation. 33 were categorised as “non-

sleepy” (PD-NS, ESS<10) and 30 were “sleepy” (PD-EDS, ESS≥12). The mean ESS of PD-

NS patients was 5.94 (±2.38) (mean ± standard deviation (SD)), and a range of 1 to 9 points, 

whereas the mean ESS of PD-EDS patients was 15.47 (±3.21) with a range from 12 to 23 

(p<0.05). Significantly more patients with EDS reported to “find it difficult to stay awake 
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during activities such as working, driving or eating” (NMSQuest-22) and to “have (been) 

unexpectedly fallen asleep during day” (PDSS item 15) (p<0.05). Both groups were 

comparable in their motor disability (assessed with SCOPA motor A) and their motor 

complications including fluctuations and dyskinesia (assessed with SCOPA motor C, UPDRS 

IV, AIMS). Depression and anxiety scores (HADS, NMSQuest-13, -16, -17) as well as LED 

per day were also comparable in both groups. Baseline characteristics and outcome measures 

are summarised in table 2. 

 

Outcome of nighttime sleep quantity

The mean duration of rest and of sleep was shorter and the mean duration of nighttime 

wakefulness tended to be longer in the PD-EDS group than in the PD-NS group, measured by 

both PKG and Hauser-diary but these differences were not significant (table 3). 

 assessed by PKG and Hauser-diary (table 3)  

 

The correlation coefficients and p-values for the following results are summarised in table 4. 

Both, the duration of sleep and the duration of wakefulness in the PD-EDS group (but not in 

the PD-NS group), measured by PKG, correlated significantly on a high level with the total 

burden of NMS of PD as measured by NMSQuest as well as the overall sleep disturbance as 

measured by PDSS (table 4). Specifically, significant correlations were found between the 

markers of nighttime sleep quantity measured by PKG with: 

- sleep onset and maintenance insomnia (NMSQuest-23, PDSS-3),  

- nocturnal restlessness (NMSQuest-26, PDSS-4 and -5),  

- nocturnal psychosis with distressing dreams and hallucinations (NMSQuest-14, 

PDSS-6), 

- nocturnal motor symptoms like painful muscle cramps and dystonia 

(NMSQuest-25, PDSS-10 and -11).  

In the PD-NS group only a moderate correlation between the duration of rest with difficulties 

to get or stay asleep at night (NMSQuest-23) was found. This finding suggests that these 

patients stay longer in bed and try to sleep.  

In contrast, the data of the Hauser-diary showed only a moderate correlation between the 

duration of sleep as well as the duration of wakefulness with the NMSQuest-23 in the PD-

EDS group (sleep: rs=-0.38; p=0.05; wake: rs

 

=0.35; p=0.07). None of the above presented 

pathological findings by PKG comprising different domains of NMSQuest and PDSS could 

be found in the analyses of the Hauser-diary. 
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Outcome of nighttime sleep quality

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 wakefulness higher in the 

PD-EDS group than in the PD-NS group, measured by PKG but the differences were not 

significant. 

 assessed by PKG and Hauser-diary 

In the PD-EDS group the PTI asleep, the PTI asleep >20min as well as the PTI awake 

>20min measured by PKG correlated on a high level with the total burden of NMS as 

measured by NMSQuest as well as the overall sleep disturbances as measured by PDSS. 

Furthermore, we found moderate to high correlations of the nighttime sleep quality markers 

measured by PKG with different domains representing reasons for nocturnal sleep 

disturbances like: 

- sleep onset and maintenance insomnia,  

- nocturnal restlessness as an indirect evidence of RLS,  

- nocturnal psychosis  

- nocturnal motor symptoms with signs for RBD.  

In the PD-NS group only a moderate correlation between the PTI asleep as well as the PTI 

awake >20min with the appearance of distressing nocturnal hallucinations could be found. 

Other findings were not present in the PD-NS group. 

 

Influence on HRQoL (table 4)   

The PD-EDS group had a significant higher NMS burden (total NMSQuest-score, p<0.05) 

and a trend towards worse HRQoL (PDQ8, p=0.07) than the PD-NS group. A moderate to 

high correlation of quantitative and qualitative nighttime sleep markers of the PKG was noted 

with the PDQ8 (rS

 

=|0.46-0.60|). This could only be found in the PD-EDS group and only for 

PKG and not for Hauser-diary parameter.  

