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Abstract
Objective: Recent attention has been focused on sedentary behavior (SB) affecting 
health outcomes, but the characteristics of indicators reflecting SB remain to be iden-
tified. This cross‐sectional study aims to identify the characteristics of indicators of 
SB, focusing on the examination of correlations, reliability, and validity of sedentary 
variables assessed by the smartphone app.
Method: Objectively measured data of SB of eligible 46 Japanese workers obtained 
from smartphones were used. We assessed the characteristics of current indicators 
being used with a 10‐minute or 30‐minute thresholds, in addition to the conventional 
indicators of total sedentary time, mean sedentary bout duration, and total number of 
sedentary bouts. They were evaluated from three perspectives: (a) association among 
the indicators, (b) reliability of the indicators, and (c) criterion validity.
Results: Total sedentary time under 10 minutes (U10) and U30 had negative asso-
ciations with Total sedentary time (r = −.47 and −.21 respectively). The correlation 
between Mean sedentary bout duration and Total number of sedentary bouts was 
−.84, whereas between Mean sedentary bout duration 10, 30 and Total number of 
sedentary bouts were −.54 and −.21, respectively. The intraclass correlation coeffi-
cients of almost all indicators were around .80. Mean sedentary bout duration, Mean 
sedentary bout duration 10, Total number of sedentary bouts, Total sedentary time 
30, U30 and U10 have significant differences between three BMI groups.
Conclusion: This study comprehensively revealed the rationale of advantage in the 
current indicator being used with a 10‐minute or 30‐minute threshold, rather than the 
conventional total amount of SB.
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1  |   INTRODUCTION

In the past decade, there has been increasing evidence show-
ing that high amounts of sedentary behavior (SB) such as 
sitting or reclining increase the risk of noncommunicable 
disease and mortality independent of physical activity.1-5 
Although objective measurement has been used to accurately 
measure sedentary time in recent years, associations between 
SB and body mass index (BMI) as a surrogate health out-
come of the noncommunicable disease are varied and con-
tentious among the studies.6-9 A prospective study using an 
accelerometer reported that significant associations were 
observed between prolonged sedentary time (sedentary bout 
duration ≥30  minutes) and metabolic syndrome, whereas 
total sedentary time was not associated with the syndrome.10 
Cross‐sectional studies reported that an increase in the num-
ber of sedentary bouts showing sit‐to‐stand transitions was 
associated with a decrease in waist circumference.2,11,12 
However, some other studies reported no associations be-
tween the number of sedentary breaks and waist circumfer-
ence.13,14 One of the reasons for this inconsistency can be 
found in the objective indicators used in the studies; that is, 
how to define SB and calculate indicators has been little con-
sidered. A previous study, for instance, provided notable ev-
idence that a minimum sedentary bout duration of 1 minute 
defined as sedentary time underestimated the risk of met-
abolic syndrome and diabetes compared with a minimum 
sedentary bout duration of 10 minutes.15 Thus, attention has 
been focused on the indicators being used with a 10‐minute 
or 30‐minute thresholds, rather than the amount of SB, but 
the characteristics of such indicators remain to be identified.

Smartphones have various sensors that can be used to measure 
daily physical activity, including an accelerometer or gyroscope. 
Recent study revealed the moderate to strong correlations of phys-
ical activity level estimates between the ActiGraph (well‐used 
activity monitoring accelerometer device) and general smart-
phones in free‐living settings.16 Smartphone devices could pro-
vide enough information to estimate sedentary time in daily life 
though, much evidence on its' availability for academic research 
would be needed. Thus, smartphones are now paid attention as a 
potentially cost‐efficient and low‐burden way for tracking daily 
physical activity.16-19The aim of this cross‐sectional study, there-
fore, was to identify the characteristics of indicators of SB, focus-
ing on the examination of correlations, reliability, and validity of 
sedentary variables assessed by the smartphone app.

