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Comparison of Visual and Automated Scoring of Rest Intervals with Sleep Diaries
Abstract

The ability to accurately, automatically, and objectively identify periods of time in which subjects are resting and potentially sleeping will greatly improve the accuracy and reproducibility of sleep statistics derived from actigraphy. Actiware 5.5 software is equipped with a new capability that provides objective, reproducible scoring of activity data for rest intervals. One hundred fifty days of actigraphy data were scored for rest intervals using visual scoring and the new automated algorithm. Additionally, these same data were scored using subjective sleep diary input. Example data are provided here to illustrate the agreement between the automated algorithm, sleep diaries and visual scoring. Additionally, aggregated data show the probability of agreement between visual, automated and diary scoring for rest interval start and ending times. These results provide evidence supporting the use of an automated algorithm as a means of objectively and reproducibly scoring actigraphy data.
Background


The Actiwatch is a wrist-worn activity monitor used in both research and clinical settings to detect and record motion of the human during wake and sleep periods
. The fundamental scientific principle of the Actiwatch is that it contains a miniature piezo-electric transducer (“piezo”) that produces a voltage in response to a change in motion. The voltage is amplified, digitized, and then recorded on board the device in non-volatile memory. Later, the recorded data are transferred to a personal computer and can be subsequently analyzed to determine activity period’s characteristic of both wake and sleep. 


In order to produce sleep statistics like Sleep Onset Latency, Wake After Sleep Onset and other commonly used measures, it is necessary to indicate periods of time in which the subject has gone to bed or is likely to be resting/sleeping. Current practices require that a subjective protocol be established and followed by a trained scorer who reviews the data recording visually day by day to indicate rest intervals. Actiware 5.5, the latest version of Actiwatch software from Respironics Mini Mitter contains an algorithm to automatically assign rest intervals to actigraphy data.  This algorithm has been derived through mathematical analysis of 100 nights of polysomnographic (PSG) data from patients with sleep disorders. This report provides a summary of the algorithm as well as data collected to test its performance against visual scoring and sleep diaries. The specific mechanisms of this detection algorithm are proprietary.    

Deriving the Algorithm


The auto rest interval detection algorithm was derived from 100 nights of time synchronized Actiwatch and polysomnographic data collected from patients reporting to a sleep facility for overnight testing. Details of the methods utilized are contained in (Kushida et al, 2001). These patients were referred to the sleep laboratory for a variety of sleep complaints. Patients were instrumented with the Actiwatch AW64 that had been synchronized with the PSG system. After completion of the overnight test, the Actiwatch was recovered and the data retrieved. Both the PSG and activity data were scored and analyzed using accepted standards of practice. 


The precise mathematical procedures underlying the auto rest interval detection algorithm are proprietary.   However, it is helpful to understand that the amplitude and duration of active and immobile periods contribute to the overall scoring. Potential rest intervals are identified, steps are taken to establish beginning and ending points by further examination of the activity data. Adjacent rest intervals are examined for potential merging and deletion. Criteria for these determinations are proprietary.
Experiment and results
Data Collection


In order to determine the effectiveness of the auto rest interval detection algorithm, additional actigraphy and diary data was collected and analyzed from ten (10) normal adult sleepers for more than 150 nights. Activity data for each subject was recorded on two separate occasions of at least seven sequential nights utilizing an AW64 Actiwatch. Subjects were directed to wear the Actiwatches at all times. Removal was allowed only under limited circumstances.  Each Actiwatch was programmed with an epoch length of 30 seconds using Actiware® 5 application software and retrieved after the data collection period was completed. A sleep diary was provided for each subject in order to record bed times and rise times as well as any naps. Patients were trained on its use and asked to complete it daily. Once the data collection period was completed, the Actiwatch and diary were returned for data retrieval and storage.
Data scoring & Comparison

Rest Interval Start and End Times were set and stored for each data collection session in three separate analyses: 1) Diaries - Rest Interval Start Time and Stop Times were set to the time indicated that lights were turned off to go to sleep and where the subject rose from bed for the final time in the morning. 2) Visually – Rest Interval Start Time is usually visually indicated by a significant and sustained drop in overall activity levels. Transition from typical daytime activity to this sustained lower level was used as the primary indicator of Rest Interval Start Time. The time selected for the Rest Interval Start Time was placed at the point of this transition where the activity was first reduced. If the subject depressed the event marker button and this event marker was within 30 minutes of the time selected due to activity alone, then the event marker button time was used for the Rest Interval Start Time. The transition from a low overall level of activity typical of the Rest Interval to daytime levels is often much more pronounced than the Rest Interval Start Time. Just as with the Rest Interval Start Time, the Rest Interval End Time was set at the time of this transition. In this case the End Time was assigned to the last epochs of reduced activity. If the subject depressed the event marker button and this event marker was within 30 minutes of the time selected due to activity alone, then the event marker button time was used for Rest Interval End Time. 3) Auto Set Rest Interval – The Auto Set Rest Interval command of Actiware 5.5 was engaged to automatically apply the algorithm to set these values. We are comparing only the values for Rest Interval Start and End Times in this report, but a full set of actigraphically determined sleep statistics have been generated. An example of data scored in these three methods has been included in Figure 1.
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Fig 2. Example data from Actiwatch AW64 showing activity (black), sleep/wake scores(red) and rest intervals set using visual scoring (aqua) diary scoring (green) and scoring with the Auto Rest algorithm (blue). Note the minimal difference between the Auto Rest scoring algorithm and visual scoring.
From Table 1, it can be seen that in 85% of the nights the Rest Interval Start Time from the Auto Rest algorithm differed from visual scoring by less than 15mins, compared to 23 % of the time for analysis using sleep diary information. Also, for 89% of the nights the Rest Interval End Time from the Auto Rest algorithm differed from visual scoring by less than 15mins, compared to 20 % for sleep diaries. Rest interval duration derived from the Start and End times using the auto rest algorithm differed from visual scoring on an average by 15.78 ± 26.21, while sleep logs differed by 32.81 ± 34.4. 
Table 1.Comparison of Sleep Interval Start and End values from Sleep Diary and Auto Rest Interval Detection Algorithm to visual scoring.
	Interval Start Time
	

	
	
	

	Time difference
	Sleep diary
	Auto rest algorithm

	<15 mins
	23%
	85%

	15- 25 mins
	5%
	7%

	25 -55 mins
	24%
	5%

	55 -75 mins
	35%
	1%

	above 75 min
	13%
	2%

	
	
	

	Interval End Time 
	

	
	
	

	Time difference
	Sleep diary
	Auto rest algorithm

	<15 mins
	20%
	89%

	15- 25 mins
	6%
	3%

	25 -55 mins
	16%
	3%

	55 -75 mins
	41%
	2%

	above 75 min
	17%
	3%


Conclusions

The results from the Auto Rest Interval Detection algorithm more closely approximate the Rest Interval Start and End Times derived from visual scoring than when derived from diaries. These results indicate that the use of this method for initial scoring of Actiwatch data are likely to produce more consistent reproducible results that should result in less variation in sleep parameters derived from actimetry data. The visual scoring rules used here were very rudimentary, but are a realistic approximation of the rules utilized in both fundamental research as well as for pharmaceutical clinical trials. Considering the advantages of a repeatable, objective outcome, use of this algorithm for scoring Actiwatch data would be advantageous any time it intensive visual scoring cannot be accomplished. Certainly review of the results of the automatic scoring should be undertaken and deviations allowed. However, it would be recommended to document the reasons for overriding the automated scoring for the sake of consistency and objectivity.
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