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ABSTRACT

Objectives To examine patterns of sedentary behaviour
and physical activity, among Japanese workers with
differing occupational activity types.

Design A cross-sectional observational study in 2013—
2015.

Setting Two local communities in Japan.

Participants Full-time workers aged 40-64 years
(n=345; 55% men) and who lived in two cities.

Main outcome measures From accelerometer data

for 7 days, mean overall sedentary time, prolonged

bouts of sedentary time and light-and moderate-to
vigorous-intensity of physical activity (LPA and MVPA) as

a proportion of accelerometer wear time and number of
breaks per sedentary hour were identified for four time
periods: working hours, workdays, non-work hours and
non-workdays. These sedentary behaviour and physical
activity measures in the four time periods were examined
among workers with four self-attributed occupational
activity types (mainly sitting, standing, walking, and
physical labour), adjusting for sociodemographic attributes.
Diurnal patterns of sedentary behaviour, LPA, and MVPA
were examined.

Results In working hours, those with a sitting job had
significantly more total and prolonged sedentary time
(total: p<0.001; prolonged: p<0.01) along with less LPA
(p<0.001) and MVPA (p<0.001) and less frequent breaks
(p<0.01), compared with those with the three more active
job type. Similar differences by job type were found for the
whole working day, but not for prolonged sedentary time
and breaks. On non-working hours and days, differences in
sedentary and physically active patterns by job type were
not apparent.

Conclusions Occupational activity type is related to
overall sedentary time and patterns on working days, but
not to leisure-time sitting and activity patterns, which were
similar across the sitting, standing, walking, and physical
labour occupational activity types.

INTRODUCTION

Sedentary behaviour, defined as any waking
behaviour characterised by an energy expen-
diture <1.5 metabolic equivalent tasks (METs)
while in a sitting or reclining posture' has
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Strengths and limitations of this study

» This is the first study to comprehensively report de-
scriptive patterns of workers’ objectively measured
sedentary behaviour in a non-Western country and
relationships with occupational activity types.

» This study used a population-recruited sample and
objectively (accelerometer)-assessed sedentary and
physically active time

» Distinct examination of work and leisure-time pat-
terns of sedentary and physically active time was
novel.

» Since the study design was cross-sectional, causal-
ity cannot be inferred.

» The response rate was relatively low and not com-
pletely random, which may have resulted in some
selection bias.

distinctive adverse effects on human health.”
For example, excessive sedentary behaviour
increases the risk of all-cause mortality” * and
risk of type 2 diabetes, cardiovascular disease
and some cancers,5 with some evidence of
dose-response relationships.6 There are bene-
fits of more-frequent breaks from sedentary
time on cardiometabolic risk biomarkers.’
Reducing prolonged sedentary behaviour is
an important public health issue.

Among the Japanese adult population, the
worksite is a key setting, in which to address
sedentary behaviours; because approximately
60% of the total population are employed and
60% of those employed are full-time workers
(>40 hours/week).® Understanding patterns
of sedentary behaviour (eg, overall daily time,
prolonged time, breaks, and diurnal patterns)
on working days and non-working days can
help to identify the most sedentary segments
of the day and whether there is carry-over of
those patterns that may influence workers’
whole-of-day sedentary time and physical
activity. Such insights can inform approaches
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to reduce sedentary behaviour, as an emerging occupa-
tional health risk.

Sedentary behaviour patterns at work and potentially
across the whole day may be influenced by the demands
of work—in terms of having to be seated, standing or
physically active for job tasks.” Hence, it is important to
examine in more depth the relationship between types of
occupational activity requirements with overall patterns
of sedentary behaviour, in order to provide evidence that
can inform approaches to workplace health promotion
through sedentary behaviour reduction.

The majority of previous studies examining objec-
tively measured occupational sedentary patterns has only
focused on office-based workers and primarily seated
occupational groups.'*™® One previous study conducted
in the Netherland has examined the pattern of seden-
tary behaviour across different types of occupations
including white-collar, office-based workers, and blue-
collar construction and factory workers.'” However, there
were no detailed examinations of overall diurnal patterns
and the variability between workdays and non-workdays.
Although another previous study conducted in Scot-
land compared the pattern of total sedentary behaviour
between delivery and office staffs across workdays and
non-workdays, further in-depth examinations of seden-
tary patterns in larger sample size and across various
occupational types may more needed.'”® In addition,
while a small number of studies have examined patterns
of sedentary behaviour among workers, based on
different occupational categories'’ or on types of occu-
pational activity,” * they have used self-report measures
of total and/or domain-specific sedentary behaviour.
Objectively measured patterns of occupational sedentary
behaviour have not been examined.

Although there are distinct health consequences of
sedentary behaviour, lightintensity physical activity
(LPA) and moderate-to-vigorous intensity physical activity
(MVPA),* ?2 the time available for each of them in a day is
finite. More time spent in sedentary behaviour indicates
less time spent in LPA, MVPA, or both indicating that
these behaviours are linked. Thus, it may be important
to examine patterns of not only sedentary behaviour,
but also LPA and MVPA concurrently. A small number
of previous studies has simultaneously examined seden-
tary and active behaviour patterns during working and
leisure time.? 1#191718 However, little is known about how
different the patterns or relationships between sedentary
behaviours and physical activities during working and
leisure time would be between those in types of occupa-
tions with different activity requirements.