2  |   METHODS

2.1  |  Survey data
The participants were recruited from individuals registered 
as monitors with an online research firm. For inclusion, 
participants had to be aged 20 years or older, work more 

than 2 days a week, and be living in a city (Tokyo, Osaka, 
Nagoya, Kyoto, and Hakata). Those who attended a hos-
pital and worked night shifts were excluded. The online 
research firm was responsible for recruiting participants, 
sending and collecting documents (detailed study overview 
and consent form), and responding to enquiries. A total of 
1587 of the 12 977 people who matched the criteria applied 
for this study. The firm sent an invitation letter to them, 
and 367 applicants responded. Of these, 200 applicants 
were chosen at random (Figure 1). Prior to participating in 
the survey, they were asked to install a smartphone app for 
academic research, Motion Logger Ver. 1.5, and to place 
their phone in a chest pocket for lifelog measurement over 
7 consecutive days. They completed a basic questionnaire 
(eg, age, sex, height, and weight, etc) on the first day and 
an additional questionnaire (eg, sleeping time and waking 
time, etc) every morning and evening on a smartphone. 
Written informed consent for the research was obtained 
from all participants before the survey began. This study 
was approved by the Institutional Review Board of Nagoya 
City University Graduate School of Medical Sciences (No. 
60 160 123).

2.2  |  App specification
The app, Motion Logger Ver. 1.5, measures time‐series 
log data using 10 key indicators obtained from embedded 
hardware sensors in smartphones, such as a step‐counting 
sensor. The information can be measured for 7 consecutive 
days at a sampling rate of 500 ms. The reliability of the data 
obtained from the app was confirmed by the test of the false 
detection rate during various sitting situations.20

2.3  |  Conventional and current indicators of 
sedentary behavior
Studies on SB often tend to use the following conventional 
indicators.5,21-24

Total sedentary time (h/d): the total time of SB in a day
Mean sedentary bout duration (min/d): the mean of sed-

entary bout duration
Total number of sedentary bouts (number of times/d): the 

number of occurrences of continuous sedentary time with no 
interruption

In addition to above, some recent studies operationally 
define the thresholds of sedentary times or duration as ≥30‐
minutes, or ≥10‐minutes to estimate nature of SB.9,10,15,25-27 
Therefore, the current indicators being used were defined as 
follows:

Total sedentary time 30 (h/d): the total time of sedentary 
bout duration over 30 minutes

Total sedentary time U30 (h/d): the total time of seden-
tary bout duration under 30 minutes
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Total sedentary time 10 (h/d): the total time of sedentary 
bout duration over 10 minutes

Mean sedentary bout duration 30 (min/d): the mean of 
sedentary bout duration over 30 minutes

Relevant to the current indicators, we additionally defined 
secondary ones that were little used as yet in scientific papers 
as follows:

Total sedentary time U10 (h/d): the total time of seden-
tary bout duration under 10 minutes

Mean sedentary bout duration 10 (min/d): the mean of 
sedentary bout duration over 10 minutes

Since the indicators related to Total sedentary time and 
Total number of sedentary bouts were affected by measure-
ment time, these indicators were adjusted to mean measure-
ment time (16.3  hours) using the residuals obtained from 
linear regression models.9,28

2.4  |  Statistical analysis
In this study, data resampled every 5 seconds for at least 8 h/d 
of participants with more than 4 valid work days (n = 46) 
were used because there is a previous study reporting that 
3‐7 days are needed to achieve a reliable estimate of seden-
tary behavior and physical activity using an accelerometer. 
The intraclass correlation coefficients (ICCs) of SB also 
become higher in case of limiting it to only working hours 

(except for leisure time) (Figure 1).29 Thus, 4 valid work days 
were extracted according to a descending order of measure-
ment time (person‐days = 184). Non‐measurement times or 
missing data were excluded. These were identified by com-
paring the output data with the participants’ self‐reports of 
daily activities such as hours of sleep. In addition, a period of 
at least 150 consecutive minutes of data of less than 1 m/s2 
acquired from linear‐acceleration sensors was also regarded 
as non‐measurement times.

Sedentary behavior was defined as a period of at least 
60 seconds of 0 steps, as measured by a step‐counting sensor. 
A period of less than 60 seconds of 0 steps was defined as not 
SB by converting 0 steps to 1 step (Figure 2).

The characteristics of indicators were evaluated from three 
perspectives: (a) association among the indicators, (b) reliabil-
ity of the indicators, and (c) criterion validity. To examine the 
association between indicators, Pearson's correlation coeffi-
cient was calculated. It was assumed that sedentary patterns 
were similar if work styles were not different; therefore, the re-
liability of the indicators could be evaluated using the intraclass 
correlation coefficient (ICC1) for 4 work days. Indicators with 
ICC1 over 0.8 were defined as reliable.30 The participants were 
divided into three groups by self‐reported BMI (underweight: 
≤18.4 kg/m2, normal: 18.5‐24.9 kg/m2, overweight: ≥25.0 kg/
m2). Criterion validity was evaluated using the three group dif-
ferences of mean indicator values of the 4 work days. Analysis 

F I G U R E  1   Participant selection 
diagram
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of covariance (ANCOVA) adjusted for age, sex, and physical 
activity was performed. Mets h per week was used to adjust 
for physical activity according to the participants’ self‐reports 
based on the International Physical Activity Questionnaire 
(IPAQ).31 Significance was set at P < .05. The distribution of 
the indicators of 184 person‐days (skewness and kurtosis) was 
also evaluated as characteristics of indicators. Data processing 
and analyses were conducted using R Version 3.5.0.

