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Background: A low level of physical activity impacts mental as well as physical health. This 

study investigated the daily lifestyle habits that affect physical activity in young children.

Methods: The relationship between physical activity, assessed by means of a Mini-Mitter 

Actiwatch device, and observed daily lifestyle habits was analyzed for 204 children, aged 12 to 

40 months (average: 22.6 months), for whom 6-consecutive-day data from both the Actiwatch 

and sleep log were obtained.

Results: An older age, male gender, and early waking time showed signifi cant positive cor-

relations with physical activity level. Multiple regression analysis revealed that these three 

variables were signifi cant predictors of physical activity.

Conclusion: Promoting an early rising time is suggested to be an important element of culti-

vating good health in young children.
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A British cohort study of more than 30 years’ duration (Viner and Hotopf 2004) has 

shown that sedentary behavior during childhood also increases the risk of chronic 

fatigue syndrome/myalgic encephalomyelitis. In contrast, physical activity (PA) 

decreases the risk of obesity, which is an important risk factor for cardiovascular and 

metabolic disorders (Haslam and James 2005). Moreover, PA is reported to enhance 

brain health in general (Cotman and Berchtold 2002). Exercise-derived benefi ts to 

brain function have been demonstrated at the molecular level (Berchtold et al 2005), 

and PA has been reported to decrease the risk for Alzheimer’s disease (Friedland 

et al 2001; Rovio et al 2005). PA is one of the key behavioral activities for promot-

ing healthy brain function in animals, including humans. Thus, identifi cation of the 

behavioral factors in childhood that increase the performance of PA is important for 

the promotion of both mental and physical health.

In 1979, 8.1% of children attending day nurseries in Japan were reported as yawning 

frequently in the morning, and 10.5% as becoming easily tired (Abe 2005). In 2000, 

these numbers increased remarkably, to 53.2% and 76.6%, respectively (Abe 2005). 

In accordance with these changes, the reported disturbance of basic daily life habits 

has progressively been increasing in young children in Japan; the rate of 3-year-old 

children who went to bed later than 10:00 pm was 22% in 1980, and 52% in 2000 

(Kawai 2001). I also reported that the rate of late sleepers whose sleep onset time 

was 10:00 pm or later was 43.0% among 307 18-month-old infants living in Tokyo, 

and 53.7% among 151 36-month-old infants living in Tokyo, respectively (Kohyama 

et al 2000). Moreover, I found 49.6% of 3-year-old children living in a suburb of 

Tokyo fell asleep at 10:00 pm or later (Kohyama et al 2002). Based on these fi gures, 

I hypothesized that the number of inactive children is increasing in Japan, and that 

the habits of basic daily life infl uence the activity level of these children. The present 
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study was a preparatory one, aiming to establish the effects 

of daily life habits on PA in young children.

Methods
Between July 2002 and November 2006, 285 children aged 

6–49 months were studied after obtaining written informed 

consent from their guardians. All of the children were 

recruited through the Chuo Honcho Public Health Center in 

the Adachi District of Tokyo, Japan.

Daily PA was assessed using the Mini-Mitter Actiwatch 

(model AWLP-AM) (AW), a small device (37 × 29 × 11 mm) 

consisting of an omnidirectional accelerometer sensitive to 

0.01 gravity (0.098 m/s2). The information on acceleration 

is altered into an electrical current that varies in magnitude, 

and is then stored as activity counts (Minimitter Company 

Incorporated 1999). The maximum sampling frequency is 

32 Hz (Minimitter Company Incorporated 1999; Lopez-

Alarcon et al 2004). The daily average activity counts per 

minute from waking in the morning until falling asleep in 

the evening [PA (counts/min/day)] were assessed.

According to previous studies (Nishihara et al 2002; 

Lopez-Alarcon et al 2004; Sulemana et al 2006), the AW 

device was placed on the ankle of each child for 7 consecu-

tive days, during which period the guardians recorded sleep 

logs for the children. Times when the AW was removed were 

also recorded. They were also asked to describe the child’s 

behavior in as much detail as possible during this period. No 

other special instruction was made for guardians and their 

children, and they were asked to live their ordinary daily 

lives. Activity counts and time duration in minutes during 

the period when the AW was removed (eg, during bathing) 

as well as the period when nap was taken were omitted from 

the calculated PA. Times of sleep onset and waking, includ-

ing napping, were confi rmed by matching the records in the 

sleep logs based on the observation of guardians with the 

AW data (Benson et al 2004). Since guardians were asked 

to record the time when their child fell asleep but not the 

time when the children went to bed, sleep latency could not 

be measured in the present study.

