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Measurement of various 
intensities of physical 
activities and categorization 
of “Locomotive” and “Household” 
activities provide a subject‑specific 
detailed assessment
Ryuichiro Inaba1, Satoshi Yamakawa2, Takashi Kanamoto1, Sho Ukimoto1, Seira Sato1, 
Issei Ogasawara3, Shoji Konda3, Teruki Yokoyama1, Yuko Ueda1, Takashi Onuki4 & 
Ken Nakata1*

This study aimed to compare the physical activity (PA) measured by a wearable sensor device (WSD) 
and the step count measurement, and to investigate the association between PAs and lifestyle. Data 
of 301 participants were collected from March 2019 to March 2021. Step counts, sedentary behavior, 
performance time of light/moderate/vigorous PA, METs × hour of “Locomotive” and “Household” 
categorized activities, and energy expenditure (EE) were measured by the WSD, respectively. 
Furthermore, the participants were classified into student, standing worker, and sitting worker 
groups. Data were analyzed using the Steel–Dwass and Pearson correlation coefficient tests. The 
correlation between the performance time of each PA and step count was weak, except for moderate 
PA. “Household” EE and step count also had a weak correlation. In the comparison of lifestyle, there 
was a significant difference in the mean performance time of each type of PA between the groups. 
Additionally, the standing worker and sitting worker groups had a significant difference in METs × hour 
of "Household" activities, indicating that the difference between the occupations is reflected in 
“Household” activities. The WSD measurement can be used to evaluate detailed individual PA, 
whereas the step count measurement showed weakness in the PA estimation.

Physical inactivity is a common health issue for people  worldwide1. It is well known as a risk factor for develop-
ing non-communicable diseases (NCDs), such as coronary heart disease, type 2 diabetes, and breast and colon 
 cancers2. Physical inactivity is the fourth leading cause of death  worldwide3, and NCDs accounted for more 
than 70% of all deaths in  20174. Resolving the issue of physical inactivity reduces the risk of developing NCDs 
by 6–10% and significantly contributes to increasing life  expectancy2. Many countries and institutions have 
developed guidelines for the recommendation of daily exercise for the solution of physical  inactivity5–9. For 
example, the Ministry of Health, Labor and Welfare of Japan recommends performing physical activity (PA) 
with the same intensity as moderate walking or higher intensity PA for 60 min daily for people aged 18–64 years. 
It is approximately the same as 8000 to 10 000 steps/day, including low-intensity level  walking6. However, it is 
necessary to quantify the amount of PA to better understand the activities that have been carried out in person.

Many investigators have attempted to quantify PA, and several methodologies have been developed. The 
International Physical Activity Questionnaire and Global Physical Activity Questionnaire have been developed 
as subjective questionnaire methods and have become common in general health  investigations10,11. In these 
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methodologies, it is difficult to analyze detailed PA situations, such as the intensity of the activities and its per-
formance time because of the participant’s self-assessment12. However, investigators focused on walking, which is 
one of the major PAs in human daily activities, and evaluated PA using a  pedometer13. Although the step counts 
could roughly evaluate all PAs on 1 day, it was difficult to measure the intensity of the PA and its performance 
time. First, the definition of PA is, "any bodily movement produced by skeletal muscles that require energy 
expenditure"14. This definition means that the PA includes not only sports activities but also activities of daily 
living, such as housework, commuting, shopping, gardening, and leisure activities. Thus, quantifying the intensity 
of PA is necessary to understand the PA situation and assess the effect of the situation on one’s health condition. 
In fact, the World Health Organization (WHO) developed guidelines based on PA  intensity7. The intensity of 
PA is described by METs. The baseline of METs is set at no activity state with supine posture, and it is described 
as "1” and/or “sedentary behavior (SB)." Then, based on 1 METs, it is classified into three states: light physical 
activity (LPA: 1.5–2.9 METs), moderate physical activity (MPA: 3.0–5.9 METs), and vigorous physical activity 
(VPA: > 6.0 METs). In addition, MPA and VPA are often described together as moderate to vigorous physical 
activity (MVPA)15. In 2020, WHO revised PA guidelines which has previously recommended, recommending 
that adults aged 18–64 should do > 150 min of MPA or > 75 min VPA per  week7.