3  |   RESULTS

3.1  |  Characteristics of the participants and 
distributions of indicators
Table 1 shows the characteristics of the participants and the 
indicators of SB. Of the 46 participants, 22 (47.8%) were 

men. The mean age of all participants was 38.3 ± 7.8 years 
and the mean BMI was 22.0 ± 3.6 kg/m2. The mean meas-
ured time of the valid days was 16.3 ± 2.7 h/d. The conven-
tional indicators, except for Total number of sedentary bouts, 
had large skewness and kurtosis. The indicators except Mean 
sedentary bout 30 and 10 had small skewness and kurtosis, 
which followed the normal distribution.

3.2  |  Associations between conventional 
indicators and current indicators
Table 2 presents the results for the associations between con-
ventional indicators and current indicators. Total sedentary 
time U10 and U30 had negative associations with the conven-
tional indicator of Total sedentary time (r = −.47 and −.21, 
respectively). Total sedentary time 10 and 30 had positive 

F I G U R E  2   Data processing: A period 
of at least 60 s of 0 steps, as measured by a 
step‐counting sensor, is defined as sedentary 
behavior. A period of less than 60 s of 0 
steps is defined as not sedentary behavior by 
converting 0 steps to 1 step

1 1 1

2 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 8 Step counts

Seconds60 80 100

Not
sedentary
behavior

Not
sedentary
behaviorSedentary behavior

0 20 40

 
Descriptive 
statistics

Distribution of the 
indicatorsa

Skewness Kurtosis

Demographic characteristics

Age (y), mean (SD) 38.3 (7.8)    

Sex (male), % (n) 47.8 (22) — —

BMI (kg/m2), mean (SD) 22.0 (3.6) — —

Measurement time (h/d), mean (SD) 16.3 (2.7) — —

Conventional indicators, mean (SD)

Total sedentary time (h/d) 14.2 (1.2) −1.42 3.71

Mean sedentary bout duration (min/d) 14.0 (7.0) 1.22 1.54

Total number of sedentary bouts (number 
of times a day)

75.4 (32.0) 0.80 0.50

Current indicators, mean (SD)

Total sedentary time 30 (h/d) 7.9 (2.7) −0.09 −0.52

Total sedentary time U30 (h/d) 6.3 (2.1) 0.04 −0.57

Total sedentary time 10 (h/d) 11.2 (2.3) −0.65 0.08

Mean sedentary bout duration 30 (min/d) 72.9 (30.6) 3.64 1.58

Secondary indicators, mean (SD)

Total sedentary time U10 (h/d) 3.0 (1.4) 0.50 −0.43

Mean sedentary bout duration 10 (min/d) 39.1 (12.8) 1.13 23.7
aThe values of skewness and kurtosis near zero can be interpreted as indicating normality of a given data set 
(184 person‐days) of each indicator. Boldface indicates values of Skewness and Kurtosis < | 1.0 |. 

T A B L E  1   Characteristics of 
participants and indicators
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associations with conventional Total sedentary time (r = .83 
and r = .63, respectively).

The correlation coefficient between Mean sedentary 
bout duration and Total number of sedentary bouts is −.84. 
Furthermore, the correlation coefficients between Mean sed-
entary bout duration 10 and 30 and Total number of seden-
tary bouts are −.54 and −.21, respectively (Table 2).

3.3  |  Reliability of indicators
Table 3 shows the ICC1 of 4 work days. The ICC1 values of 
all indicators were over 0.8 except for Total sedentary time 
30 and Mean sedentary bout duration 30 in the 4 work days 
(Table 3).