Previous studies on sedentary behaviours among
workers have been conducted mainly in Western coun-
tries. One international-comparative study found that
self-reported sitting time of working adult population in
Japan was the longest among 20 countries.”” Although
the Japanese working adult population seems to be at-risk
population considered in this international context,
patterns of sedentary behaviour in Japanese workers

have not been examined. Since working environments
(eg, social norms, working spaces, worksite design,
worksite neighbourhood, and work time) are likely to be
different in Japan and other Asian countries compared
with Western countries, understanding the sedentary
behaviour and physical activity patterns in the Japanese
work environment context will be informative.

This study examined accelerometer-derived patterns of
sedentary behaviour (total sedentary time, sedentary time
accumulated in prolonged bouts, sedentary breaks, and
diurnal patterns of sedentary time) and physical activity
among Japanese workers, based on occupational activity
types. These behaviours were characterised for four time
periods: during work and non-work hours, on workdays,
and on work and non-workdays.

METHODS

Study design and procedure

This was a cross-sectional observational study, as a part
of a project to investigate the associations between social
and urban design attributes and sedentary behaviour
among Japanese middle-aged adults. A mail survey
was conducted in Matsuyama city in Ehime prefecture
(428.9km?; 516000 people) from July to December 2013
and Koto Ward in Tokyo (40.2km?; 484 000 people) from
April 2014 to February 2015.

The survey procedures were as follows: first, 3000 poten-
tial participants aged 40-64 were extracted randomly
from each basic resident register stratified by gender
and age (40-49years/50-59years/60-64 years) for
Matsuyama city and Koto Ward. Second, invitation letters
were mailed to the potential participants and asked to
return an enclosed from to indicate their expression of
interest to participate in the study. Non-respondents were
mailed an additional request to join the study 2weeks
after the initial invitation letter was sent. Then, those who
expressed interest were mailed the informed consent
form of this study, an accelerometer, an activity diary and
a questionnaire. Those who finally agreed to participate
were asked to sign the consent form, wear the acceler-
ometer and record the activity diary for 7 days, respond
to the questionnaire and then return all of these within
2weeks. Participants were guided to wear the accelerom-
eters during waking time (put it on straight after waking
up) and to remove it during sleeping (take it off just
before going to bed) and during water-based activities
such as bathing or swimming. In addition, participants
were asked to record for everyday during the period of
accelerometer wear, their time getting up, putting on the
accelerometer, leaving home to travel to their workplace,
starting their job, finishing their job, arriving at home,
taking off the accelerometer and going to bed. Non-re-
spondents were sent a reminder notice up to three times,
and those who completed survey were sent thank you
letter with a ¥1000 book voucher.

In total, 864 (14.4% of the originally approached
sample) including 437 (14.6%) from Koto Ward and 427
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(14.2%) from Matsuyama city agreed to participate: 778
(13.0% of the originally approached sample) completed
the questionnaire and wore the accelerometer. Those
who worked either full-time or parttime were included
(n=633). Those who had missing or invalid data for occu-
pational activity type (n=38) or insufficient accelerom-
eter data (n=175) were excluded (numbers not mutually
exclusive). The final study sample size was 443 (full-time
workers: n=345; part-time workers: n=98).

Assessment of sedentary behaviour and physical activity
Participants were asked to wear a triaxial accelerometer,
Active style Pro HJA-350IT (Omron Health Care Co., Ltd.,
Kyoto, Japan) on the left side of the waist for 7days. This
accelerometer device has been reported to be valid and
to accurately assess not only MVPA, but also low-inten-
sity physical activity (including sedentary behaviour), in
comparison to indirect calorimetry.*** A recent compara-
tive study of three activity monitors showed that the Active
style Pro HJA-350IT underestimated total sedentary time
(-25.6 min/day) and the ActiGraph GT3X overestimated
it (+63.7min/day), compared with the activePAL3 as the
criterion.”® Data were collected in 1 min epochs. In order
to obtain the information of workday including work and
non-work hours and non-workday, participants were also
asked to record the time when wearing and removing
accelerometer as well as starting and finishing a job on
7 days.

Sociodemographic data and occupational activity type

Age and gender were obtained from the basic resident
register. Height, weight, educational level (university or
further education; high school or less), marital status
(currently married; single), employment status (full-
time; part-time), and occupation (professional and engi-
neering; administrative and managerial; clerical; sales;
service; security; agricultural, forestry and fishery; trans-
port and machine operation; manufacturing process;
others) were self-reported in the questionnaire. Main
occupational activity type was also self-reported. Partic-
ipants were asked to choose the occupational activity
type that most accurately described their work from
the following four categories: sitting, standing, walking,
and physical labour. Body mass index (BMI) was calcu-
lated from self-reported height and weight. Occupations
were referenced to Japanese standard classification of
occupations.”’

Data management

Accelerometer data were processed using Omron
health management software BI-LINK for phys-
ical activity professional edition V.1.0 and custom
software.”® Valid data for a wear day was defined
as =10hours/day excluding =60 consecutive minutes
of no activity (0.9 or less METs) with allowance for
up to 2min of some limited movement (<1.0 METs)
within these periods and =75% wear time of work hours
for a workday.'”” Those who had four or more valid

days of data including at least three work days and a
non-work day were included in the analysis. The data
were extracted according to the following four time
periods: working hours (from starting to finishing
job on workday), non-working hours (from wearing
accelerometer to starting job and from finishing job
to taking off accelerometer on workday), working day
(a sum of working and non-working hours), and for
non-working days (from wearing to taking off acceler-
ometer). Work hours were obtained from the activity
diary.