In recent research, wearable sensor devices (WSDs) equipped with accelerometers have been  featured13,16,17. 
These devices can measure the PA intensity and its performance time by measuring three-dimensional body 
acceleration. Some reports have indicated the usability of the device, and it has also been used in large-scale 
 studies13,18–20. The WSD has been functionally improved daily, and some models provide interesting functions. 
For example, a WSD that can categorize PA into "Locomotive" and "Household" activities has  emerged21,22. Basi-
cally, "Locomotive" activities are recognized as activities with steps, such as walking and running, and whereas 
"Household" activities are recognized as activities without steps, such as doing laundry and dishwashing. These 
categories of PA are useful for characterizing an individual’s lifestyle with a quantitative measurement of each 
type of PA. However, previous studies mainly focused on sports activities categorized as "Locomotive" activities, 
even though the "Household" activities are also important for PA evaluation in all daily individual activities. 
Thus, more detailed investigations focused on both "Locomotive" and "Household" activities are required for PA 
assessment. The WSD is expected to develop application tools that continuously measure PA in several fields. 
Many reports have compared PA measured using the WSD to a  questionnaire23,24. However, there are few reports 
comparing the WSD-measured PA and step counts. Additionally, in people’s recently diversified lifestyles, more 
detailed PA data are required, and it can be expected that characterizing lifestyles from the obtained PA data 
will lead to more active PA implementation. Therefore, the objectives of the present study were to compare the 
PA measured by a WSD and the step count data, and to investigate the association between PAs and lifestyle.

Results
Seventy-three of 301 participants were excluded from the study because of mismatching age requirements (n = 3), 
insufficient wearing time (n = 67), insufficient physical data (n = 1), malfunction of the device (n = 1), and sub-
merged device (n = 1) (Fig. 1). The included participants were 228 with valid accelerometer data (69 men; age, 
36.3 ± 14.3 years; body mass index [BMI] 21.1 ± 2.6 kg/m2; Table 1).

In analysis of the correlation between the step counts and performance time of each type of PA, the SB showed 
a negative correlation (Fig. 2A), and the LPA, MVPA, MPA, and VPA showed a positive correlation (Fig. 2B–E). 

Figure 1.  Flow chart showing the selection process of participants in the present study. WSD wearable sensor 
device.
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The correlation between step counts and MPA and MVPA was strong (r = 0.876 and r = 0.814, respectively), 
whereas the correlation between step counts and SB, LPA, and VPA was moderate (r =  − 0.472, r = 0.425, and 
r = 0.463, respectively). In addition, a strong correlation was found between the step counts and “Locomotive” 
EE (r = 0.855) (Fig. 3A), whereas a weak correlation was found between the step counts and “Household” EE 
(r = 0.341) (Fig. 3B). Overall, 79.8% of participants showed a higher EE in “Household” activities than that of 
“Locomotive” activities (Fig. 3C).

All participants were divided into four groups based on the target line for the step counts and VPA perfor-
mance time from the WHO  recommendations7 (performing the VPA for 75 min a week) and Lee et al.’s  study25 
(performing 7500 steps a day). The first quadrant included 25 participants (11.0%), second quadrant included 
91 participants (39.9%), third quadrant included 106 participants (46.5%), and fourth quadrant included six 
participants (2.6%) (Fig. 4).

Regarding lifestyle, the age of the student group was significantly lower than that of the other groups, and the 
height of the standing worker group was significantly lower than that of the student group. There were no sig-
nificant differences in body weight and BMI between the groups (Table 1). The student group had a significantly 
shorter wearing time than the standing worker and sitting worker groups (753.5 ± 72.5 min/day, 789.9 ± 79.4 min/
day, and 791.7 ± 92.1 min/day, respectively; p = 0.014 and p = 0.031, respectively). Regarding step counts, the 
student group was significantly smaller than the standing worker group (p = 0.015) (Fig. 5A). Regarding the PA 
performance time, the student group had a significantly longer SB performance time (p < 0.001) and significantly 
shorter LPA, MPA, and MVPA performance times than the standing worker group (p < 0.001, p < 0.001, and 

Table 1.  Participant characteristic. BMI body mass index; vs. versus. Values are expressed as the 
mean ± standard deviation. a: p < 0.05 vs. Student group. b: p < 0.05 vs. Standing worker group. c: p < 0.05 vs. 
Sitting worker group.

All Student Standing worker Sitting worker

N (men) 228 (69) 87 (43) 67 (10) 74 (16)