To our knowledge this is the first study that: 

Discussion 

- Compares subjective measures (self-reported rating scales assessed at one time point 

and Hauser-diary assessed continuously) with objective measures (PKG assessed 

continuously) of nighttime sleep in between “sleepy” (PD-EDS) and “non-sleepy” 

(PD-NS) PD-patients.  
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- Attempts to evaluate relevant correlations between PKG to compare and contrast with 

Hauser-diary. 

- Defines quantitative and qualitative markers of nighttime sleep of PKG. 

- Investigates if PKG can differentiate between “sleepy” and “non-sleepy” PD-patients 

in real life clinical practise.   

 

The key findings are as follows: 

- We defined parameters for the quantity and quality of nighttime sleep as recorded by 

PKG. 

- We confirm that the immobility and the mobility segments in nighttime PKG 

recording could serve as useful markers of periods asleep and of periods awake at 

night.  

- Overall parameters of nighttime sleep measured by PKG and Hauser-diary between 

the PD-EDS and the PD-NS group were not significant different. Therefore, neither 

the PKG nor the Hauser-diary can discriminate between “sleepy” and “non-sleepy” 

PD-patients. 

- PKG parameters of nighttime sleep in the PD-EDS group correlated significantly with 

several subjective clinical measures of sleep including sleep onset and maintenance 

insomnia, nocturnal RLS, nocturnal psychosis and nocturnal motor symptoms as well 

as with quality of life.  

- This is not the case in the PD-NS group as well as for Hauser-diary parameters of 

nighttime sleep.  

We used the ESS to differentiate between the “sleepy” study (PD-EDS) and the “non-sleepy” 

control (PD-NS) group. PD-patients with EDS usually are more likely to have disturbed 

nighttime sleep compared to PD-patients without EDS as reported by studies using nighttime 

PSG and daytime multiple sleep latency tests [3, 8-10, 44, 45]. We also used the ESS as this 

is a recommended screening tool and measure of daytime sleepiness by the Movement 

Disorder Society Sleep Scale Taskforce [46]. The ESS-score of 12 as a cut off for EDS was 

used and additionally we excluded patients with a score of 10-11 to avoid overlap [47-51]. To 

strengthen the ESS based cut off, we also used NMSQuest-22 and PDSS-15 which was 

correlated on a high level (rS=0.62, p=0.001) to ESS values confirming EDS in the PDS-EDS 

group. We are aware that the ESS is not a direct marker for disturbed nighttime sleep. As this 

study should first define parameters for nighttime sleep as measured by PKG and second 

evaluate whether the PKG can be used for nighttime sleep assessment in PD-patients, we 
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aimed to compare the results of PKG with clinical data obtained from validated scales and 

questionnaires. As the PDSS, a validated scale for identifying nighttime sleep problems [40] 

as well as the NMSQuest, a measure of the burden of NMS in PD-patients [52] were outcome 

measures, we could not use these for screening patients. We attempted to control for other 

confounders such as age (sleep disturbances increase with age [53]), motor stage and motor 

complications (nocturnal motor symptoms contribute to disturbed nighttime sleep [3]), 

depression and anxiety and medication (LED per day) by matching the two groups in this 

regard. Therefore, we were relatively certain of examining a representative PD-population 

with a “sleepy” and a comparable “non-sleepy” group and thus reasonably conclude that 

disturbed nighttime sleep was responsible for the EDS in the PD-EDS group. 

 

Our results suggest that in PD-EDS patients, it is possible to evaluate the presence of 

nighttime sleep dysfunctions by sleep quantity and quality PKG parameters which may not be 

otherwise detected without PSG. PD-EDS patients appear to have more interrupted sleep 

compared to PD-NS patients although this is not statistical significant. This might be because 

the parameters used may not be completely robust to accurately reflect periods asleep. 