The five measures of sedentary behaviour and phys-
ical activity were first extracted for each time segments:
total sedentary time (min/day; % of wear time), seden-
tary time accumulated in prolonged sedentary bouts
(% of wear time), number of sedentary breaks (times/
sedentary hour), LPA (% of wear time), and MVPA (%
of wear time). Total sedentary time, LPA, and MVPA
time were defined as all wear time for any activity with
an accelerometer-estimated intensity of <I1.5METs,
1.5and <3.0 METs, and 3.0 or more METs, respectively. A
sedentary bout was defined as a period of uninterrupted
sedentary time.' Total sedentary time was calculated by
a sum of uninterrupted sedentary time lasting =1 min.
A prolonged sedentary bout was defined as a period
of uninterrupted sedentary time lasting >30min.'
Sedentary time accumulated in prolonged bouts was
calculated as the sum of prolonged sedentary bouts
(% of wear time). A sedentary break was defined as a
non-sedentary bout in between two sedentary bouts.'
The number of sedentary breaks was calculated by
the total number of sedentary breaks divided by time
spent in all sedentary behaviour. For each of the time
segments, daily averages of all sedentary and physi-
cally active measures were calculated over valid work
and non-workdays. Daily summaries of time spent in all
sedentary behaviour, prolonged sedentary bouts, LPA,
and MVPA for each time segments were also calcu-
lated in terms of the percentage of these intensities in
worn time (% wear time). Finally, daily average values
including work and non-workdays of five measures in a
week were then computed by weighting for five work-
days and two non-workdays.

Statistical analysis

Full-time (n=345) and part-time (n=98) workers were sepa-
rately analysed. Comparisons of the sociodemographic
characteristics and five sedentary behaviour and physical
activity measures among four occupational activity types
were conducted using one-way analysis of variance for
continuous variables and X* test for category variables.
Each of the five sedentary and physical activity measures
were compared among four occupational activity types in
four time periods (working hours, non-working hours,
working days, and non-working days) using analysis of
covariance (ANCOVA) with Bonferroni post hoc test,
adjusting for gender, age, residential area, educational
level, marital status, and BMI. For these analyses, those
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who had missing data for these covariates were excluded
among the full-time workers (n=4). For part-time workers,
only one person was engaged in physical labour tasks
and thus their data were excluded from the analyses.
For describing diurnal patterns, those who had =6 hour
of work time starting morning were included (n=403).
Diurnal pattern of sedentary behaviour, LPA and MVPA
in each hour from 06:00-06:59 to 22:00-22:59 for each
occupational activity type on workday and non-workday
were illustrated by line graphs. All statistical analyses were
performed using STATA V.13.0 and IBM SPSS Statistics
V.22 software. Significant levels were p<0.05.

Patients and public involvement
Patients or public were not involved in the design or plan-
ning of the study.

RESULTS
The characteristics of participants in full-time work are
summarised in table 1. The mean age and BMI were
50.3 (SD 6.9) and 22.8 (3.2), respectively. About a half of
them were men and lived in Koto Ward. The majority had
completed university or higher education, were married,
and worked in mainly sitting type jobs. Those with sitting
and physical labour jobs were more likely to be men than
those with other two occupational activity types. Those
with sitting jobs were also more likely to live in Koto Ward
and completed university or further education than those
in three other more active jobs.

The sedentary behaviour and physical activity measures
in all days, work and non-work contexts on all and occu-
pational activity types of full-time workers are presented

Table 1 Basic characteristics for participants of full-time jobs (n=345)
Occupational activity type
All Physical Group
participants Sitting ? Standing ® Walking® labour? differences*
N 345 239 (69.3) 47 (13.6) 48 (13.9) 11 (8.2)
Age, mean (SD) 50.3 (6.9) 50.1 (7.0) 50.7 (6.8) 50.5 (6.7) 52.6 (6.7)
Women, n (%) 156 (45.2) 99 (41.4) 25 (53.2) 29 (60.4) 3(27.3) a, d<c
Body mass index, kg/m*t, mean 22.8 (3.2) 23.0 (3.4) 21.9 (2.4) 22.3 (2.6) 25.5 (4.2) b, c<d
(SD)
Residence area, n (%)
Matsuyama city 170 (49.3) 98 (41.0) 37 (78.7) 26 (54.2) 9(81.8) a<b,d
Koto Ward 175 (50.7) 141 (59.0) 10 (21.3) 22 (45.8) 2(18.2) b<c
Educationt, n (%)
High school or less 109 (31.6) 59 (24.8) 23 (48.9 21 (43.8) 6 (54.5) a<b,c,d
Greater than high school 235 (68.1) 179 (75.2) 24 (511 27 (56.3) 5 (45.5)
Marital statusz, n (%)
Single 85 (24.6) 60 (25.4) 11 (23.4) 12 (25.0) 2(18.2
Married 257 (74.5) 176 (74.6) 36 (76.6) 36 (75.0) 9 (81.8)
Occupation§, n (%)
Professional and engineering 71 (20.6) 39 (16.5) 13 (28.3) 18 (37.5) 1(10.0)
Administrative and managerial 59 (17.1) 56 (23.6) 0(0) 24.2) 1(10.0)
Clerical 114 (33.0) 111 (46.8) 2 (4.3 1@2.1) 0 (0.0)
Sales 17 (4.9) 7 (3.0 4 (8.7) 6 (12.5) 0 (0.0
Service 34 (9.9) 9 (3.8) 17 (37) 8 (16.7) 0(0.0)
Security 1(0.3) 0(0.0) 1(2.2) 0 (0.0) 0(0.0)
Agricultural, forestry and fishery 4(1.2) 0 (0.0 12.2) 3 (6.3) 0(0.0)
Transport and machine operation 9(2.6) 1(0.4) 0(0.0) 4 (8.3) 4 (40.0)
Manufacturing process 14 (4.1) 4 (1.7) 5(10.9) 1(@2.1) 4 (40.0)
Others 17 (4.9) 10 (4.2) 2 (4.3) 5(10.4) 0 (0.0

*Significant differences between four occupational activity types with one-way analysis of variance for continuous variables; X? test for

category variables.
1One missing in sitting group.
FThree missing in sitting group.

