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Deterioration in quality of sleep (QOS) according to aging decreases quality of life (QOL). It is important to maintain QOS 

high and healthy in the lifestyle and also from respect of the occupational health. Here, we tried the noninvasive evaluation of QOS 

by installing wristwatch-type motion sensors for corporate workers.  

Subjects were 6 male employees (mean age, 50.5  2.6 years old) of a machine manufacturer located in Inuyama City who 

underwent a company-wide medical check-up. They were judged by the health management center the needed lifestyle guidance. 

Subjects undertook the Anti-Aging QOL Common Questionnaire (AAQol) and QOS analysis by using a three-dimension 

accelerometer (Actigraph, A.M.I., USA). The sensor was continuously installed in the subject for one week and the body motion 

measurement was performed. The data was analyzed by software AW2 (A.M.I.) referring to the sleep diary described.  

Problems were not noted in the subjective symptom or their lifestyle by AAQol. 

Various sleep parameters were calculated from the continuum movement measurements of one week of each subject. The sleep 

efficiency was more than 90% and the total sleep time 6 hours or more in all subjects. The difference was noted in the amount of the 

mean activity and number of awakening episodes during sleep. In a subject accompanied abdominal pain during the observation 

period, the number of awakening episodes increased and the sleep efficiency decreased to less than 70%, indicating low QOS. The 

daytime mean activity was low with high frequency of the doze the next day of the low QOS sleep. 

The monitor of the physical movement for 24 hours by an accelerometer may be useful for the quantitative evaluation of QOS 

and the activity level in daytime. 
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Fig. 1 Sleep diary and activity data from actigraph. 

 
Table 1. Sleep parameter by actigraph.  

Status Parameter Explanation Unit 

Awaking 

Daytime mean activity Amount of mean activity in the daytime number/min 

Awoken time Time of being awoken min 

Sleeping time Time to doze min 

Number of doze Number of doze (> 5 min) while awaking number 

Lying Sleep latency Goodness of going to sleep min 

Sleeping 

Sleep efficiency 
Minutes of sleeping time/Minutes of main 

sleeping ×100 
 

Number of awakening 

episodes (> 1 min) 
Marker of awakening during sleep number 

Number of awakening 

episodes (> 5 min) 
Marker of awakening during sleep number 

Mean activity during sleep Amount of mean activity while sleeping number/min 

A whole day 
Total sleeping time  min 

Total activity time  min 
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2 2
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Table 2. Sleep parameter in each subject. 

 Sleeping 

ID # Sleep efficinecy 
Number of wakening 

episodes (> 1 min) 

Number of wakening 

episodes (> 5 min) 
Mean activity 

 % Number Number Number/min 

1 95.4  ± 5.5  3.0  ± 1.8  1.2  ± 1.0  1.2 ± 5.7 

2 91.6  ± 9.4  9.0  ± 8.3  2.0  ± 2.7  17.9 ± 7.3 

3 98.7  ± 1.6  1.8  ± 1.5  0.3  ± 0.5  9.0 ± 2.2 

4 95.8  ± 3.2  7.7  ± 4.1  1.2  ± 1.6  13.6 ± 2.5 

5 94.3  ± 2.9  7.3  ± 3.0  2.3  ± 0.8  12.9 ± 3.0 

6 90.3  ± 5.4  11.7  ± 7.1  3.0  ± 1.9  3.0 ± 8.1 

             

 A whole day Awaking Lying    

ID # Total sleeping time Mean activity Sleep latency    

 Min Number/min Min    

1 441.0  ± 53.4  209.2  ± 19.7  13.2  ± 14.3     

2 405.7  ± 33.4  195.9  ± 19.8  8.0  ± 5.1    

3 481.1  ± 33.8  155.3  ± 35.2  23.8  ± 36.1     

4 441.3  ± 78.0  190.8  ± 45.4  25.5  ± 17.3     

5 402.8  ± 70.9  215.4  ± 27.5  7.2  ± 1.7     

6 379.5  ± 78.0  186.4  ± 10.9  5.7  ± 3.0     

Data was expressed as mean±SD. 
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Fig. 2 Data from actigraph in a case (ID #2). 
 
 

 
Fig. 3  Daytime mean activity (ID #2). 

 
Fig. 4 Number of doze in a daytime (ID #2). 

 

 

Fig. 5 Sleep efficiency (ID #2). 

 
Fig. 6 Mean activity during sleep (ID #2). 
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Fig. 7 Number of awakening episodes (> 1 min) (ID 

#2). 

 
Fig. 8  Number of awakening episodes (> 5 min) (ID 

#2).

QOS  

(1) (2) 

(3) (4) 

(5) 5
10)

QOS

 

QOS Pittsburgh Sleep Quality Index (PSQI)

10,17,20,21)

QOS (PSG)

22)

QOS

QOS
23,24)

 

 

 

 

 

 

QOS

 

 

 

33



34

QOS 25) 26)

27) 28) 29)

 

ID #1

ID #3

8

ID #6

QOS

 

 

3 QOS

30-33)

QOS

 
 

JST 2009

 
 

1) “

” 59(3)

476-480 (2004). 