Age (y) 36.3 ± 14.3 20.4 ± 3.2b,c 46.4 ± 7.6a 45.8 ± 9.2a

Height (cm) 162.6 ± 7.8 164.9 ± 8.4b 160.1 ± 7.5a 162.1 ± 6.7

Weight (kg) 56.0 ± 9.4 56.8 ± 9.0 54.1 ± 9.3 56.9 ± 9.8

BMI (kg/m2) 21.1 ± 2.6 20.8 ± 2.1 21.0 ± 2.6 21.6 ± 3.0

BMI categories

Nomal (< 25.0 kg/m2) 213 84 63 66

Obese (≥ 25.0 kg/m2) 15 3 4 8

Figure 2.  Scatterplots depicting the relationship between each type of physical activity and step counts of 
the total participants. (A) Sedentary behavior and step counts, (B) light physical activity and step counts, (C) 
moderate to vigorous physical activity and step counts, (D) moderate physical activity and step counts, (E) 
vigorous physical activity and step counts. : Student group; : Standing worker group; : Sitting worker 
group.
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p < 0.001, respectively), and the student group had significantly shorter LPA and MPA performance times than 
the sitting worker group (p < 0.001 and p = 0.036, respectively). The sitting worker group had a significantly longer 
SB performance time (p < 0.001) and significantly shorter LPA, MPA, and MVPA performance times than the 
standing worker group (p = 0.003, p = 0.001, and p = 0.004, respectively). However, regarding VPA, the perfor-
mance time in the student group was significantly longer than those in the standing worker group and sitting 
worker group (p = 0.041 and p = 0.021, respectively) (Fig. 5B). The magnitude of the exercise (≥ 1.6 METs × hour) 
in locomotive activities was significantly lower in the sitting worker group than in the standing worker group 
(p = 0.047). Additionally, all categories of “Household” activities (METs (≥ 1.6) × hour, METs (≥ 3.0) × hour, and 
EE) of the student group were significantly lower than those of the standing worker group (p < 0.001, p < 0.001, 
and p < 0.001 respectively), and both categories of the magnitude of exercise of “Household” activities (METs 
(≥ 1.6) × hour and METs (≥ 3.0) × hour) were significantly lower in the student group than in the sitting worker 
group (p < 0.001 and p = 0.036, respectively). Similarly, all categories of “Household” activities were significantly 
lower in the sitting worker group than in the standing worker group (p = 0.004, p < 0.001, and p = 0.033, respec-
tively) (Fig. 6A,B).

Figure 3.  Scatterplots depicting the relationship between energy expenditure (EE) and step counts of the total 
sample and ratio of “Locomotive” and “Household” EE. (A) “Locomotive” EE and step counts, (B) “Household” 
EE and step counts, (C) histogram of the ratio of “Household” EE to “Locomotive” EE. (The vertical line (x = 1) 
means that the EE of “Locomotive” activities and “Household” activities in a day are equal). : Student group; 

: Standing worker group; : Sitting worker group.

Figure 4.  Scatterplots depicting the relationship between vigorous physical activity (VPA) (per week) and step 
counts of all participants. The vertical line indicates the VPA guidelines (≥ 75 min/week) recommended by the 
World Health Organization, and the horizontal line indicates the step count recommendation for older women 
(≥ 7500 steps/day), as reported by Lee et al.25. : Student group; : Standing worker group; : Sitting worker 
group. Upper right: first quadrant; upper left: second quadrant; lower left: third quadrant; lower right: fourth 
quadrant.
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Discussion
In the present study, the intensity of PAs (METs) and EE of participants were qualitatively and quantitatively 
evaluated using a WSD equipped with an accelerometer. The correlation between the performance time of each 
PA and step counts was weak, except for MPA and MVPA. Additionally, “Household” EE and step counts had 
a weak correlation. In the comparison of lifestyle, there was a significant difference in the mean performance 
time of each type of PA between the groups. There was also a significant difference in METs × hours and EE of 
"Household" activities between the standing worker and sitting worker groups.

Regarding the correlation of the step counts and performance time of each type of PA, the intensity of cor-
relation depended on the type of PA. Many studies have been conducted to evaluate individual PA based on step 
 counts13,26–28, but in the present study, it was clear that there were difficulties in estimating only the step counts in 
some of the intensities of PA due to the weak correlation. Thus, it is indispensable to quantitatively evaluate the 
PA for each intensity using a WSD. In addition, the correlation between the step counts and EE in “Household” 
activities was also weak. Furthermore, in the evaluation of the ratio of EE in “Locomotive” and “Household” 
activities, it was found that 79.8% of all participants expended most of their energy performing “Household” 
activities. Thus, “Household” activities are important for evaluating the PA of one’s daily life, and it is required 
to measure them by using a WSD.

Figure 5.  Step counts (A) and mean performance time of sedentary behavior (SB) and each type of physical 
activity (B) in the student, standing worker and sitting worker groups. LPA light physical activity; MVPA 
moderate to vigorous physical activity; MPA moderate physical activity; VPA vigorous physical activity. 
*p < 0.05.

Figure 6.  Magnitude of exercise (METs × hour) (A) and energy expenditure (B) of “Locomotive” and 
“Household” activities in the student, standing worker, and sitting worker groups. *p < 0.05.
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Concerning the distribution of the step counts and weekly VPA performance time, 2.6% of participants were 
in the fourth quadrant, which means that those participants intentionally engaged in sports activities while walk-
ing less. In other words, by grouping participants in each quadrant using the WSD, it was possible to clarify the 
characteristics of each group, which cannot be seen by only conventional evaluation based on the average value 
of the entire  group12,18–20. The evaluation of step counts is a simple and easy-to-use method for estimating daily 
physical activities. However, many people suffered physical inactivity in their lives and they try to perform sports 
activities including high-intensity activities to improve their situation, and those people increase these days. In 
those people, it is assumed that the step count is small while the VPA performing time is large. Thus, estimating 
the daily physical activities by step counts has a limitation for understanding the recent diversified lives. For 
solving the limitation of the step counts, using the WSD equipped with the accelerometer is more useful and that 
device may provide proper information to improve the physical inactivity daily lives.