However, the definition of the nighttime sleep parameters used in this study is based on 

actigraphic studies (table 1) and at least 14 minutes of continuous immobility seem to be a 

reasonable parameter to identify sleep periods. Differentiating aspects of PKG are reflected in 

correlations on high levels of all PKG sleep parameters with key aspects of sleep dysfunction 

in PD. Such correlations were only available in the PD-EDS and not in the PD-NS group, 

neither for Hauser-diary sleep parameters. These correlations included sleep dysfunctions 

such as insomnia, possibly aspects of parasomnia, RLS and RBD. The clinical implications 

therefore are that abnormal PKG readings in PD-EDS patients at nighttime should alert the 

physician to specifically look for aspects of sleep disorders. There was only a trend towards a 

higher load of distressing dreams and distressing hallucinations at night in the PD-EDS 

patients in comparison to the PD-NS patients in self declared questionnaires. Therefore, the 

observed differences shown by PKG suggest that this simple and easy to use technique 

unravels disturbed nighttime sleep in patients who recognise to suffer from daytime 

sleepiness when other clinical measures and patients themselves do not recognise specific 

nighttime problems. Happe et al. and other studies showed that PD-patients have subjectively 

and objectively disturbed nighttime sleep as compared with healthy controls but may perceive 

their sleep differently and therefore do not rate an objectively disturbed sleep as poor sleep [1, 

54, 55]. Furthermore it is a known problem that insomniacs in general mispercept their sleep 
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as shown by contradictory findings in subjective and objective measures of sleep like 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 support the results of - to our knowledge - only two other studies comparing 

subjective and objective sleep parameters in PD-patients with healthy controls [1, 13]. 

Stavitsky et al. [13] compared subjective self-reported data of nighttime sleep with 

actigraphic data. Similar to our results they found that based on the sleep-diary there were no 

differences between their PD study group and the healthy controls in the average total sleep 

time [13]. Furthermore significant correlations between subjective sleep measures and the 

actigraphic measures could only be found in their PD study group and indicated that 

actigraphy is an appropriate method to measure sleep quality in PD [13]. Happe et al. [1] also 

investigated the subjective versus objective perception of sleep in PD-patients in comparison 

with healthy elderly controls. They showed that PD-patients suffer from poorer subjective 

sleep and decreased objective sleep efficiency compared to healthy controls. Both studies 

could show that in general PD-patients suffer from poorer nighttime sleep in comparison to 

healthy controls using objective and subjective parameters but did not compare PD-patients 

with each other. To our knowledge there is no study comparing subjective and objective sleep 

parameters in between PD-patients.  

 

The advantage of actigraphy in sleep medicine in comparison to PSG has been shown in 

general [57]. Especially in PD known for its notorious fluctuations which may occur within 

and across days, the promising advantage of a remote monitoring is: to measure disease 

related outcomes in real live environment; the possibility to extend the duration of 

measurement over a couple of days to enhance reliability and to provide a broad perspective 

on the individual sleep variability; the possibility of repetitive assessments. The PKG in 

comparison to actigraphy additionally offers measurement of motor function by providing 

severity scores of 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.     

The Movement Disorder Society Sleep Scale Taskforce concluded as well that scales and 

questionnaires alone may not adequately capture the fluctuating nature of sleep disturbances 

and may not disentangle the many faces of sleep disorders in PD [46]. More practical and 
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specific tools are needed to screen for sleep disturbance and daytime sleepiness in larger 

numbers of PD-patients [46]. 

 

There are clear limitations of our study. How can we be sure that immobility measured by 

PKG corresponds to episodes of sleep and how can one distinguish between severe 

bradykinesia and sleep episodes? We based our a priori presumptions on the findings of 

Kotschet et al. [12] showing that episodes of immobility defined by a BK-score at or below 

the threshold of -80 correspond to sleep as a strong concordance between these episodes of 

immobility and daytime ambulatory PSG could be found. Furthermore, PD-patients with 

EDS presented with significant higher proportions of immobility than PD-patients without 

EDS [12]. There is no absolute guaranty that all these episodes of immobility correspond to 

sleep and do not partly represent severe bradykinetic state or somnolence but it gets more 

likely with a longer duration of immobility episodes, with BK-scores of much lesser severity 

occurring alongside these episodes and as these episodes also occur in healthy controls. As 

we focused on nighttime sleep, especially on disturbed nighttime sleep meaning a repetitive 

interruption of immobility 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 at some time 

points interferes with our results. Furthermore, we decided to compare PD-patients with each 

other and not with a healthy control population as we wanted to investigate whether in 

matched groups concerning PD motor state and therefore assumable similar BK-scores 

measured by PKG still a relevant difference could be found concerning immobility and 

mobility. As the PD-EDS and PD-NS group are well matched concerning possible 

confounders like motor condition, LED as well as depression and anxiety, we provide hereby 

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

A correlation of nighttime PSG and PKG would be however essential in future studies. 

