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An Epidemiological Sleep Study Using a Large—scale Database of Body Acceleration Data in
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The recent development and prevalence of 10T (Internet of Things) wearable devices enable us to collect large-scale
biological signals (e.g., wrist acceleration data, heart rate) which are objectively measured in daily life. The utility of such
bigdata is thought to have a great potential for establishing a new type of epidemiological research, referred to as ‘ecological
epidemiology’. The realization of such new research could provide unprecedented health- and disease-related knowledge at
the population and/or at the worldwide levels in a real-time fashion. In this thesis, with an assumption of a future scenario in
which biological bigdata are available by 10T devices, a blueprint of ecological epidemiology was provided by showing
utilities of biological bigdata (specifically, tri-axial trunk acceleration collected from about 70,000 individuals) in sleep
studies. The thesis has consisted of three studies as follows.

First, sleep—wake classifiers using machine learning approaches was developed. Briefly, we first conducted simultaneous
measurements of Holter monitoring and Actigraphy (Ambulatory Monitoring Inc., Ardsley, NY; a reliable assessment of habitual
sleep) and then trained classifiers [support vector machine (SVM), k-nearest neighbor, and k-means clustering], in which local
statistics derived from Holter acceleration data were as feature vectors inputting machines and sleep—wake states derived from
actigraph data were as supervised data. The SVM-based classifier showed the highest agreement in sleep—wake estimation with
actigraph data (accuracy = 94.4 + 3.8%, specificity = 94.2 + 5.2%, sensitivity = 94.8 + 3.9%, and F1-score = 92.0 £ 4.5%). We
further developed an algorithm to score sleep parameters and then validated their accuracy; seven sleep parameters, in-bed time
(IBT), get-up time (GUT), time-in-bed (TIB), sleep latency (SL), wake time after sleep onset (WASO), total sleep time (TST),
and sleep efficiency (SE), were nicely coincident with those of actigraph without any significant difference. These algorithms
enable us to obtain large-scale data of objective sleep parameters in a Japanese population.

Second, by using the derived objective sleep data, an epidemiological sleep study on age- and gender-effects on Japanese
sleep habits was conducted. To this end, age-related variations of sleep parameters from adolescents to the elderly (10-89
years old) were analyzed, by which a variety of considerable results were obtained. For example, we found a U-shaped
association with increasing age in sleep durations assessed by TIB and TST for the first time. In addition, a progressive
reduction in sleep quality with age (more evident after the middle-aged), mainly caused by the increase of WASO. Further,
gender comparisons showed that TST was shorter in women than in similarly aged men, which is much evident after the age
of 30 years. This was associated with later bedtimes and age-related deterioration of sleep quality in women; women over
age 50 demonstrated a more significant reduction in SE is related to the increase of nighttime awakening durations. Those
age and gender differences are thought to be attributed to several intricately intertwined causes, including biological aging,
as well as socio-cultural and socio-familial factors in Japan.

Third, seasonal variations of sleep parameters and further identified meteorological factors [e.g., ambient temperature
(Ta), humidity, and sunlight] contributing to the seasonality were examined. Sleep parameters (TST, SL, SE, and WASO)
demonstrated significant seasonal variations, showing the worsening of sleep quality in summer compared with the remaining
seasons. While the IBT did not show clear seasonality, the GUT varied seasonally, with a nadir during summer. Further, we
identified that Ta had a practically meaningful association with sleep quality, indicating that sleep quality worsened with the
increase of Ta. This association would partly explain seasonal variations in sleep quality among seasons, while bedtime were
affected by social rhythms in daily life.

In conclusion, epidemiological insight into Japanese sleep habits (age, gender, and seasonal influences on sleep) were
obtained by this study, which have not been reported so far by objective and reliable approaches. Furthermore, the current
attempts had valuable contributions to establish ecological epidemiology in the field of sleep studies.
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