In the comparison of lifestyles, students had low step counts and a long SB performance time, whereas their 
VPA performance time was long. However, workers had not only high step counts and a short SB performance 
time but also long LPA and MPA performance times. In the student group, many classes are held in the day 
in college and students spend most of the day sitting; therefore, it is assumed that this routine was the cause 
of the low step counts and long SB performance time. Long VPA performance time in the student group may 
have been caused by club activities and/or similar opportunities to perform sports  activities29 In both worker 
groups (i.e., standing worker group and sitting worker group), workers probably move around in the workplace 
because of the working task they are  performing30,31, and they do not have the opportunity to perform sports 
activities compared to students; hence, it is assumed that those situations are reflected in the WSD measurement 
data. From the above results, it was found in the WSD that the characteristics of the lifestyle in each group are 
reflected in both the step counts and performance time of each intensity of the PA. In addition, there was a sig-
nificant difference in the PA performance time, “Household” METs × hour, and EE between the worker groups. 
The standing worker group performs a working task that requires changing places, carrying stuff, and so  on30,31, 
and these working tasks may be distinguished from “Household” activities. In contrast, the sitting worker group 
mainly works at a  desk30,32 and does not perform many intense activities. Detailed PA data obtained by the WSD 
clarified the difference between each group, and it is necessary to properly evaluate the PA situations in person.

The advantage of the WSD used in the present study was its ability to categorize the activity into "Locomotive" 
and "Household" activities and estimate the intensity of PA. Additionally, this device was reported to provide a 
good accurate estimation for the intensity of “Household”  activities21,22, whereas other previous products had 
difficulty providing an accurate  estimate33. Recently, with the acceleration of digitalization, work styles and 
lifestyles have diversified. Among them, the recent WSD can understand more detailed PA data than the step 
count measurement because of its comprehensive evaluation of the PA data. Additionally, it is not only able to 
perform an evaluation based on the average value of the entire group but it is also possible to evaluate what kind 
of activity an individual has performed. In particular, by distinguishing between "Locomotive" activities and 
"Household" activities and performing a PA evaluation, it is possible to characterize the lifestyle of individuals 
from the quantitative data. In general, "Household" activities are thought of as inactive, and if over half of one’s 
daily activities are accounted for by "Household" activities, it is recognized that he/she has an inactive lifestyle. 
However, the present results indicated that the EE was high in "Household" activities compared to the “Loco-
motive” activities in over half of the participants. These results suggest that “Household” activities burn energy 
to some degree and that they are important daily activities for many people. In previous studies, "Household" 
activities have not been sufficiently examined due to the limitations of measurement  devices33. However, the 
“Household” activities may include the working task performed with sitting in the workers and those activities 
are may one of the reasons the “Household” EE was large in most of the participants in the present results. Thus, 
based on the present results, “Household” activities should be mentioned to evaluate individual activity situations. 
Those detailed data distinguishing between "Locomotive" activities and "Household" activities are important for 
not only health promotion research but also to a wide range of fields, such as rehabilitation and long-term care.

Recently, physical inactivity has become serious problem all over the world and many previous papers 
reported its association with non-communicable  diseases2–4. Therefore, the proper management of daily physi-
cal activity is important for one’s health care. The present result indicated that the WSD equipped with the 
accelerometer could obtain the detailed and quantitative physical activity situation reflect personal daily routine, 
and those data are useful for managing one’s physical activity more than conventional methods such as question-
naires and pedometers.

The limitation of the present study is that the wearing time of the student group was significantly shorter than 
that of the other two groups, and it is necessary to perform an evaluation in which participants have the same 
wearing time in the future. Additionally, the present study reported an underestimation or overestimation of SB/
LPA due to the lack of posture information in the WSD used in the present  study34. Although sports activities 
are classified as "Locomotive" activities, some of the activities may generate similar acceleration as "Household" 
activities. Thus, it is suggested that the obtained data included both "Locomotive" activities and "Household" 
activities. In the future, it will be necessary to scrutinize the classification of "Locomotive" and "Household" 
activities during sports activities. In addition, there are few reports of classifying PAs into "Locomotive" activities 
and "Household" activities, and their recognition is extremely low. It will also be necessary to further examine 
the validity of the classification and apply it to large-scale research.

