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Abstract

Purpose

To determine the amounts of time spent in physical activity (PA), sedentary behaviour (SB),
and sleep in the Thai population, as well as their sociodemographic correlates and changes
over time.

Methods

We analysed cross-sectional data collected in a population-representative, stratified random
sample of 135,824 Thais aged 10 years and over as part of the two most recent Thai
National time-use surveys (2009 and 2015). Daily activities reported by the participants
were coded using the International Classification of Activities for Time-Use Statistics (ICA-
TUS) and categorised as PA, SB, or sleep.

Results

In the latest survey, participants spent on average the largest amount of time sleeping (geo-
metric mean [g] = 9.44 h/day; 95% confidence interval [Cl]: 9.42, 9.47), followed by PA (g =
8.60 h/day; 95% CI: 8.55, 8.64) and SB (g = 5.96 h/day; 95% CI: 5.93, 6.00). The time spent
in PA was higher on weekdays, while the amounts of SB and sleep were higher on week-
ends (p < 0.05). Males, older age groups, and unemployed people spent less time in PA and
more time in SB, compared with other population groups (p < 0.05). We found a relatively
large increase in SB (mean difference [d] = 39.64 min/day; 95% Cl: 36.18, 42.98) and
decrease in PA (d = 54.33 min/day; 95% ClI: -58.88, -49.30) over time. These findings were
consistent across most sociodemographic groups, with the most concerning shifts from
active to sedentary lifestyle found among people with a higher education degree and on
weekends.
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Conclusions

Our findings revealed a shift to a more sedentary lifestyle in the Thai population. Public
health interventions should focus on improving time use among males, older age groups,
and unemployed people, while preventing the rapid decrease in PA and increase in SB
among those with a higher education degree and on weekends.

Introduction

A growing body of evidence suggests that the time-use composition consisting of physical
activity (PA), sedentary behaviour (SB), and sleep (often referred to as “24-hour movement
behaviours”) influences a range of health outcomes at all ages [1-3]. These behaviours have
significant impact on the population burden of disease. Systematic reviews consistently report
beneficial effects of PA on health, including primary and secondary prevention of several
chronic diseases, physical fitness, mental health and well-being [4-6]. There is strong evidence
for unfavourable health consequences associated with SB, such as increased risk of premature
mortality, depression, poor cognitive function, and chronic diseases such as cardiovascular
disease, type 2 diabetes, and some cancers [7-11]. Insufficient, as well as too much, sleep has
been linked with increased mortality and higher risk of NCDs such as cardiovascular disease,
type 2 diabetes, hypertension, and obesity [12, 13].

Given that the amounts of time spent in these behaviours are by nature co-dependent and
perfectly multi-collinear, any change in one behaviour must result in the net opposite change
across the remaining behaviours [14-16]. The research paradigm has, therefore, shifted away
from focusing on a single movement behaviour to the integration of all of these behaviours
together. This shift has been facilitated by the application of an appropriate statistical method-
ology for dealing with time-use data—compositional data analysis (CoDA) [17].

CoDA is widely used in several areas of research, such as geology, economics, and epidemi-
ology [14, 18]. It was developed to deal with compositional data which have specific inherent
properties that cannot be represented appropriately in traditional statistical models. Composi-
tional data are made up of mutually exclusive and exhaustive parts that always sum to a given
total [14]. Because compositional data are ‘closed’ to a fixed sum, the constituent parts are co-
dependent on each other and perfectly multi-collinear. In other words, it is impossible to
change one part without also changing other part(s) to compensate. Thus, the data have a rela-
tive nature—a change to any one part must always be considered relative to the change in the
other part(s). CoDA involves expressing the compositional data as a set of log-ratios that cap-
ture all the relative information about the composition. These log-ratios are then used in stan-
dard statistical models instead of the raw variables, allowing the interplay between variables to
be accounted for, and avoiding statistical issues due to perfect multi-collinearity. Back-trans-
formation of the log-ratios following statistical modelling allows the results to be interpreted in
the original absolute scale. Movement behaviours are compositional data because they consist
of times spent in PA, SB, and sleep, which always sum to 24 hours per day [14]. Because the
times spent in PA, SB, and sleep are compositional data, CoDA is appropriate approach to ana-
lyse these behaviours in relation to each other and in relation to other variables (e.g. their cor-
relates) [15].