 

In addition, nighttime sleep quantity and quality parameters assessed by the PKG correlated 

significantly with the PDQ8 only in the PD-EDS group providing an indirect indicator of the 

negative impact of disturbed nighttime sleep and EDS on the HRQoL in PD-patients [7, 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 disturbances occur more often in PD-patients in 

comparison to healthy controls and furthermore that sleep as a NMS 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 subjective and objective sleep assessments can 

differ between PD-patients and healthy controls, our study showed that the use of subjective 

sleep assessments combined with objective sleep parameters obtained from the PKG can 

differentiate between PD-patients with and without disturbed nighttime sleep. The 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 investigations and 

to address treatment individually. 
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Table 1: Summarising the literature on studies using actigraphy and diaries for nighttime sleep assessment providing basic principles and 

findings on which the study design and presumptions of the present study are based. (ACT=Actigraphy, PSG=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% 

concordance with the detection of sleep by daytime PSG 

- complete immobility is defined as all two minute epochs 

with an output of the mobility score algorithm at or below 

the specific threshold of -80  

The PKG can assess episodes of immobility 

during daytime which have a high 

concordance to episodes of sleep assessed 

by daytime PSG. Therefore, the PKG might 

also be useful to assess periods of 

immobility at nighttime which 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 bradykinesia 

and dyskinesia 

- recordings were made from the more affected wrist 

concerning PD motor symptoms 

As defined in this article, the PKG should 

be able to discriminate between 

bradykinesia and episodes of complete 

immobility which correspond to sleep 

episodes as shown for daytime assessment. 

Furthermore, the PKG should be worn on 

the more affected wrist for reliable 

assessment of motor states during daytime. 
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Stavitsky et al. 

2010 [13] 

24-hour wrist ACT and a sleep 

diary over a seven day period 

were compared in 30 PD-

patients and 14 healthy 

controls 

- PD-patients presented with more sleep problems than 

healthy controls 

- in PD-patients scores on subjective sleep measures 

correlated with ACT-derived estimates of sleep quality 

whereas no correlations could be found in any of the ACT 

sleep variables with self-reported measures of sleep in 

healthy controls 

 ACT is an appropriate method of measuring sleep quality 

in PD 

In spite of bradykinesia (presenting as 

movements with smaller amplitude and 

longer duration) which might interfere with 

ACT, especially in differentiation 

immobility (corresponding to sleep) and 

bradykinesia, correlations of ACT sleep 

variables with self-reported measures of 

sleep could only be found in PD-patients 

and not in healthy controls.  

Assessment was performed over seven days 

with sufficient data.  

As the PKG can differentiate bradykinesia 

and complete immobility by a defined 

threshold, the PKG might even be able to 

discriminate sleep pattern in between PD-

patients. 

Nass et al. 2008 

[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 (1.5 to 2-fold) nighttime motor 

activity in PD-patients in comparison to healthy controls 

- older controls showed a lower daytime but similar 

nighttime motor activity when compared to younger controls 

- a ratio of nighttime to daytime motor activity could clearly 

As there was higher nighttime motor 

activity in PD-patients compared to healthy 

controls and sleep disturbances are more 

common in PD-patients when compared to 

controls, nighttime motor activity might 
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from 17 PD-patients distinguish controls and PD-patients. correspond to wakefulness or abnormal 

sleep. Therefore nighttime mobility as 

measured 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 PD-patients  

- 83% of patients completed six diaries without missing or 

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 days 

of assessment 

Six consecutive 24-hour periods resulting in 

six days and five nights of Hauser-diary 

completion are validated. 

Jean-Louis et al. 

2001 [20] 

Different ACT modalities and 

overnight PSG in 5 subjects, 

classified as normal or with 

sleep or emotional disorders   

- Comparisons showed 91-93% overall agreement for total 

sleep time of ACT and PSG 

ACT can assess nighttime sleep in subjects 

with and without sleep disorders. Therefore 

PKG should be able to assess nighttime 

sleep in PD-patients. 

Kushida et al. 