In conclusion, the accuracy of estimating the PA performance time based on step counts depends on the 
intensity of the PA, and detailed PA data can be obtained from the WSD. Additionally, “Household” activities are 
difficult to estimate based on step counts. These results indicate that the WSD measurement is more useful for 
evaluating the PA situation than the step count measurement. Moreover, the PA data measured by the WSD can 
be used to characterize the individual PA situation with respect to lifestyle. Especially, the important finding of the 
present study is that the differences in the PA between different occupations is reflected in "Household" activities.
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Methods
Ethics statements. The present study design and protocol was approved by the Observation Research Eth-
ics Review Committee of Osaka University Hospital (code: 19537). In the present study, informed consent was 
obtained from all subjects in writing and verbally. Additionally, prescribed information, such as research con-
tents and inquiry, was described on the website of Orthopedic Surgery, Osaka University Graduate School of 
Medicine, and the subjects were given the opportunity to refuse. The present study followed the ethical recom-
mendations for the study in humans, as suggested by the Declaration of Helsinki. Also, all methods were carried 
out in accordance with relevant guidelines and regulations.

Participants and data collection. Data were collected from March 2019 to March 2021. Three hundred 
one subjects (105 men; age, 35.1 ± 14.4 years; BMI, 21.3 ± 2.7 kg/m2) participated in the present study. Partici-
pants included medical professionals working at hospitals in Osaka Prefecture, Japan, college students, graduate 
students, faculty members (Graduate School of Medicine), researchers, and personnel (office clerks and shop 
clerks). The physical data (height and weight) of the participants were collected, and the BMI was calculated as 
weight (kg) divided by squared height  (m2).

To determine the relationship between PA and lifestyle, participants were divided into student, standing 
worker, and sitting worker groups. The distinction in the present study was referred to previous reports. In those 
reports, subjects responded to questionnaires about their occupational activity patterns such as desk works 
requiring constant sitting or standing works requiring moving around, and categorized based on the  results30–32. 
Most sales workers answered their jobs are often standing. On the other hand, Clerical and administrative work-
ers and Professionals answered their jobs are often  sitting31. In the present study, medical worker and store staff 
were defined as standing workers, representing standing  jobs30,31 and office clerk, faculty members, and researcher 
were defined as sitting workers, representing sitting  jobs30,32.

Measurement of physical activity using a wearable sensor device. Daily PAs of the participants 
were measured using a WSD equipped with a tri-axial accelerometer (Active Style Pro, HJA-750C, Omron 
Healthcare, Kyoto, Japan). The range of the acceleration data of each axis was ± 6 G, and the resolution was 3 
mG in the device. Additionally, the device recognizes the activities into “Locomotive” or “Household” based 
on the resultant acceleration calculated from the ratio determined based on high-pass filtered (performed at 
rate of 0.7 Hz) data and the raw data. Then, from the resultant acceleration calculated at 10-s epochs, “Loco-
motive” and “Household” activities are discriminated, and the METs of each activity are  estimated21,22. For the 
measured acceleration of physical activity, the filtered acceleration is ACC fil, the acceleration before process-
ing is ACC unfil, and when the ratio of ACC unfil: ACC fil is ≥ 1.16, it is distinguished from "Household" activity, 
and it is 1.3435 + 0.0196 × ACC fil. METs are calculated. On the other hand, when the ratio of ACC unfil: ACC fil 
is < 1.16, it is a "Locomotive" activity, and METs are calculated by 1.1128 + 0.0086 × ACC fil

21,22. The participants 
were instructed to wear the accelerometer around their waist for 10 h or more each day (excluding sleeping and 
bathing) for 7 consecutive  days13,35. Participants who collected the accepted daily data for 4 days or more were 
included in the data  analysis13,35. In addition, if there was a loss or failure, including submersion during wear-
ing, the participant was excluded from the  analysis13. The data of METs measured by 10-s epochs, step count, 
EEs obtained by the accelerometer were extracted using the manufacturer’s original application (activity meter 
application, version 2.0, Omron Healthcare, Kyoto, Japan). Based on the data, the average number of steps per 
day, SB, PA, and EE were calculated. The average time of VPA performed during the day and week was also cal-
culated. Furthermore, the product of weekly activity intensity and time (METs × hours) was calculated. For com-
parison with the pedometer, scatter plots were created with step counts, SB, each type of PA, and "Locomotive" 
and "Household" EE. In addition, in order to evaluate the lifestyle of each participant, a scatter plot was created 
with two items, the step counts per day and the performance time of VPA per week, from the health  outcomes25 
and the PA guidelines established by each country and  institution7. Additionally, the average values of the step 
counts and performance times of SB and each type of PA in the three groups (student, standing worker, sitting 
worker) were compared.