3.4  |  Criterion validity
Table 4 shows the results of ANCOVA. No significant dif-
ferences were observed in Total sedentary time, Total sed-
entary time 10, Mean sedentary bout duration 30 among 
the three BMI groups. Significant differences were ob-
served in Mean sedentary bout duration, Mean sedentary 
bout duration 10, Total number of sedentary bouts, Total 
sedentary time 30, U30, and U10. Except for Mean seden-
tary bout duration 10, these indicators showed significant 
differences between the Underweight and the Normal, or 

the Underweight and the Overweight groups according to 
multiple comparison analysis. Total sedentary time had 
very low statistical power of 0.14, while Total sedentary 
time U10 and U30 had sufficient power values ranged from 
0.76 to 0.82 (Table 4).

4  |   DISCUSSION

This study comprehensively examined the characteristics 
of indicators of SB, using workers’ objectively measured 
SB during daily work and life. The indicators were evalu-
ated from the results of each indicator in light of the three 
perspectives.

4.1  |  Associations between conventional 
indicators and current indicators
Total sedentary time U10 and U30 had a negative correlation 
with Total sedentary time. Our findings for total sedentary 
time are consistent with some previous studies that showed 
a negative correlation between total sedentary time and short 
sedentary bout duration (sedentary bout duration <5  min-
utes).8,9 In addition, our results indicate that Mean sedentary 
bout duration has a strong negative association with Total 
number of sedentary bout that indirectly represents how 

 
Total sedentary 
time

Mean sedentary 
bout duration

Total number of 
sedentary bouts

Conventional indicators

Total sedentary time 
(h/d)

— — —

Mean sedentary bout 
duration (min/d)

0.53 — —

Total number of seden-
tary bouts (number of 
times a day)

−0.63 −0.84 —

Current indicators

Total sedentary time 30 
(h/d)

0.63 0.85 −0.89

Total sedentary time 
U30 (h/d)

−0.21 −0.76 0.75

Total sedentary time 10 
(h/d)

0.83 0.81 −0.93

Mean sedentary bout 
duration 30 (min/d)

0.08 0.31 −0.21

Secondary indicators

Total Sedentary time 
U10 (h/d)

−0.47 −0.83 0.94

Mean sedentary bout 
duration 10 (min/d)

0.21 0.7 −0.54

T A B L E  2   Correlation coefficients 
between conventional indicators and current 
indicators
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active the participants took their posture changes between 
sitting and standing, rather than Mean sedentary bout dura-
tion 10 and 30.

One study,23 indeed, investigating associations between 
SB and cardio‐metabolic biomarkers reported that the as-
sociations disappeared after adjusting total physical ac-
tivity measured objectively. Other studies in a laboratory 
setting, furthermore, reported that regularly interrupting 
SB (increasing the number of short sedentary bouts) was 
effective to decrease insulin levels and increase energy 
expenditure.32-34 These results imply that short sedentary 
bout duration is not mutually exclusive with physical ac-
tivity and may be regarded as a state like physical activity 
rather than that like SB. Previous studies claimed an as-
sumption that both high amounts of SB and prolonged SB 
increase the risk of health independent of physical activity, 
and mean sedentary bout duration was often used as the in-
dicator representing prolonged sedentary patterns.13,21,22,24 
Our results also showed that Mean sedentary bout dura-
tion and Total number of sedentary bouts have an inverse 
relationship but homogeneous in nature, so that either one 
might be enough when reporting such statistics. Therefore, 
to elucidate the independent risk of SB accurately, total 
sedentary time as the amounts of SB and mean sedentary 
bout duration as the prolonged sedentary pattern should be 
calculated excluding less than 10‐minute or 30‐minute bout 
durations.

4.2  |  Reliability of indicators
Although some studies35,36 have addressed that self‐reported 
sedentary time for workday is more reliable than that for 
non‐work days, the objective measured indicators using the 
threshold of 30‐minute such as Total sedentary time 30 and 
Mean sedentary bout duration 30 showed values less than 0.8 

of ICC estimates, showing insufficient reliability of meas-
urements within individuals in consecutive 4 work days. 
This is a notable finding because little has been reported on 
the reliability of objective measured sedentary time per se 
within individuals in consecutive working days. The result 
implies that prolonged sedentary patterns had poor consist-
encies within individuals in sedentary bout duration of over 
30 minutes. Therefore, the more appropriate threshold rep-
resenting prolonged sedentary patterns might be 10 minutes 
than 30 minutes.