2001 [21] 

ACT, overnight PSG and 

subjective sleep reports in 100 

subjects with different sleep 

disorders (insomnia, OSAS, 

narcolepsy, restless legs 

syndrome) 

- ACT overestimated total sleep time and sleep efficiency in 

comparison to subjective patient reports  

- the number of nocturnal awakenings did not differ 

significantly between ACT and PSG while self-reports did 

 ACT was more accurate than the patient’s subjective 

reports 

ACT is more accurate than the patient’s 

subjective reports. 

Jean-Louis et al. Wrist ACT, overnight PSG - significant correlation for total sleep time (rs Results are used for the definition of =0.68) and 
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1999 [14] and sleep/wake diaries in 26 

subjects with insomnia 

sleep efficiency (rs

- beginning of sleep determined by the appearance of the 

first 15 min of consecutive counts below a defined ACT 

sleep threshold 

=0.52) of PSG and ACT were found if a 

threshold of 10 actigraphic counts and a wake interval post 

arousal of 3 min is used as criteria for discriminating sleep 

from wakefulness 

nighttime sleep quantity and quality 

parameters of the PKG. 

Monk et al. 

1999 [22] 

ACT, sleep diaries and PSG in 

4 healthy subjects 

- predicted values of ACT were clearly superior to those of 

sleep diaries for sleep onset and offset, sleep duration, 

and sleep efficiency compared to PSG. 

Results are used for the definition of 

nighttime sleep quantity and quality 

parameters of the PKG. 

Ancoli-Israel et 

al. 1997 [23] 

ACT and overnight PSG in 10 

subjects with severe dementia 

- high correlations between ACT and PSG for total sleep 

time (0.81 - 0.91) and for percent sleep (0.61 - 0.78) could 

be revealed. 

ACT can assess nighttime sleep in subjects 

with a neurodegenerative disorder. 

Sadeh et al. 

1996 [24] 

ACT and parental sleep logs in 

66 

- minimum of seven nights of ACT were needed to get five 

nights of useful data for sleep onset and the number of 

minutes of wake state 

infants 

To obtain sufficient nighttime data six 

consecutive 24-hour periods resulting in 

five nights were needed. 

Gorny et al. 

1996 [25] 

Wrist ACT - more precise sleep/wake determinations were received if a 

rule of 2 min of activity before and after an epoch of sleep 

was applied in scoring ACT data 

Results are used for the definition of 

nighttime sleep quantity and quality 

parameters of the PKG. 

Jean-Louis et al. 

1996 [26] 

Wrist ACT and overnight PSG 

in 20 healthy subjects 

- ACT was highly correlated with PSG for differentiating 

sleep/wake states (rs

Results are used for the definition of 

nighttime sleep quantity and quality =0.97) 
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- individuals take about 3 min to return to sleep 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 91.4-96.5% minute-by-minute 

agreement rates for sleep/wake scoring of ACT and PSG 

- 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 was 

relatively unaffected by this. 

There are no differences in ACT sleep/wake 

scoring concerning device placement on the 

dominant versus non-dominant wrist. 

Therefore, the PKG will be placed on the 

more affected wrist concerning PD motor 

symptoms for better assessment of the 

severity of motor state of PD during 

daytime. 

Cole et al. 1992 

[16] 

Wrist ACT and overnight PSG 

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  

- sleep onset defined as the beginning of the first interval 

containing at least 15 min (at least 20 min) scored as sleep 

stage I or greater with no more than 1 min of wakefulness in 

PSG showed a high correlation (rs=0.87 and rs

- ACT sleep percentage and sleep latency correlated on a 

high level (r

=0.94, 

respectively) with ACT  ACT provides a reliable estimate 

of sleep onset time 

s=0.82 and rs

Results are used for the definition of 

nighttime sleep quantity and quality 

parameters of the PKG. 