Data analysis. The physical data of the subjects and the data obtained by the accelerometer are shown as 
the mean ± standard deviation. For comparison of the three groups, the Steel–Dwass test was used to analyze 
all terms. In addition, the Pearson correlation coefficient test was used to examine the correlation between SB/
PA/EE and step counts. Statistical analyses were performed using the statistical calculation software (R version 
4.0.2, R Foundation for Statistical Computing, Vienna, Austria), and p-values < 0.05 were considered statistically 
significant.

Received: 6 May 2021; Accepted: 30 July 2021

References
 1. Guthold, R., Stevens, G. A., Riley, L. M. & Bull, F. C. Worldwide trends in insufficient physical activity from 2001 to 2016: a pooled 

analysis of 358 population-based surveys with 1·9 million participants. Lancet Glob. Health 6(10), e1077–e1086. https:// doi. org/ 
10. 1016/ S2214- 109X(18) 30357-7 (2018).

 2. Lee, I. M. et al. Effect of physical inactivity on major non-communicable diseases worldwide: an analysis of burden of disease and 
life expectancy. Lancet 380(9838), 219–229. https:// doi. org/ 10. 1016/ S0140- 6736(12) 61031-9 (2012).

 3. Kohl, H. W. 3rd. et al. The pandemic of physical inactivity: global action for public health. Lancet 380(9838), 294–305. https:// doi. 
org/ 10. 1016/ S0140- 6736(12) 60898-8 (2012).

https://doi.org/10.1016/S2214-109X(18)30357-7
https://doi.org/10.1016/S2214-109X(18)30357-7
https://doi.org/10.1016/S0140-6736(12)61031-9
https://doi.org/10.1016/S0140-6736(12)60898-8
https://doi.org/10.1016/S0140-6736(12)60898-8


8

Vol:.(1234567890)

Scientific Reports |        (2021) 11:22104  | https://doi.org/10.1038/s41598-021-99392-9

www.nature.com/scientificreports/

 4. Martinez, R. et al. Trends in premature avertable mortality from non-communicable diseases for 195 countries and territories 
1990–2017: a population-based study. Lancet Glob. Health 8(4), e511–e523. https:// doi. org/ 10. 1016/ S2214- 109X(20) 30035-8 (2020).

 5. Piercy, K. L. et al. The physical activity guidelines for Americans. JAMA 320(19), 2020–2028. https:// doi. org/ 10. 1001/ jama. 2018. 
14854 (2018).

 6. Ministry of Health, Labour and Welfare of Japan. Exercise and physical activity references for Health Promotion 2013, 2013 5–12, 
Available from: https:// www. mhlw. go. jp/ stf/ houdou/ 2r985 20000 02xple- att/ 2r985 20000 02xpqt. pdf (in Japanese).

 7. World Health Organization. WHO guidelines on physical activity and sedentary behaviour, 2020, Available from: https:// apps. 
who. int/ iris/ rest/ bitst reams/ 13158 66/ retri eve

 8. Misra, A. et al. Consensus physical activity guidelines for Asian Indians. Diabetes Technol. Ther. 14(1), 83–98. https:// doi. org/ 10. 
1089/ dia. 2011. 0111 (2012).

 9. Tremblay, M. S. et al. New Canadian physical activity guidelines. Appl. Physiol. Nutr. Metab. 36(1), 36–47. https:// doi. org/ 10. 1139/ 
H11- 009 (2011).

 10. Craig, C. L. et al. International physical activity questionnaire: 12-country reliability and validity. Med. Sci. Sports Exerc. 35(8), 
1381–1395. https:// doi. org/ 10. 1249/ 01. MSS. 00000 78924. 61453. FB (2003).

 11. Bull, F. C., Maslin, T. S. & Armstrong, T. Global physical activity questionnaire (GPAQ): nine country reliability and validity study. 
J. Phys. Act. Health 6(6), 790–804. https:// doi. org/ 10. 1123/ jpah.6. 6. 790 (2009).

 12. Troiano, R. P. et al. Physical activity in the United States measured by accelerometer. Med. Sci. Sports Exerc. 40(1), 181–188. https:// 
doi. org/ 10. 1249/ mss. 0b013 e3181 5a51b3 (2008).

 13. Bassett, D. R. Jr., Wyatt, H. R., Thompson, H., Peters, J. C. & Hill, J. O. Pedometer-measured physical activity and health behaviors 
in United States adults. Med. Sci. Sports Exerc. 42(10), 1819–1825. https:// doi. org/ 10. 1249/ MSS. 0b013 e3181 dc2e54 (2010).

 14. Caspersen, C. J., Bloemberg, B. P., Saris, W. H., Merritt, R. K. & Kromhout, D. The prevalence of selected physical activities and their 
relation with coronary heart disease risk factors in elderly men: the Zutphen Study, 1985. Am. J. Epidemiol. 133(11), 1078–1092. 
https:// doi. org/ 10. 1093/ oxfor djour nals. aje. a1158 21 (1991).