§Two missing in sitting group, one missing in both standing group and physical labour group.

a= sitting; b=standing, c=walking; d=physical labour.
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Table 2 Comparison of sedentary behaviour and physical activity among four occupational activity types in full-time workers

All Occupational activity type
Marginal mean (95% CI)§
Mean (SD) Sitting Standing Walking Physical labour
Wear time (hours)
All day 15.3(1.1) 15.2(15.0t0 15.4) 15.3 (14.9to0 15.8) 15.2 (14.7 to 15.6) 16.0 (15.0 to 16.9)
Workday 15.6 (1.8) 155(153to158) 158(152to163) 157(152to162) 166(156to177)
Work hours 9.4 (1.8) 3(9.11t09.5) 7 (9.2 t0 10.3) 7 (9.210 10.2) 8 (8.8 to 10.9)
Non-work hours 6.2 (2.3) 6.3 (6.0 to 6.5) 6.0 (5.4 t0 6.6) 0 (5.4 t0 6.6) 8 (5.5t08.1)
Non-workday 143 (2.00 14.4(14.1t014.7) 14.3(13.7 to 14.9) 13.9 (13.3 to 14.4) 14.4 (13.2 to 15.6)
Total sedentary (% wear time)
All day 57.5(12.7) 62.2(61.0t063.5) 45.1 (42.2t047.9)" 49.1 (46.4t051.9)" 43,5 (37.7 10 49.3)"
Workday 56.8 (15.3) 63.2 (61.8t064.5) 40.6 (37.4t043.7)" 455 (42.5t0 48.5)" 36.8 (30.4 t0 43.2) "
Work hours 58.6 (21.9) 68.5(66.7t070.3) 34.6(30.41038.7)"  40.0 (36.0 to 44.0)" 26.5 (18.1 to 34.9)**t
Non-work hours 53.3 (11.9) 54.0 (52.4t055.4) 49.8 (46.31053.3)*  52.5 (49.2 to 55.9) 56.5 (49.4 to 63.6)
Non-workday 59.1 (13.8) 59.8 (58.1t061.6) 56.3 (52.3 to 60.4) 58.2 (54.3 to 62.1) 60.3 (52.0 to 68.5)

Prolonged sedentary bouts (% wear time)

All day 19.1 (11.0
Workday 18.2 (12.5
Work hours

)

)

18.6 (18.2)
Non-work hours )
)

(

(
16.7 (11.1

(

Non-workday 241 (151
Breaks per sedentary hour
All day 9.4 (3.1)
Workday 9.8 (3.6)
Work hours 10.8 (6.7)
Non-work hours 10.0 (3.7)
Non-workday 8.6 (3.7)
LPA (% wear time)
All day 34.8 (11.0)
Workday 35.1 (18.1)
Work hours 34.6 (17.7)
Non-work hours 36.2 (11.3)
Non-workday 34.2 (11.9)
MVPA (% wear time)
All day 7 (4.5)
Workday (5 4)
Work hours 8 (7.5)
Non-work hours 10.5 (6 8)
Non-workday 7 (4.6)

22.1
21.0 (19.5t0 22.4

(20.8 to 23.4)
( )
23.1 (21.1 10 25.2)
( )
( )

14.8 (11.8t017.7)"
11. 7(84to150)""
5(3.8t013.2)"
16.2 (13.0 to 19.5)
(

22.3 (17.910 26.7)

15.4 (12.6 t0 18.3)" 15.5 (9.4 to 21.5)
124(92to155)**’ 120(53to187)
0(4.4t013.5" 0(-2.5t016.6)"
16.5 (13.4 t0 19.7) 20.5 (13.9 to 27.0)
23.1 (18.8 to 27.4) 24.1 (15.2 to 33.1)

16.6 (15.2 to 18.0
24.8 (22.9 to 26.8

7 (8.4 t0 9.1) 11.6 (10.8t0 12.4)"  10.8 (10.1t0 11.6)" 10.3 (8.7 to 11.9)
8.8 (8.41t09.1) 12.7 (11.8t0 13.6)7 11.7 (10.8t0 12.6)" 10.9 (9.1 to 12.7)

8 (8.2 t0 9.4) 16.2 (14.9t017.5)7 147 (13.4t0 16.0)" 13.3 (10.6 to 16.0)"
10.0 (9.5 to 10.5) 10.5 (9.4 to 11.6) 10.0 (8.9 to 11.0) 7 (7.4 t0 11.9)
6 (8.1109.0) 9 (7.6 to 10.0) 7 (7.6109.7) 8 (6.5 to 11.0)

31.3 (30.2 to 32.3
30.3 (29.1 to 31.5

( ) 44.5(42.1t047.0)"  40.8 (38.4 to 43.1)"

( )
27.4 (25.9 t0 29.0)

( )

( )