=0.90, respectively) with 

corresponding parameters from PSG  
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- sleep efficiency (total sleep time x 100/total minutes in bed 

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 

comparing to PSG total sleep time, sleep efficiency and 

wake-after-sleep-onset scores 
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Table 2: Baseline characteristics and outcome measures  

Baseline characteristics and 

outcome measures 

Study group:  

PD-EDS 

(N = 30) 

Control group:  

PD-NS 

(N = 33) 

p-values 

Age (mean ± standard deviation 

(SD) in years) 

Range 

61.87 ± 7.39 

 

45.75 – 80.64 

63.17 ± 12.24 

 

30.64 – 80.30 

0.62 

Male sex – no. (%) 21 (70.0) 22 (66.7) 0.78 

Ethnicity white  – no. (%) 27 (90.0) 27 (81.8) 0.56 

Duration of disease (mean ± SD 

in years) 

Range  

9.94 ± 7.15 

 

0.32 – 33.42 

6.87 ± 5.43 

 

0.33 – 18.34 

0.07 

Levodopa equivalent dose 

(mean ± SD in mg per day) 

Range 

1136.06 ± 686.48 

 

0.0 – 2602.0 

884.86 ± 477.99 

 

0.0 – 2150.0 

0.27 

H&Y   

         Median ± interquartile range 

         Range 

 

3.0 ± 2-3 

1 - 4 

 

2.0 ± 2-3 

1 - 5 

0.73 

SCOPA Motor sum A 

          Mean ± SD    

          Range     

 

9.40 ± 5.95 

0 - 26 

 

8.97 ± 4.72 

2 - 19 

0.75 

SCOPA Motor sum B 

          Mean ± SD 

          Range           

 

7.57 ± 3.13 

2 - 14 

 

6.76 ± 3.56 

1 - 15 

0.34 

SCOPA Motor sum C 

          Mean ± SD 

          Range           

 

4.57 ± 2.84 

0 - 9 

 

3.91 ± 3.20 

0 - 11 

0.24 

UPDRS IV sum A and B 

          Mean ± SD 

          Range           

 

6.07 ± 3.50 

0 - 14 

 

4.79 ± 3.24 

0 - 14 

0.14 

AIMS sum score 1-7 

          Mean ± SD 

          Range      

 

2.97 ± 5.25 

0 - 16 

 

3.88 ± 7.07 

0 - 23 

0.98 
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HADS 

          Mean ± SD 

          Range 

 

14.43 ± 5.53 

3 – 24 

 

12.39 ± 7.78 

2 – 31 

0.23 

NMS Quest 13 

          Percentage of “yes” answer 

 

26.7 

 

27.3 

0.96 

NMS Quest 16 

          Percentage of “yes” answer 

 

50.0 

 

45.5 

0.72 

NMS Quest 17 

          Percentage of “yes” answer 

 

53.3 

 

36.4 

0.18 

PDQ 8 sum total score 

          Mean ± SD 

          Range          

 

10.73 ± 5.09 

2 – 21 

 

8.58 ± 5.77 

1 – 27 

0.07 

 

Table 3: Mean nighttime sleep quantity measures of one night 

Nighttime sleep quantity measures Study group:  

PD-EDS 

Control group:  

PD-NS 

PKG mean range mean range 

Duration of Rest (hrs:mins) 7:34 1:21  – 11:01 8:17 4:07 – 11:33 

Duration of Sleep (hrs:mins) 4:04 0:17 – 7:35 4:40 0:43 – 7:26 

Duration of Wakefulness (hrs:mins) 3:38 0:12 – 8:15 3:26 0:32 – 8:04 

Diary  mean range mean range 

Duration of Sleep (hrs:mins) 6:18 2:48 – 9:18 6:50 3:48 – 9:48 

Duration of Wakefulness (hrs:mins) 5:20 2:24 – 7:12 5:06 2:12 – 8:12 
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Table 4: Correlations between PKG measures, Hauser-diary and subjective questionnaires of nighttime sleep in the PD-EDS and PD-NS group. 

Correlation coefficient as rs

 

-values, significance levels p-values as *p<0.05; **p<0.01; ***p<0.001, values of PD-NS group in brackets. 

 Total 

qualit

y of 

night 

sleep 

Sleep onset and 

maintenance insomnia 

Nocturnal 

restlessness 

Nocturnal psychosis Nocturnal motor symptoms Day-

time 

dozin

g 

Total scores 

 PDSS 

1 

NMS 

Quest 

23 

PDSS 2 PDS

S 3 

NMS 

Ques

t 26 

PDS

S 4 

PDS

S 5 

NMS 

Quest 

14 

PDSS 

6 

PDSS 

7 

NMS 

Ques

t 25 

PDS

S 10 

PDS

S 11 

PDSS 

12 

NMS 

Ques

t 22 

NMS 

Quest 

total 

PDSS 

total 

PDQ 

8 

Nighttime sleep quantity 

PKG: 