 15. Ainsworth, B. E. et al. Compendium of physical activities: an update of activity codes and MET intensities. Med. Sci. Sports Exerc. 
32(9), S498–S504. https:// doi. org/ 10. 1097/ 00005 768- 20000 9001- 00009 (2000).

 16. Troiano, R. P. Translating accelerometer counts into energy expenditure: advancing the quest. J. Appl. Physiol. (1985) 100(4), 
1107–1108. https:// doi. org/ 10. 1152/ jappl physi ol. 01577. 2005 (2006).

 17. Chen, K. Y., Janz, K. F., Zhu, W. & Brychta, R. J. Redefining the roles of sensors in objective physical activity monitoring. Med. Sci. 
Sports Exerc. 44(1), S13–S23. https:// doi. org/ 10. 1249/ MSS. 0b013 e3182 399bc8 (2012).

 18. Shiroma, E. J., Freedson, P. S., Trost, S. G. & Lee, I. M. Patterns of accelerometer-assessed sedentary behavior in older women. 
JAMA 310(23), 2562–2563. https:// doi. org/ 10. 1001/ jama. 2013. 278896 (2013).

 19. Nader, P. R., Bradley, R. H., Houts, R. M., McRitchie, S. L. & O’Brien, M. Moderate-to-vigorous physical activity from ages 9 to 15 
years. JAMA 300(3), 295–305. https:// doi. org/ 10. 1001/ jama. 300.3. 295 (2008).

 20. Colley, R. C. et al. Physical activity of Canadian adults: accelerometer results from the 2007 to 2009 Canadian Health Measures 
Survey. Health Rep. 22(1), 7–14 (2011).

 21. Oshima, Y. et al. Classifying household and locomotive activities using a triaxial accelerometer. Gait Posture 31(3), 370–374. https:// 
doi. org/ 10. 1016/j. gaitp ost. 2010. 01. 005 (2010).

 22. Ohkawara, K. et al. Real-time estimation of daily physical activity intensity by a triaxial accelerometer and a gravity-removal clas-
sification algorithm. Br. J. Nutr. 105(11), 1681–1691. https:// doi. org/ 10. 1017/ S0007 11451 00054 41 (2011).

 23. Dyrstad, S. M., Hansen, B. H., Holme, I. M. & Anderssen, S. A. Comparison of self-reported versus accelerometer-measured 
physical activity. Med. Sci. Sports Exerc. 46(1), 99–106. https:// doi. org/ 10. 1249/ MSS. 0b013 e3182 a0595f (2014).

 24. Cleland, C. L. et al. Validity of the global physical activity questionnaire (GPAQ) in assessing levels and change in moderate-
vigorous physical activity and sedentary behaviour. BMC Public Health 14(1), 1255. https:// doi. org/ 10. 1186/ 1471- 2458- 14- 1255 
(2014).

 25. Lee, I. M. et al. Association of step volume and intensity With all-cause mortality in older women. JAMA Intern. Med. 179(8), 
1105–1112. https:// doi. org/ 10. 1001/ jamai ntern med. 2019. 0899 (2019).

 26. Tudor-Locke, C., Williams, J. E., Reis, J. P. & Pluto, D. Utility of pedometers for assessing physical activity convergent validity. 
Sports Med. 32(12), 795–808. https:// doi. org/ 10. 2165/ 00007 256- 20023 2120- 00004 (2002).

 27. Bravata, D. M. et al. Using pedometers to increase physical activity and improve health: a systematic review. JAMA 298(19), 
2296–2304. https:// doi. org/ 10. 1001/ jama. 298. 19. 2296 (2007).

 28. Tudor-Locke, C. et al. Descriptive epidemiology of pedometer-determined physical activity. Med. Sci. Sports Exerc. 36(9), 1567–
1573. https:// doi. org/ 10. 1249/ 01. mss. 00001 39806. 53824. 2e (2004).

 29. McPhee, J. S. et al. Physical activity in older age: perspectives for healthy ageing and frailty. Biogerontology 17(3), 567–580. https:// 
doi. org/ 10. 1007/ s10522- 016- 9641-0 (2016).

 30. Kurita, S. et al. Patterns of objectively assessed sedentary time and physical activity among Japanese workers: a cross-sectional 
observational study. BMJ Open 9(2), 90. https:// doi. org/ 10. 1136/ bmjop en- 2018- 021690 (2019).

 31. Chau, J. Y., van der Ploeg, H. P., Merom, D., Chey, T. & Bauman, A. E. Cross-sectional associations between occupational and 
leisure-time sitting, physical activity and obesity in working adults. Prev. Med. 54(3–4), 195–200. https:// doi. org/ 10. 1016/j. ypmed. 
2011. 12. 020 (2012).