A growing number of studies on PA, SB, and sleep are applying CoDA to account for the
compositional properties of time-use data [19-36]. Such studies most commonly aim to deter-
mine correlates, determinants or health outcomes of the time-use composition. Other

PLOS ONE | https://doi.org/10.1371/journal.pone.0280957  January 24, 2023 2/19


https://doi.org/10.1371/journal.pone.0280957

PLOS ONE

Physical activity, sedentary behaviour, and sleep in the Thai population: A compositional data analysis

important topics according to the framework for Viable Integrative Research in Time-Use Epi-
demiology (VIRTUE) [16], including time trends in PA, SB, and sleep, have received much less
attention. There also seems to be a disproportionately low number of time-use epidemiology
studies from low- and middle-income countries.

Furthermore, methodological studies indicate that different measures may produce differ-
ent estimates of PA, SB, and sleep [37] and that each measure has specific limitations [38, 39].
So far, most studies in time-use epidemiology have collected data on PA, SB, and sleep using
accelerometers or a combination of sleep diaries and accelerometers. To confirm findings of
such studies, more studies using other available measurement methods (e.g. time-use surveys,
questionnaires) are needed. A recent scoping review that included 564 studies on PA and SB
in Thailand concluded that more studies using large samples are needed to improve the gener-
alizability of estimates [40].

Time-use surveys collecting comprehensive 24-hour information on daily activities have
been conducted worldwide [41], and several methods are available for estimating the amounts
of time spent in PA, SB, and sleep from such data [42-47]. Time-use surveys have adequate
measurement properties for observational studies, with a high test-retest reliability comparable
to that of accelerometer data [48]. Time-use surveys are, therefore, considered to be a valuable
resource for studies on the full 24-hour spectrum of movement behaviours, specifically at a
population level [49].

The National Statistical Office (NSO) in Thailand conducted national time-use surveys in
2001, 2004, 2009, and 2014/2015 [50-53]. This has provided an opportunity to examine
changes in the time-use composition consisting of PA, SB, and sleep over time in the Thai pop-
ulation. Prior studies in Thailand have examined PA, SB, and sleep as being independent of
each other [40, 54, 55]. A recent study analysed temporal trends in the prevalence of the Thai
24-hour integrated movement guidelines [56]. However, the CoDA approach has never been
applied to analyse daily amounts of PA, SB, and sleep in Thailand, while statistically account-
ing for the co-dependency of these behaviours.

Evidence from several reviews has shown that younger age and higher education level are
usually associated with higher PA among adults [57]. However, a recent review of 167 studies
concluded that correlates of PA and SB may differ between countries and called for country-
specific analyses of PA and SB correlates [58]. This review found male sex and younger age to
be associated with higher PA only in children and adolescents, while age, sex, education level,
household income, and marital status were not found to be associated with PA among adults
and seniors [58].

The aim of the present study was, therefore, to determine the amounts of time spent in PA,
SB, and sleep in the Thai population and across a range of its sociodemographic groups, using
the two most recent national time-use surveys. We also aimed to determine relative changes in
the time-use composition in the six-year period between the two surveys. We hypothesised
that the amount of time spent in SB has increased at the expense of PA, while sleep remained
constant. Based on previous evidence, we also hypothesised that sex, age, and education level
would be important correlates of PA, SB, and sleep in the Thai population. This study may also
serve as an example of how CoDA can be applied to analyse daily amounts of PA, SB, and
sleep estimated from time-use surveys.

Materials and methods
Study design and participants

The study was based on cross-sectional data from the Thai National Time-Use Surveys con-
ducted by the NSO in 2009 and 2015 [50, 51]. The data collections were conducted from July
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2009 to September 2009 and from July 2014 to June 2015. The NSO used a three-stage strati-
fied sampling design to generate a random sample of residential households from five regions
(Bangkok, Central, North, North-East, and South) and 77 provinces with enumeration areas
(municipal, non-municipal) [50, 51]. One individual aged 10 years or older in 2009 and 6
years or older in 2015 per household was invited to participate in the surveys. The NSO
expanded the age range of participants in the latter survey to get insight into time use among
children. However, to ensure that data from both waves are comparable, in the current study,
we included only participants aged 10 years or older.

A total of 66,652 participants from the 2009 survey and 69,922 participants from the 2015
survey were included in the study. After excluding participants who reported no sleep (n = 367
in 2009 and #n = 184 in 2015), no active wake time (n = 69 in 2009 and » = 80 in 2015), and no
sedentary behaviour (n = 28 in 2009 and n = 22 in 2015), the final sample in the current study
included 135,824 participants, including 66,188 participants from the 2009 survey and 69,636
from the 2015 survey.