( ) ) )
481 (45.41050.8) 42.9 (40.3t045.6) T  48.2 (42.6t053.7)
53.3 (49.7t0 56.9)"  47.1 (43.6 10 50.6)" 54.9 (47.6 t0 62.1)"
40.4 (37.3t043.5)  37.7 (34.7 to 40.7) 34.7 (28.4 to 41.0)
35.6(32.2t039.1)  35.3 (32.0 to 38.6) 34.6 (27.6 to 41.5)

44.3 (39.31t049.2)"

35.3 (33.9 to 36.6
33.7 (32.2 to 35.2

5 (6.0 to 7.1) 104 (9.1t0o 11.6)"  10.1(8.9t0 11.3)" 12.2 (9.7 t0 14.7)"
6.5 (5.9 t0 7.2) 11.3(9.9t012.8)"  11.5(10.2t0 12.9)" 15.0 (12.1t0 17.9)"
1 (3.3t04.9) 12.2 (10.3t0 14.0)7 12.9 (11.1t0 14.6)" 18.6 (14.9 to 22.4)**t1
10.8(10.0t0o 11.6) 9.8 (8.0 to 11.6) 9.8 (8.0to 11.6) 8.8 (5.1 to 12.5)
5(5.9t07.1) 0 (6.6 t09.3) 5(5.2t0 7.8) 2(2.4107.9)

Asterisks indicate significant difference from the sitting: *p<0.05, **p<0.01, **p<0.001.

Dagger indicates significant difference from the standing: 1p<0.05.

Double dagger indicates significant difference from the walking: £p<0.05.

§Marginal mean and 95% CI from analysis of covariance adjusted for covariates including gender, age, body mass index , residence

area, educational level, marital status.

in table 2. In all days, mean wearing days and hours of
accelerometer were 6.8 (SD 0.9) days and 15.3 (SD 1.1)
hours. There were no significant differences in wearing
days and hours of accelerometer wear time among the

four of occupational activity types. In all days, those
with sitting jobs had proportionally more total and
prolonged sedentary time and less LPA and MVPA time
in proportion, compared with those with other three
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occupational activity types (p<0.001). Additionally, those
with sitting jobs had more frequent breaks than those
with standing and walking jobs (p<0.001). There were no
significant differences in any of the sedentary behaviour
and physical activity measures among those in three phys-
ically active job types.

Regarding working hours, those with sitting jobs had
significantly more total and prolonged sedentary time
along with less LPA and MVPA in proportion, and less
frequent breaks compared with those with three other
more active jobs (p<0.01). The differences in sedentary
time between the sitting jobs and the other jobs types on
working hours were 17.7%-26.4% of wear time. In addi-
tion, those with walking jobs had significantly more total
sedentary time in proportion than those with physical
labour jobs (p<0.05). Additionally, those with physical
labour jobs had significantly more MVPA time in propor-
tion than those with standing and walking jobs (p<0.05).

As a descriptive feature of non-work hours, the more
active the jobs in which workers were involved, the more
was their proportion of total sedentary time and the
less their LPA, except for those with mostly sitting jobs.
In large part, the proportions of total sedentary time
and LPA in those with sitting jobs were similar to those
with the jobs involving physical labour. The differences
reaching statistical significance were as follows: those with
standing jobs had proportionally less total sedentary time
and more LPA than those with sitting jobs (p<0.05).

Results similar to working hours were found for the
total for working days, except for the prolonged sedentary
time and sedentary breaks variables; there were no signifi-
cant differences between those with sitting job and phys-
ical labour. The differences in sedentary time between
the sitting jobs and the other jobs types on working days
were 28.5%-42.0% of wear time, respectively. In addition,
those with standing job had significantly more LPA time
in proportion than those with walking jobs (p<0.05).

On non-workdays, there were no significant differences
apparent between the four occupational activity types.

Hourly patterns of sedentary behaviour, LPA, and
MVPA on four occupational activity types are summarised
in figure 1 for full-time workers. Overall, sedentary time
and LPA showed an inverse pattern. On workdays, a
notable difference was observed in the pattern of seden-
tary behaviour during work hours between those with the
sitting jobs and the other three types, while all occupa-
tional activity types showed a similar pattern after work,
with a linear increase in the sedentary fraction until
22:00-22:59. Those with standing, walking and physical
labour jobs constantly accounted for a larger fraction
of LPA than that of sedentary behaviour from 6:00-6:59
throughout almost of all working hours. On non-work-
days, sedentary behaviour in all occupational activity
types was mostly dominant from 7:00-7:59 to 18:00-
18:59. However, the time differences between sedentary
behaviour and LPA in those with sitting jobs stayed more
constant and larger than those in other more active jobs
from 7:00-7:59 to 18:00- 18:59. After 18:00-18:59 on

non-working day, all types showed increase in sedentary
time as the same with workdays. All results of the part-
time workers were presented in the online supplementary
tables S1 and S2 and figure S1.

DISCUSSION

This is the first study to examine accelerometer-measured
patterns of sedentary behaviours and physical activity
among Japanese workers in their work and non-work
contexts; and to examine how these patterns differed
by occupational activity type. Among full-time workers,
sedentary time comprised more than half of the working
day. Overall, those with sitting jobs, who accounted for
70% of this study sample, had higher amount of both
total and prolonged sedentary time and less frequent
breaks from sitting across the whole day, compared
with those in more physically active job types. Previous
studies in western countries have examined the differ-
ences in objectively measured total sedentary behaviour
among occupation groups or sectors” 'Y and selfre-
ported leisure and domain-specific sedentary behaviours
among occupational activity types.” *” The present study
extends these findings, for the first time in a non-Western
country, by examining the differences in additional
sedentary behaviour measures such as prolonged seden-
tary behaviour and breaks using objective measurements.
The present findings suggest that further public health
efforts focused on the worksite should be emphasised,
especially for office workers who are the majority of the
working adult population in Japan and an apparent at-risk
subgroup due to high volumes of sitting, not only at work
but also during non-work time.