PA, nap duration on the day when PA was calculated, 

waking time on the morning of the day, sleep duration of the 

previous night, and sleep onset time of the previous night 

were examined. The average values for these measures were 

calculated for each child, and these average values were used 

for calculating correlation coeffi cients. The fl uctuation bands 

for sleep onset and waking times were calculated using the 

difference between the earliest and latest bedtimes within the 

recorded period. Correlation coeffi cients between PA and 

gender (male: 1, female: 2), age in months, sleep onset time 

of the previous night, sleep duration of the previous night, 

waking time in the morning, nap duration during the day, and 

the bands for sleep onset and waking times were assessed. 

Correlation coeffi cients of age in months with sleep onset 

time of the previous day, sleep duration of the previous night, 

waking time in the morning, and nap duration during the day 

were also calculated. Multiple linear regression analysis was 

used with PA as a dependent variable. The corresponding 

set of independent variables included age in months, gender, 

and daily life habits. p � 0.05 was considered statistically 

signifi cant.

Results
A complete 7-day data set from both the AW and sleep 

log were obtained for only 22 children. Fifty-nine children 

yielded data for �5 days. Consequently, 6-consecutive-day 

data from both the AW and sleep log were obtained from 204 

children (103 male and 101 female). The data obtained from 

these 204 children were used for analysis. Their ages ranged 

from 12 to 40 months (mean 22.6 ± 7.3 months).

In the sleep logs, most guardians described behaviors of 

their children in detail. According to these records, I judged 

that these children lived their ordinary daily lives even during 

the study period with AW on their ankle.

The average sleep onset time was 21:24 (range: 19:03–

24:08, standard deviation [SD]: 49.2 minutes) (Table 1). In 

42 children (20.6%), the average sleep onset time was 22:00 

or later. The average night sleep duration was 9.9 hours 

(range: 7.8–14.0, SD: 0.8), waking time was 7:19 (range: 

5:05–10:29, SD: 49.8 minutes), nap duration was 1.7 hours 

(range: 0–3.3, SD: 0.6), the fl uctuation band for the sleep 

onset time was 1.7 hours (range: 0–6.5, SD: 1.2) and that 

for the waking time was 1.5 hours (range: 0.2–7.0, SD: 0.9), 

respectively (Table 1).

Among the correlation coeffi cients calculated (Table 2), 

signifi cant positive correlations were obtained between older 

age and PA, as well as sleep onset time and waking time. Sig-

nifi cant negative correlations were obtained between waking 

Table 1 Average values for daily life habits

 Mean value (range) SD

Sleep onset time (clock time) 21:24 (19:03–24:08)  49.2 min
Night sleep duration (h) 9.9 (7.8–14.0) 0.8
Waking time (clock time) 7:19 (5:05–10:29) 49.8 min
Nap duration (h) 1.7 (0–3.3) 0.6
Band for sleep onset time (h) 1.7 (0–6.5) 1.2
Band for waking time (h) 1.5 (0.2–7.0) 0.9
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time and PA, and between age and nap duration. According 

to the correlation coeffi cient between PA and gender, males 

were found to increase PA signifi cantly. PA also increased 

signifi cantly with an older age and early waking time. Using 

7:30 am as a cut-off time, and comparing PA, the average 

PA of children who woke up earlier than 7:30 (442.1, SD: 

95.7, n = 124) was signifi cantly higher than that of children 

who woke up at 7:30 am or later (402.9, SD: 96.9, n = 80) 

(p � 0.005).

Based on multiple linear regression analysis, a signifi -

cantly predictable regression formula was obtained for PA. 

Signifi cant regression coeffi cients with respect to PA was 

obtained for gender (p = 0.006), waking time (p = 0.008), 

and months of age (p = 0.010).

Discussion
In this study, daily PA was assessed by means of AW, which 

has been reported as a valid and useful device for the assess-

ment of PA in children (Puyau et al 2002). In adults, AW is 

worn on the wrist, but it is also worn on the belt or on the 

ankle in children and adolescents. Although it is hard to say 

that ankle activity is fully correlated with overall systematic 

muscular activity, several papers reported that PA measured 

by AW on the ankle could be an indicator of PA in infants 

(Nishihara et al 2002), children (Lopez-Alarcon et al 2004), 

and in adolescents (Sulemana et al 2006). According to these 

reports, I placed AW on the ankle, though its adequacy needs 

to be discussed. None of the children included in this study 

were too young to walk.

This study determined times of sleep onset and waking 

including napping by matching the records in the sleep logs 

with the AW data. Acebo and colleagues (2005) reported 

the overall similarities between actigraph sleep measures 

and mother-reported measures, although actigraph-based 

nocturnal wake minutes were higher than maternal diary 

reports. Since the present study neglected nocturnal wak-

ing, an adequacy of determined data was considered as 

proper.

This study reveals PA to be signifi cantly correlated with 

older age and male gender. These results are consistent with 

our experience that the activity of a child increases with age, 

and that male children are generally more active than female 

children. In addition, the present study shows a signifi cant 

negative correlation between age and nap duration. This 

fi nding is also in accord with previous reports (Weissbluth 

1995).