The approval to conduct the surveys was given to the NSO by the Official Information Act,
B.E. 2540 [59]. The survey was anonymous, and all participants provided informed consent
before taking part in the survey. For all minors participating in these surveys, informed con-
sent was obtained from their parents or guardians. For the purpose of the current study, per-
missions to access and use the data were obtained from the NSO. No data that would enable
identifying individual participants before or after the data collection were available to the
authors of this paper.

Measures

The participants reported their time use over one day (24 hours) by recording activities that
they performed in 10-minute intervals. For young children who could not report the time-use
activities, the data were collected from proxy respondents (the parents or guardians). The
time-use data were coded using the Trial ICATUS [60]. If a participant performed more than
one activity at a time, they were instructed to record one of them as the main (primary) activity
and the other one as a secondary activity. The participants were also asked to provide more
information about place/location or where an activity occurred (e.g., at home, workplace, or
school) for each 10-minute block.

The Trial ICATUS activity codes were classified into PA, SB, and sleep, according to pre-
viously developed criteria [44]. For work- and travel-related activities we used further data
on occupation and location provided by the participants and linked them with the meta-
bolic equivalent of the tasks that were already assigned to standard occupations and modes
of travel in previous studies [42, 56, 61]. The PA category included PA of any intensity. The
sleep category encompassed any sleep occurring in the 24-hour period, including overnight
sleep and naps. Once all activities were categorised into PA, SB, and sleep, the total time for
each category was computed. The time spent in these three behaviours summed up to 24
hours.

The NSO used a separate questionnaire to collect information on sociodemographic char-
acteristics of the participants in the Thai National time-use surveys. The current study
included sex (male and female), household area (urban and rural), age (adolescents, youth,
young adults, middle-aged adults, youngest-older adults, middle-older adults, and oldest-older
adults), education level (primary and below, secondary and high school, college, university
and higher), employment status (employed and unemployed), marital status (never married,
currently married, and formerly married), region (Bangkok, Central, North, North-East, and
South), and day type (weekday and weekend day).
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Data analysis

We applied population weights given by the NSO and additional weights to achieve a uniform
distribution of the days of the week in the analysis. We calculated compositional means for the
overall sample by adjusting the geometric means of all parts of the time-use composition to
collectively add up to 24 hours, and we presented them and their 95% confidence boundaries
in a ternary plot. Proportionality of time-use components was expressed using the variation
matrix.

To explore how the compositional parts (PA, SB and sleep) differed across the sociodemo-
graphic variables, the three parts of time-use composition were first expressed using two iso-
metric log-ratio (ilr) coordinates. Two multiple regression analyses were then conducted for
each survey year, with the ilr-transformed data as dependent variables and the sociodemo-
graphic variables as predictors. To obtain the least-squares mean for each sociodemographic
category in each survey year, we used the unstandardised regression coefficients from the mul-
tivariate models. We then applied the inverse ilr transformation to determine the proportions
of time spent in each compositional part. These proportions were linearly adjusted to collec-
tively add up to 24 hours, and bootstrap 95% confidence intervals were generated for the
obtained composition with 1000 replicates.

To test whether the change in the time-use compositions from 2009 to 2015 differed signifi-
cantly between categories of a sociodemographic variable, the p-value for the interaction
between the sociodemographic variable and survey year was calculated. Furthermore, to facili-
tate the interpretation of results, for each behaviour the difference in min/d between the two
time points and its bootstrap 95% confidence interval were calculated. The calculations were
done based on the compositional mean for the whole sample and least-squares means for
sociodemographic categories.

All analyses were performed in R (R Foundation for Statistical Computing, Vienna, Aus-
tria), using ‘compositions’ [62], ‘zCompositions’ [63], ‘ggplot2’ [64], ‘ggtern’ [65], ‘dplyr’ [66],
‘boot’ [67], ‘car’ [68], ‘emmeans’ [69], ‘questionr’ [70] and ‘Rmpfr’ [71] packages.

Results
Sample characteristics

The sex distribution was similar in both survey years (p = 0.332) (Table 1). Almost 15% of peo-
ple moved from rural to urban area during the study period (p < 0.001). The proportion of
younger age groups (i.e., adolescents, youth, and young adults) declined, while that of other
age groups (i.e., middle-aged adults, youngest-older adults, middle-older adults, and oldest-
older adults) increased (p < 0.001). More people had a higher level of education in 2015, com-
pared with 2009 (p < 0.001). However, in the same period the employment rate dropped

(p < 0.001).