Among those with sitting jobs of this study sample,
63% of working day (60% of non-workday) were seden-
tary. Some previous studies conducted in Australia and
the UK found that sedentary behaviour assessed by Acti-
graph were 68%-70% of working day of office workers
(60%-63% of non-workday).”” '* Our recent compar-
ative study of activity devices found that total sedentary
time assessed by the Active style Pro HJA-350IT were
proportionally 11% less time spent in total sedentary
behaviour than Actigraph.”® These findings suggest that
Japanese office workers may spend more time in seden-
tary behaviour across whole day compared with those
in Western countries, which is similar to the previous
international-comparative study examining self-reported
sitting time of working adult population.” As an at-risk
population considered in the international context,
promoting effective public health strategies to reduce
sedentary behaviour on the worksite may be a necessary
effort in Japan.

We found significant differences in overall sedentary
time and number of breaks from sedentary time in work
hours across the occupational activity types that we exam-
ined, especially for working hours. Full-time workers with
sitting jobs spent most sedentary time and had less breaks
from sedentary behaviour than those with more active job
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types: these differences were approximately 20%-30% in
the proportion (2.5-4hours) and 5-7 times per sedentary
hours. On the other hand, these patterns on non-working
hours or days were relatively similar although workers
with sitting and physical labour jobs somewhat spent
more sedentary along with in less LPA than those with
standing and walking jobs. These findings may indicate
that the occupational activity type, which is commonly
determined by job requirements can have the greatest

impact on overall sedentary time and patterns in workers’
population. These findings are consistent with the only
previous study from the Netherlands, which found all
white-collar workers from financial service providers
and research institutes had significantly greater occupa-
tional (30%-35%) and total sitting time (10%-15%) in
proportion than all blue-colour workers of construction
company.17 In addition, these findings supported those
of previous studies in Australia, France, Scotland, and
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the Netherlands, which showed that workers with higher
occupational sitting time did not sit less, rather sat more,
on their leisure time.”'® ' * Similar to studies conducted
in Western countries, the present findings suggest that
further promotion of worksite interventions to reduce
office-workers’ sedentary time along with increased
sedentary breaks should be prioritised on working popu-
lations not only in Western countries, but also in Japan.

Similar to the average patterns, the analysis of the accel-
erometer output by hour of the working day showed that
the pattern of sedentary behaviour, LPA, and MVPA were
highly dependent on occupational activity types during
working hours (except for lunch time), whereas all were
similar on the evening time after work. The descriptive
features were observed on non-working day, especially
during the daytime, across occupational activity types.
Even though the average sedentary and activity patterns
were not distinct among them, some dips in sedentary
behaviour along with increases in LPA were found in
those with standing, walking, and physical labour jobs,
whereas the conditions in which sedentary behaviour is
the most dominant stayed constant throughout a day in
those with sitting jobs on non-working day. The pattern
of MVPA was stable and independent from those of
sedentary behaviour and LPA in all occupational activity
types. The variations in pattern of sedentary behaviour
and LPA among occupational activity types could be
partly attributed to differences in sociodemographic
attributes (especially gender) and sample size. However,
in a previous study from the UK examining the diurnal
patterns of sedentary behaviour and physical activity
among office workers grouped into tertiles based on
occupational sedentary time, the higher the tertile for
occupational sedentary time in which office workers
were categorised, the more pronounced and stable the
difference between sedentary behaviour and LPA (less
crossing and reversing time points in a graph between
them) became throughout a non-working day.'* These
results imply that routine diurnal occupational sedentary
and LPA patterns, which were repeated 5 days a week, on
working day may carry over their leisure-time behavioural
patterns as a habit. Similarly, the previous study in French
working adults using a self-report questionnaire found
that the occupational activity levels involved in jobs were
negatively associated with leisure time spent sedentary,
on both working and non-working days.”” Future inter-
vention studies could help to clarify whether promoting
breaks from sedentary time by more LPA during working
hours may influence leisure-time sedentary behaviour
and physical activity. The hourly patterns for LPA and
MVPA would also be useful to consider in relation to the
timing of workplace physical activity interventions, which
is fruitful as a future research topic.

This is the first study to report descriptive patterns
of objectively measured Japanese workers’ sedentary
behaviour comprehensively and their relationships
with occupational activity types. Other strengths of this
study were use of population-recruited sample and

accelerometer-assessed sedentary behaviour and phys-
ical activity. There are also some limitations in this study.
First, data were cross-sectional and therefore any causality
cannot be inferred. Second, the present samples were
selected from only two cities in Japan although central
and average-sized local cities were chosen. Thus, the
results may differ in other cities and areas. Third, the
response rate was relatively low. Our middle-aged partici-
pants were initially recruited by random sampling, which
may have introduced some sampling bias; only 10 were
recruited whose jobs involved physical labour. Therefore,
the findings may not be generalisable to the broader
middle-aged worker population, in particular to those
whose jobs involve physical labour. In other words, the
relatively small sample size for those with physical-labour
job types limits our capacity to generalise from those find-
ings. Finally, accelerometers were unable to accurately
differentiate sitting and very-static standing postures, and
they cannot detect some types of physical activity such as
cycling and water activity.