In this study, nocturnal sleep and nap duration did not 

exhibit a signifi cant correlation with PA. If one presumes 

that adequate rest is indispensable for increasing PA, then 

children who sleep properly might have better PA. However, 

our fi ndings did not support this assumption. The required 

sleep duration for an individual is very diffi cult to determine 

because the need for sleep is variable (Carskadon and Dement 

2005). One explanation may be that individual requirements 

for sleep vary, and thus there is no single specifi c sleep 

amount that is predictive of PA.

In the preliminary study (Yokomaku and Kohyama 

2006), children who had smaller bands for sleep onset 

and waking times showed lower (= better) scores for 

some subscales of child behavior check list than those 

who had larger bands, and the distribution of clinical 

classifi cation were signifi cantly better for children with 

smaller band for sleep onset than those who had a larger 

one. However, in the current study, fl uctuation bands for 

sleep onset and waking times did not affect PA. Effects of 

regularity of daily life habits on the child’s health remain 

to be discussed.

The current study does, however, show PA to be signifi -

cantly correlated with earlier waking time, and late risers 

were found to be more inactive than early risers. PA has so 

far been discussed as a key behavioral activity for promoting 

healthy brain function. However, patients with attention-

defi cit/hyperactivity disorder are known to be pathologically 

overactive (Simms 2004). In addition, these patients are also 

widely reported to be poor sleepers (O’Brien et al 2003), and 

sleep disorders including obstructive sleep apnea syndrome 

frequently result in behavioral symptoms such as hyperactiv-

ity (Simms 2004). Early risers who are sleep-deprived could 

exhibit pathological daytime over-activity, resulting in the 

increase of PA. It is hard to rule out this possibility, since 

Table 2 Correlation coeffi cients for the obtained data

(n = 204) gender Age in Sleep Sleep Waking Nap Band for Band for
 (male:1, months onset duration time of duration sleep waking
 female: 2)  time of the night the day of the day onset time time
PA −0.21** 0.14* −0.07 −0.11 −0.17* −0.07 −0.01 −0.09
Age in months nc nc 0.17* 0.05 0.21** −0.29** 0.10 −0.03

Notes: *p � 0.05; **p � 0.01; nc: not calculated.
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the present device for calculating PA does not discriminate 

between normal and pathological activity. However, with the 

increasing numbers of children who go to bed late at night 

and wake up late in the morning (Kawai 2001), there is con-

siderable concern among nursery staffs that the number of 

children who are exhausted or inactive is increasing (Suzuki 

et al 2002). A currently obtained result that late risers were 

more inactive than early risers might be a clue to help these 

inactive children. But why were late risers more inactive than 

early risers? One possible explanation could be the involve-

ment of morning light.

Morning light is known to be a powerful cue for short-

ening the circadian cycle of the biological clock, which is 

naturally longer than 24 h in most humans (Wever 1979). 

Consequently, morning light synchronizes the circadian cycle 

of the biological clock with the 24 h cycle of the earth (Minors 

et al 1991). Without this time cue, our daily rhythms are apt 

to act abnormally causing tiredness, impaired alertness and 

performance, disorientation, gastrointestinal problems, loss 

of appetite, and inappropriate timing of defecation (Arendt 

et al 2005). In addition, light exposure in the morning has 

been reported to be effective for patients with depression 

(Goel et al 2003; Baghai et al 2006; Jorm et al 2006) and 

seasonal affective disorder (Terman et al 1989; Terman and 

Terman 2005; Michalak et al 2007). Lack of exposure to 

morning light must produce an unfavorable condition for 

these patients, and might also be so for young late risers in 

Japan.

However, the current study did not measure the duration 

and intensity of light exposure for each child. This is a cen-

tral issue which remains to be determined to test the current 

hypothesis on the role of morning light. This pilot study 

has another weakness, which is that no socio-economic or 

socio-educational data on the families were obtained. These 

factors could affect both basic daily life habits and PA, and 

should be assessed in future studies.

The average sleep onset and waking times obtained in 

the current study, 21:24 and 7:19, respectively, are earlier 

than those in the previous study from 2002: 21:44 and 7:48, 

respectively (Kohyama et al 2002). In addition, the rate of 

children who fell asleep at 22:00 or later was reduced in 

the current study than in our former studies (Kohyama et al 

2000; 2002). A recent nationwide social promotion program 

to encourage children waking up early in the morning and 

going to bed early in the night, supported by the Ministry of 

Education, Culture, Sports, Science and Technology, might 

have contributed to this differing result. However, the current 

study also showed a positive signifi cant correlation between 

age and both sleep onset and waking times. The social 

promotion of the favorable daily life habits on physical and 

mental health should be continued.
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