4.3  |  Criterion validity
In previous studies, it was assumed that SB had a linear 
association with increasing BMI.6-9,37 Although the re-
sults of ANCOVA between three BMI groups showed 
significant differences in Mean sedentary bout duration, 
Mean sedentary bout duration 10, Total number of sed-
entary bouts, Total sedentary time 30, U30 and U10, the 
participants in the Underweight group tended to have high 
amounts of SB and prolonged sedentary patterns rather 
than those in the Normal and the Overweight groups. 
Significant differences between Normal and Overweight 
were not observed. One of the reasons for this inconsist-
ency with the assumption might be the difference of char-
acteristics of the participants. For instance, participants 
of a previous study37 reporting a significant relationship 
between prolonged sedentary time similar to Total seden-
tary time 30 and BMI, had higher BMI (33.6 ± 5.5 kg/m2) 
than those of the present study (22.0 ± 3.6 kg/m2). These 
results imply that the relationship between SB and BMI 
might not have a characteristic with a monotonous liner 
dose‐response relationship.

Another notable finding can be found in the statistical 
power shown in conventional and current indicators. The 

Indicators ICC1 (95% CI)

Conventional indicators

Total sedentary time (h/d) 0.83 (0.74‐0.90)

Mean sedentary bout duration (min/d) 0.87 (0.77‐0.91)

Total number of sedentary bouts (number of times a day) 0.80 (0.69‐0.88)

Current indicators

Total sedentary time 30 (h/d) 0.78 (0.65‐0.87)

Total sedentary time U30 (h/d) 0.80 (0.70‐0.88)

Total sedentary time 10 (h/d) 0.81 (0.70‐0.88)

Mean sedentary bout duration 30 (min/d) 0.59 (0.35‐0.75)

Secondary indicators

Total sedentary time U10 (h/d) 0.82 (0.72‐0.90)

Mean sedentary bout duration 10 (min/d) 0.81 (0.69‐0.88)

Note: Boldface indicates values of ICC1 greater than 0.8.

T A B L E  3   Intraclass correlation 
coefficients (ICC1) in 4 work days
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statistical power is calculated from sample size, alpha error, 
and effect size. Cohen 38 claimed that researchers must set 
desired statistical power values as well as desired signifi-
cance criteria on the basis of the consideration seriousness 
of the consequences of the two kinds of errors (alpha and 
beta errors) and the cost of obtaining data. Moreover when 
researcher has no other basis for setting the desired statistical 
power value, he proposed 0.80 as a convention. The present 
study noted out that Total sedentary time, one of the well‐
used indicators in previous studies, has very low statistical 
power of 0.14, while Total sedentary time U10 and U30 had 
sufficient power values ranged from 0.76 to 0.82. Statistical 
power values requiring larger than 0.8, in general, would de-
mand excessive sample sizes with much effort or at much 
cost, especially in case of behavioral measurements. Current 
indicators being used with a 10‐minute or 30‐minute thresh-
olds would be adequate and reasonable as Total sedentary 
time might be inefficient.

As for the calculation of descriptive statistics for each in-
dicator, Total sedentary time, Mean sedentary bout duration, 
Mean sedentary bout duration 10, and 30 did not follow the 
normal distribution. Therefore, these indicators might need to 
be checked the normality carefully and performed log‐trans-
formation prior to analysis, if applicable.

4.4  |  Strengths and limitations of the study
The first strength of this study is scalability due to the ease 
of measuring SB using the smartphone app. Smartphones are 
now widespread so that large scale low‐cost research could 
be made without specific wearable devices. This would be 
important from the perspective of assessing the risk of SB in 
epidemiological study fields.

The second point is the representativeness of the data 
under real work and life scene, which could contribute to 
reduce of selection bias in the sampling process. Measuring 
with specific devices could cause selection bias of partici-
pants and the healthy worker effect. In addition, participants 
might be conscious of the device during measurement. In 
contrast, a smartphone many people use every day has an ad-
vantage that the quality of the data could be guaranteed with 
respect to selection bias and representativeness of daily life.

Finally, non‐measurement times were excluded by using 
the actual acceleration sensor data and participants’ self‐re-
ports. Some previous studies estimated non‐measurement 
times like hours of sleep by using only an accelerometer sen-
sor data, so the exclusion of non‐measurement times might 
have been inaccurate.7,8,15 The present study used not only 
an accelerometer, but also participants’ self‐reports, so the 

T A B L E  4   Results of analysis of covariance (ANCOVA) among the three BMI groups

Indicators

Results of 
ANCOVAa Adjusted mean (SE)b

Multiple comparison 
analysiscP‐value

Statistical 
power

Underweight 
(n = 5) Normal (n = 31)

Overweight 
(n = 10)