CONCLUSION

In summary, full-time workers involved in mostly sitting
jobs had a higher volume of sedentary behaviour with
prolonged bouts on workdays, compared with other occu-
pational activity job types. The differences in sedentary
patterns mainly occurred during work hours. There may
be carry-over of sedentary and physical activity patters in
working time, which could influence leisure time and
whole of day time spent sedentary, with potential for
adverse health consequences. Therefore, intervention
for reducing workers’ sedentary behaviours are needed,
especially for those in office-based workplace where
prolonged periods of sitting are required.

Author affiliations

"Department of Preventive Gerontology, Center for Gerontology and Social Science,
National Center for Geriatrics and Gerontology, Obu, Japan

ZFaculty of Health and Sport Sciences, University of Tsukuba, Tsukuba, Japan
SFaculty of Sport Sciences, Waseda University, Tokorozawa, Japan

“Baker Heart & Diabetes Institute, Melbourne, Victoria, Australia

SMary MacKillop Institute for Health Research, Australian Catholic University,
Melbourne, Victoria, Australia

®Health Sciences, Swinburne University of Technology, Melbourne, Victoria, Australia

Contributors SK and AS conceived the study, analysed the data and drafted the
manuscript. MJK and NO assisted with analysing data and drafting the manuscript.
Kl and KO were involved in the development and implementation of this study. All
authors contributed to the study design, interpretation of the results and manuscript
preparation. All authors have read and approved the final manuscript.

Funding MJK was supported by a JSPS Postdoctoral Fellowship for Research

in Japan (#17716) from the Japan Society for the Promotion of Science. NO was
supported by a National Health and Medical Research Council of Australia Senior
Principal Research Fellowship and Program Grant, and by an Australian Academy
of Sciences/Japan Society for the Promotion of Science Visiting Fellowship to
Waseda University. KO was supported by a Grant-in-Aid for Scientific Research (No.
26242070) from the Japan Society for the Promoation of Science, MEXT-Supported
Program for the Strategic Research Foundation at Private Universities (51511017).
AS was supported by a Grant-in-Aid for Scientific Research (No. 18K10986) from
the Japan Society for the Promotion of Science.

Competing interests None declared.

8

Kurita S, et al. BMJ Open 2019;9:6021690. doi:10.1136/bmjopen-2018-021690

"ybuAdoo Aq paroslold 1senb Aq 6T0Z YyaselN /T uo jwod fwqg uadolway/:dny wouy papeojumoq "6T0Z Areniga- vz Uo 069T2Z0-8T02-uadolwa/9eTT 0T Se paysignd isii :uado rINg


http://bmjopen.bmj.com/

Patient consent for publication Not required.

Ethics approval Institutional Ethics Committee of Waseda University (2012—269,
2013-264).

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement Requests for access to data should be addressed to the
corresponding author.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1. Tremblay MS, Aubert S, Barnes JD, et al. Sedentary Behavior
Research Network (SBRN) - terminology consensus project process
and outcome. Int J Behav Nutr Phys Act 2017;14:75.

2. Owen N, Healy GN, Matthews CE, et al. Too much sitting: the
population health science of sedentary behavior. Exerc Sport Sci Rev
2010;38:105-13.

3. Matthews CE, Moore SC, Sampson J, et al. Mortality benefits for
replacing sitting time with different physical activities. Med Sci Sports
Exerc 2015;47:1833-40.

4. Schmid D, Ricci C, Baumeister SE, et al. Replacing sedentary time
with physical activity in relation to mortality. Med Sci Sports Exerc
2016;48:1312-9.

5. Dunstan DW, Howard B, Healy GN, et al. Too much sitting--a health
hazard. Diabetes Res Clin Pract 2012;97:368-76.

6. Gupta N, Heiden M, Aadahl M, et al. What is the effect on obesity
indicators from replacing prolonged sedentary time with brief
sedentary bouts, standing and different types of physical activity
during working days? A cross-sectional accelerometer-based study
among blue-collar workers. PLoS One 2016;11:e0154935.

7. Benatti FB, Ried-Larsen M. The effects of breaking up prolonged
sitting time: a review of experimental studies. Med Sci Sports Exerc
2015;47:2053-61.

8. Statistic Bureau MolAaC. The 2016 yearly average results. 2016.
http://www.stat.go.jp/english/data/roudou/results/annual/ft/index.
htm (accessed 15 Nov 2017).

9. Chau JY, van der Ploeg HP, Merom D, et al. Cross-sectional
associations between occupational and leisure-time sitting, physical
activity and obesity in working adults. Prev Med 2012;54:195-200.

10. Ryan CG, Dall PM, Granat MH, et al. Sitting patterns at work:
objective measurement of adherence to current recommendations.
Ergonomics 2011;54:531-8.

11. Toomingas A, Forsman M, Mathiassen SE, et al. Variation between
seated and standing/walking postures among male and female call
centre operators. BMC Public Health 2012;12:154.

12.

13.

14.

15.

16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Thorp AA, Healy GN, Winkler E, et al. Prolonged sedentary time

and physical activity in workplace and non-work contexts: a
cross-sectional study of office, customer service and call centre
employees. Int J Behav Nutr Phys Act 2012;9:128.

Parry S, Straker L. The contribution of office work to sedentary
behaviour associated risk. BMC Public Health 2013;13:296.

Clemes SA, O'Connell SE, Edwardson CL. Office workers’ objectively
measured sedentary behavior and physical activity during and
outside working hours. J Occup Environ Med 2014;56:298-303.
Smith L, Hamer M, Ucci M, et al. Weekday and weekend patterns of
objectively measured sitting, standing, and stepping in a sample of
office-based workers: the active buildings study. BMC Public Health
2015;15:9.