2) T. Sukegawa, M. Itoga, H. Seno, S. Miura, T. Inagaki W. 

Saito, J. Uegaki, T. Miyaoka, I. Momose, K. Kasahara, R. 

Oshiro, Y. Shimizu, R. Yasukawa, T. Mihara, T. Maeda, S. 

Mizuno, K. Tsubouchi, Y. Inami and J. Horiguchi, “Sleep 

disturbances and depression in the elderly in Japan”, 

Psychiatry Clin Neurosci, 57(3), 265-270 (2003). 

3) “

”

17(12) 1259-1264 (2006). 

4) “

” 19

3-12 (2006). 

5) “

Non-patient IBS ” CAMPUS 

HEALTH 38(2) 317-320 (2002). 

6) 

“

”

4 15-26 (2003). 

7) “

”

46(5) 369-375 (2006). 

8) H. Pallos, V. Gergely, N. Yamada, S. Miyazaki and 

Okawa M, “ The quality of sleep and factors associated 

with poor sleep in Japanese graduate students”, Sleep and 

Biological Rhythms, 5(4), 234-238 (2007). 

9) S. Brand, B. Hermann, F. Muheim and J. Beck, 

“Holsboer-Trachsler E.Sleep patterns, work, and strain 

among young students in hospitality and tourism”, Ind 

Health, 46(3), 199-209 (2008). 

10) “Pittsburgh Sleep Quality Index

” 49(7)

817-825 (2009). 

11) “ IT

” 15(4) 247-250 

(2008). 

12) “

” 62(5-6)  145-151 (2008). 

13) R. J. Cole, D. F. Kripke, W. Gruen, D.J. Mullaney and J. 

C. Gillin, “Automatic sleep/wake identification from 

34



35

wrist activity”, Sleep, 15(5), 461-469 (1992). 

14) S. Ancoli-Israel, R. Cole, C. Alessi, M. Chambers, W. 

Moorcroft and C. P. Pollak, “The role of actigraphy in the 

study of sleep and circadian rhythms”, Sleep, 26(3), 

342-392 (2003). 

15) S. Ancoli-Israel, “Actigraphy”, In: M. H. Kryger, T. Roth, 

W. C. Dement eds, Principles and Practice of Sleep 

Medicine. Fourth Edition, Elsevier Saunders, 

Philaderphia, 1459-1467 (2005). 

16) S. Shirakawa, “Ambulant Long-term Monitoring of 

Activity and Body Temperature”, Medical and Biological 

Engineering, 46(2), 0-168 (2008). 

17) Y. Yonei, Y. Takahashi, Y. Shionoiri and S. Inada, 

“Evaluation of the effect of αGel embedded mattresses as 

bedding on the mind and body”, Anti-Aging Medicine 

4(1), 11-18 (2007). 

18) R. Miyazaki, T. Hasegawa, N. Fujioka, M. Iwabayashi, K. 

Nomoto, H. Takahashi, U. Hamada, H. Ichikawa, K. Ishii 

and Y. Yonei, “Effects on anti-aging indicators in 

middle-aged men of an intervention to prevent 

lifestyle-related diseases: pilot study utilizing a 

company-wide anti-aging medical checkup and 

pedometers”, Anti-Aging Medicine, 6(9), 83-94 (2009). 

19) E. Ravussin, “Physiology, A NEAT way to control 

weight?”, Science, 307(5709), 530-531 (2005). 

20) Y. Doi, M. Minowa, M. Uchiyama and M. Okawa, 

“Subjective sleep quality and sleep problems in the 

general Japanese adult population”, Psychiatry Clin 

Neurosci, 55(3), 213-215 (2001). 

21) “

” 46(7) 667-676 (2006). 

22) “Pittsburgh Sleep Quality Index

” 49(7)

817-825 (2009). 

23) “

”

56(10) 858-861 (2008). 

24) “Actigram

”

8 1-10 (2001). 

25) “

L-

” 9(4) 143-150 (2004). 

26) 

“

” 26

21-22 (2005). 

27) 

“

ICU

”

: 36 79-81 (2005). 

28) “

”

34(11) 1497-1500 (2004). 

29) A. Nasermoaddeli, M. Sekine, S. Hamanishi and S. 

Kagamimori, “Job strain and sSleep suality in Japanese 

civil servants with special reference to sense of 

coherence”, Journal of Occupational Health, 44(5), 

337-342 (2002). 

30) “

”

7(3) 242-250 1999. 

31) Y. Sasazawa, M. Ogawa, T. Kawada, S. Suzuki and M. I. 

Z. Duki, “Afternoon exercise improves the quality of 

night sleep: a case study observed by EEG and self-rating 

scale”, Journal of Occupational Health, 40(1), 37-43 

(1998). 

32) H. Tanaka, K. Taira, M. Arakawa, C. Urasaki, Y. 

Yamamoto, H. Okuma, E. Uezu, Y. Sugita and S. 

Shirakawa, “Short naps and exercise improve sleep 

quality and mental health in the elderly”, Psychiatry Clin 

Neurosci, 56(3), 233-234 (2002). 

35



36

33) “

”

11(4) 163-168 (2006). 

34) “

” 18 95-99 (2008). 

 

36