Conventional indicators

Total sedentary time (h/d) .56 0.14 14.4 (0.5) 14.0 (0.2) 14.3 (0.3) NS

Mean sedentary bout duration 
(min/d)

.04*  0.64 20.4 (2.6) 13.4 (1.1) 12.5 (1.9) U vs O

Total number of sedentary 
bouts (number of times a day)

.02*  0.70 45.3 (11.2) 78.4 (4.5) 81.1 (8.1) U vs N, U vs O

Current indicators

Total sedentary time 30 (h/d) .03*  0.67 10.3 (0.9) 7.7 (0.4) 7.5 (0.7) U vs N, U vs O

Total sedentary time U30 (h/d) .01*  0.82 4.2 (0.7) 6.4 (0.3) 6.9 (0.5) U vs N, U vs O

Total sedentary time 10 (h/d) .14 0.40 12.7 (0.8) 11.0 (0.3) 10.8 (0.6) NS

Mean sedentary bout duration 
30 (min/d)

.52 0.15 82.7 (9.7) 72.5 (3.9) 69.4 (7.1) NS

Secondary indicators

Total sedentary time U10 (h/d) .02*  0.76 1.5 (0.5) 3.1 (0.2) 3.4 (0.4) U vs N, U vs O

Mean sedentary bout duration 
10 (min/d)

.04*  0.63 50.4 (4.5) 38.1 (1.9) 36.7 (3.3) NS

aThe results of ANCOVA (P ‐value and statistical power) among the three BMI groups adjusted for age, sex, and physical activity. Boldface indicates values of statisti-
cal power greater than 0.8. 
bAdjusted mean of ANCOVA. 
cThe results of multiple comparison analysis using Bonferroni‐corrected, U: Underweight, N: Normal, O: Overweight, NS: No significant. 
*P < .05. 
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time of exclusion might be more accurate, especially hours 
of sleep.

Some limitations of the present study should be con-
sidered. First, criterion validity was evaluated only with 
the Japanese workers’ BMI levels. In general, criterion 
validity may be different depending on health outcomes 
and the characteristics of participants, such as country, 
age and BMI. Self‐reported data on individual's height and 
weight are often used in epidemiological studies though, 
a recent study in US pointed out that individuals tend to 
overestimate their height and underestimate their weight. 
Consequently, BMI based on the self‐reported height and 
weight might tend to be underestimated. Self‐reported 
BMI, furthermore, might tend to be affected by charac-
teristics of participants such as some socioeconomic and 
health‐related factors.39

Second, we examined current indicators being used with a 
10‐minute or 30‐minute thresholds. Therefore, these thresh-
olds could be insufficient to ensure a no‐monotonic dose‐re-
sponse, which means that the minimum bout duration defined 
as SB is unclear. In a future study, the time spent in SB that 
affects health needs to be examined.

Finally, a step‐counting sensor of a smartphone was used to 
measure SB, whereas many previous studies used the specific 
devices using “counts per minute” as the threshold of SB (eg, 
<100 counts per minute). Thus, the strict definition of SB is not 
equal between them, the data compatibility with respect to mea-
surement of SB is not guaranteed between a step‐counting sen-
sor of a smartphone and the specific wearable devices. At this 
time, we did not collect the data to validate criterion validity 
of measurements between smartphone devices and other spe-
cific devices. Therefore, it should be carefully interpreted when 
comparing the SB related data measured with specific devices 
to that measured using smartphone sensors. In addition, the data 
could be measured while participants placed their phones in a 
chest pocket, but some non‐measurable situations such as while 
charging or placing in their bags, especially women, might be 
occurred. It is important to confirm their adherence whether 
participants wore their own smartphone in their chest pocket for 
7 consecutive days except while in bed. Because this might lead 
to miss‐classification of SB and overestimation of total amount 
of sedentary time. The next version of the App, upcoming the 
MotionLogger will implement a self‐report adherence item and 
an algorithm to detect these situations, using information on 
gravity sensors.

5  |   CONCLUSION

This study is the first to comprehensively identify the character-
istics of current and conventional indicators of SB in light of the 
association among the indicators, reliability and validity, using 
objective measurements. The results revealed the rationale of 

advantage in the current indicator being used with a 10‐min-
ute threshold, rather than the conventional total amount of SB, 
and also 30‐minute threshold might be available but have some 
limitations of insufficient reliability of measurements within in-
dividuals among consecutive work days.

Further research is required to consider the minimum bout 
duration defined as SB and use indicators properly according 
to each purpose of specific studies.
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