Waters CN, Ling EP, Chu AH, et al. Assessing and understanding
sedentary behaviour in office-based working adults: a mixed-method
approach. BMC Public Health 2016;16:360.

van Dommelen P, Coffeng JK, van der Ploeg HP, et al. Objectively
measured total and occupational sedentary time in three work
settings. PLoS One 2016;11:e0149951.

Tigbe WW, Lean ME, Granat MH. A physically active occupation
does not result in compensatory inactivity during out-of-work hours.
Prev Med 2011;53(1-2):48-52.

Jans MP, Proper KI, Hildebrandt VH. Sedentary behavior in Dutch
workers: differences between occupations and business sectors. Am
J Prev Med 2007;33:450-4.

Saidj M, Menai M, Charreire H, et al. Descriptive study of sedentary
behaviours in 35,444 French working adults: cross-sectional findings
from the ACTI-Cités study. BMC Public Health 2015;15:379.

Physical Activity Guidelines Advisory Committee. Physical activity
guidelines advisory committee report. Washington, DC: US
Department of Health and Human Services, 2008.

Howard B, Winkler EA, Sethi P, et al. Associations of low- and high-
intensity light activity with cardiometabolic biomarkers. Med Sci
Sports Exerc 2015;47:2093-101.

Bauman A, Ainsworth BE, Sallis JF, et al. The descriptive
epidemiology of sitting. A 20-country comparison using the
International Physical Activity Questionnaire (IPAQ). Am J Prev Med
2011;41:228-35.

Ohkawara K, Oshima Y, Hikihara Y, et al. Real-time estimation of daily
physical activity intensity by a triaxial accelerometer and a gravity-
removal classification algorithm. Br J Nutr 2011;105:1681-91.
Oshima Y, Kawaguchi K, Tanaka S, et al. Classifying household and
locomotive activities using a triaxial accelerometer. Gait Posture
2010;31:370-4.

Kurita S, Yano S, Ishii K, et al. Comparability of activity monitors
used in Asian and Western-country studies for assessing free-living
sedentary behaviour. PLoS One 2017;12:e0186523.

Japanese Ministry of Health Law. Japanese standard classification of
work. Tokyo: Japanese Ministry of Health Law, 1997.

Clark BK, Kolbe-Alexander TL, Duncan MJ, et al. Sitting time,
physical activity and sleep by work type and pattern-the Australian
Longitudinal Study on Women’s Health. Int J Environ Res Public
Health 2017;14:290.

Kurita S, et al. BMJ Open 2019;9:¢021690. doi:10.1136/bmjopen-2018-021690

"ybuAdoo Aq paroslold 1senb Aq 6T0Z YyaselN /T uo jwod fwqg uadolway/:dny wouy papeojumoq "6T0Z Areniga- vz Uo 069T2Z0-8T02-uadolwa/9eTT 0T Se paysignd isii :uado rINg


http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1186/s12966-017-0525-8
http://dx.doi.org/10.1097/JES.0b013e3181e373a2
http://dx.doi.org/10.1249/MSS.0000000000000621
http://dx.doi.org/10.1249/MSS.0000000000000621
http://dx.doi.org/10.1249/MSS.0000000000000913
http://dx.doi.org/10.1016/j.diabres.2012.05.020
http://dx.doi.org/10.1371/journal.pone.0154935
http://dx.doi.org/10.1249/MSS.0000000000000654
http://www.stat.go.jp/english/data/roudou/results/annual/ft/index.htm
http://www.stat.go.jp/english/data/roudou/results/annual/ft/index.htm
http://dx.doi.org/10.1016/j.ypmed.2011.12.020
http://dx.doi.org/10.1080/00140139.2011.570458
http://dx.doi.org/10.1186/1471-2458-12-154
http://dx.doi.org/10.1186/1479-5868-9-128
http://dx.doi.org/10.1186/1471-2458-13-296
http://dx.doi.org/10.1097/JOM.0000000000000101
http://dx.doi.org/10.1186/s12889-014-1338-1
http://dx.doi.org/10.1186/s12889-016-3023-z
http://dx.doi.org/10.1371/journal.pone.0149951
http://dx.doi.org/10.1016/j.ypmed.2011.04.018
http://dx.doi.org/10.1016/j.amepre.2007.07.033
http://dx.doi.org/10.1016/j.amepre.2007.07.033
http://dx.doi.org/10.1186/s12889-015-1711-8
http://dx.doi.org/10.1249/MSS.0000000000000631
http://dx.doi.org/10.1249/MSS.0000000000000631
http://dx.doi.org/10.1016/j.amepre.2011.05.003
http://dx.doi.org/10.1017/S0007114510005441
http://dx.doi.org/10.1016/j.gaitpost.2010.01.005
http://dx.doi.org/10.1371/journal.pone.0186523
http://dx.doi.org/10.3390/ijerph14030290
http://dx.doi.org/10.3390/ijerph14030290
http://bmjopen.bmj.com/

	Patterns of objectively assessed sedentary time and physical activity among Japanese workers: a cross-sectional observational study
	Abstract
	Introduction﻿﻿
	Methods
	Study design and procedure
	Assessment of sedentary behaviour and physical activity
	Sociodemographic data and occupational activity type
	Data management
	Statistical analysis
	Patients and public involvement

	Results
	Discussion
	Conclusion
	References