 32. Clemes, S. A., O’Connell, S. E. & Edwardson, C. L. Office workers’ objectively measured sedentary behavior and physical activity 
during and outside working hours. J. Occup. Environ. Med. 56(3), 298–303. https:// doi. org/ 10. 1097/ JOM. 00000 00000 000101 (2014).

 33. Matthew, C. E. Calibration of accelerometer output for adults. Med. Sci. Sports Exerc. 37(11), S512–S522. https:// doi. org/ 10. 1249/ 
01. mss. 00001 85659. 11982. 3d (2005).

 34. Amagasa, S. et al. Changes in rural older adults’ sedentary and physically-active behaviors between a non-snowfall and a snowfall 
season: compositional analysis from the NEIGE study. BMC Public Health 20(1), 1248. https:// doi. org/ 10. 1186/ s12889- 020- 09343-8 
(2020).

 35. Trost, S. G., McIver, K. L. & Pate, R. R. Conducting accelerometer-based activity assessments in field-based research. Med. Sci. 
Sports Exerc. 37(11), S531–S543. https:// doi. org/ 10. 1249/ 01. mss. 00001 85657. 86065. 98 (2005).

Acknowledgements
This work was supported by Japan Agency for Medical Research and Development, (Grant Number 
20hk0102054h) (K.N.), and Funding from Japan Sports Agency, SRIP (Sports Research Innovation Project) and 
Society 5.0 Realization Research Support Project.

Author contributions
R.I., T.K., S.S., I.O., S.K., T.Y., Y.U., T.O. and K.N. designed the project. R.I., S.Y., T.K. and K.N. conceived the 
experiments. R.I., S.U. conducted the experiments and analyzed the results. R.I., S.Y., T.K. and K.N. wrote the 
manuscript. All authors read and approved the final manuscript.

https://doi.org/10.1016/S2214-109X(20)30035-8
https://doi.org/10.1001/jama.2018.14854
https://doi.org/10.1001/jama.2018.14854
https://www.mhlw.go.jp/stf/houdou/2r9852000002xple-att/2r9852000002xpqt.pdf
https://apps.who.int/iris/rest/bitstreams/1315866/retrieve
https://apps.who.int/iris/rest/bitstreams/1315866/retrieve
https://doi.org/10.1089/dia.2011.0111
https://doi.org/10.1089/dia.2011.0111
https://doi.org/10.1139/H11-009
https://doi.org/10.1139/H11-009
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1123/jpah.6.6.790
https://doi.org/10.1249/mss.0b013e31815a51b3
https://doi.org/10.1249/mss.0b013e31815a51b3
https://doi.org/10.1249/MSS.0b013e3181dc2e54
https://doi.org/10.1093/oxfordjournals.aje.a115821
https://doi.org/10.1097/00005768-200009001-00009
https://doi.org/10.1152/japplphysiol.01577.2005
https://doi.org/10.1249/MSS.0b013e3182399bc8
https://doi.org/10.1001/jama.2013.278896
https://doi.org/10.1001/jama.300.3.295
https://doi.org/10.1016/j.gaitpost.2010.01.005
https://doi.org/10.1016/j.gaitpost.2010.01.005
https://doi.org/10.1017/S0007114510005441
https://doi.org/10.1249/MSS.0b013e3182a0595f
https://doi.org/10.1186/1471-2458-14-1255
https://doi.org/10.1001/jamainternmed.2019.0899
https://doi.org/10.2165/00007256-200232120-00004
https://doi.org/10.1001/jama.298.19.2296
https://doi.org/10.1249/01.mss.0000139806.53824.2e
https://doi.org/10.1007/s10522-016-9641-0
https://doi.org/10.1007/s10522-016-9641-0
https://doi.org/10.1136/bmjopen-2018-021690
https://doi.org/10.1016/j.ypmed.2011.12.020
https://doi.org/10.1016/j.ypmed.2011.12.020
https://doi.org/10.1097/JOM.0000000000000101
https://doi.org/10.1249/01.mss.0000185659.11982.3d
https://doi.org/10.1249/01.mss.0000185659.11982.3d
https://doi.org/10.1186/s12889-020-09343-8
https://doi.org/10.1249/01.mss.0000185657.86065.98


9

Vol.:(0123456789)

Scientific Reports |        (2021) 11:22104  | https://doi.org/10.1038/s41598-021-99392-9

www.nature.com/scientificreports/

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to K.N.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Measurement of various intensities of physical activities and categorization of “Locomotive” and “Household” activities provide a subject-specific detailed assessment
	Results
	Discussion
	Methods
	Ethics statements. 
	Participants and data collection. 
	Measurement of physical activity using a wearable sensor device. 
	Data analysis. 

	References
	Acknowledgements