Duration 

of Rest 

 (0.44*

*)  

                

PKG: 

Duration 

of Sleep 

 -0.36*  0.42

* 

-

0.44* 

0.49*

* 

0.41* -0.36* 0.43*  -

0.36* 

0.38

* 

0.45*

* 

  -

0.55** 

0.53** -

0.57**

* 

PKG: 

Duration 

of 

Wakefulne

ss 

 0.56**

* 

  0.41* -

0.49*

* 

-

0.39* 

0.56**

* 

-

0.50*

* 

(-

0.39*

) 

0.45*

* 

(-

0.36

*)  

-

0.42* 

  0.55** -

0.59**

* 

0.54** 

Diary: 

Duration 

(0.34

*)  

-0.38* (0.57**

*)  

     (0.37

*)  

    (0.36

*)  
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of Sleep 

Diary: 

Duration 

of 

Wakefulne

ss 

  (-

0.48**) 

 0.39*              

Nighttime sleep quality 

PKG: PTI 

asleep 

 -

0.57**

* 

  -

0.49*

* 

0.46*

* 

0.46*

* 

-

0.49** 

0.52*

* 

(0.38

*)  

 0.38

* 

0.45*

* 

0.41*  -

0.66**

* 

0.68**

* 

-

0.59**

* 

PKG: PTI 

asleep 

>20min 

 -0.37*  0.43

* 

-

0.40* 

 0.37* -0.36* 0.52*

* 

  0.41

* 

 0.43* -

0.38* 

-

0.57**

* 

0.57**

* 

-

0.46** 

PKG: PTI 

awake 

>20min 

 0.54**   0.46*

* 

-

0.47*

* 

-

0.46*

* 

0.50** -

0.54*

* 

(-

0.41*

) 

 -

0.38

* 

-

0.45*

* 

-

0.40* 

 0.65**

* 

-

0.68**

* 

0.60**

* 
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Figure Legends 

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

Figure 1a: Summary plot of mobility data recorded for one patient wearing the PKG for six 

days and the corresponding 5 nights. The time is represented across the top of the plot from 2 

minutes after midnight (0:02) till midnight (0:00). Values for dyskinesia (thick green line 

representing the median, thin green lines the 25th and 75th percentile) are shown in the top 

half with dyskinesia increasing from the midpoint upwards. Values for bradykinesia (thick 

blue line representing the median, thin blue lines the 25th and 75th percentile) are shown in the 

bottom half with bradykinesia increasing from the midpoint downwards. The horizontal lines 

represent the 50th, 75th and 90th

Figure 1b and 1c: Immobility summary of the PKG with the time from 2 minutes after 

midnight (0:02) till midnight (0:00) on the x-axis and the single days on the y-axis. The black 

segments are immobility epochs, the white segments correspond to mobility. The blue 

vertical lines mark the start and end point of the “duration of nighttime rest” for three nights 

respectively (1b: Fri 20th-Sat 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 the “duration of sleep” (example marked by yellow arrow) and mobility 

as white segments for the “duration of wakefulness” (example marked by yellow arrow), 

respectively. Figure 1b provides an example for good nighttime sleep and 1c for disturbed 

nighttime sleep.  

 percentile of control subjects concerning bradykinesia and 

dyskinesia scores.  

Figure 1d: Two days of Hauser-diary with the time from 6:00AM till 5:30AM on the y-axis 

and asleep as well as different mobility scores (OFF, ON without dyskinesia, ON with non-

troublesome dyskinesia, ON with troublesome dyskinesia) on the x-axis. The patients are 

asked to cross on a half-hour base (one cross per line) for one predominant state (asleep or 

one mobility score). Nighttime is marked with blue horizontal lines and a blue arrow from 

8:00PM till 8:00AM. The sleep period is marked with red horizontal lines. 

 

Figure 2: Scatterplot of PKG nighttime sleep quantity measures (x-axis) and total scores of 

NMSQuest, PDSS and PDQ8 (y-axis). Duration of sleep (blue dots) and duration of 

wakefulness (green crosses) with a) NMSQuest, b) PDSS, c) PDQ8 in the PD-EDS group, d) 

NMSQuest, e) PDSS, f) PDQ8 in the PD-NS group. Corresponding regression lines.     
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