Time spent in physical activity, sedentary behaviour, and sleep

In 2009, the participants spent the largest amount of time in PA (compositional mean [g] =
9.50 h/day; 95% confidence interval [CI]: 9.43, 9.56). This was followed by the amount of time
spent sleeping (g = 9.20 h/day; 95% CI: 9.16, 9.23), while the least time was spent in SB
(g=5.30 h/day; 95% CI: 5.26, 5.35). In 2015 this order changed, with the participants now
spending most of their time sleeping (g = 9.44 h/day; 95% CI: 9.42, 9.47), followed by PA
(g=8.60 h/day; 95% CI: 8.55, 8.64) and SB (g = 5.96 h/day; 95% CI: 5.93, 6.00). The time spent
in PA was found to be higher on weekdays, while the amounts of SB and sleep were found to
be higher on weekends (p < 0.05). The total variance, calculated as the sum of the unique
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Table 1. Time (h/day) spent in physical activity, sedentary behaviour and sleep in the Thai population.

Category n (%) Physical activity Sedentary behaviour Sleep p
& (95% CI) & (95% CI) & (95% CI)
2009 2015 2009 2015 2009 2015 2009 2015
Sex
Female 33877 35826 10.35(10.27- | 9.42(9.36-9.48) | 4.82 (4.76- 5.52(5.47- | 8.83(8.78-8.88) | 9.06 (9.03-9.10) | <0.001
(51.2) (51.4) 10.43) 4.89) 5.56)
Male 32311 33810 | 9.09 (8.99-9.18) | 8.17 (8.10-8.25) | 5.56 (5.50- | 6.23 (6.17— | 9.36 (9.30-9.41) | 9.60 (9.56-9.64)
(48.8) (48.6) 5.63) 6.28)
Household area
Rural 45573 38341 9.67 (9.59-9.75) | 8.74 (8.67-8.80) | 5.23 (5.17- 5.89 (5.84- | 9.11 (9.06-9.15) | 9.37 (9.34-9.41) | 0.035
(68.9) (55.1) 5.29) 5.94)
Urban 20615 31295 | 9.84(9.76-9.93) | 8.89 (8.82-8.96) | 5.08 (5.01- | 5.82(5.77- | 9.08(9.03-9.13) | 9.29 (9.25-9.32)
(31.1) (44.9) 5.14) 5.87)
Age
Adolescents (10-17 years) 9303 8380 11.44 (11.14- 10.55 (10.29- 4.30 (4.09- 5.02 (4.84- | 8.26(8.10-8.43) | 8.43 (8.28-8.58) | <0.001
(14.1) (12.0) 11.76) 10.83) 4.50) 5.18)
Youth (18-24 years) 8146 7959 10.11 (9.85- 9.65(9.48-9.81) | 4.80 (4.64- 5.22 (5.10- | 9.09 (8.95-9.24) | 9.13 (9.03-9.23)
(12.3) (11.4) 10.37) 4.99) 5.35)
Young adults (25-39 years) 18606 17670 9.99 (9.89- 9.14 (9.05-9.24) | 4.92 (4.84- 5.55 (5.47- | 9.09 (9.03-9.15) | 9.31 (9.26-9.36)
(28.1) (25.4) 10.10) 5.00) 5.63)
Middle-aged adults (40-59 21367 23706 9.72 (9.62-9.81) | 8.77 (8.70-8.85) | 5.36 (5.29- 5.99 (5.94- | 8.93(8.87-8.98) | 9.23 (9.19-9.28)
years) (32.3) (34.0) 5.43) 6.05)
Youngest-older adults (60-74 | 6491 (9.8) 8940 8.12(7.96-8.27) | 7.45(7.33-7.57) | 6.22 (6.10- 6.78 (6.69- | 9.66 (9.58-9.74) | 9.77 (9.71-9.83)
years) (12.8) 6.34) 6.87)
Middle-older adults (75-84 1832 (2.8) | 2409 (3.5) | 5.27 (5.01-5.52) | 5.36 (5.19-5.54) | 7.71 (7.50- 7.79 (7.65- 11.03 (10.85- 10.85 (10.74-
years) 7.91) 7.93) 11.21) 10.96)
Oldest-older adults (>85 443 (0.7) | 572(0.8) | 3.34(2.99-3.73) | 3.29 (3.02-3.57) | 8.24 (7.86- | 8.83(8.53— | 12.42(12.13- | 11.88 (11.67-
years) 8.60) 9.13) 12.72) 12.10)
Education level
Primary and below 39893 35913 9.52(9.43-9.61) | 8.68 (8.61-8.76) | 5.19 (5.12- 5.84 (5.79- | 9.29(9.23-9.34) | 9.48 (9.43-9.52) | <0.001
(60.3) (51.6) 5.26) 5.90)
Secondary and high school 17674 21366 10.10 (9.99- 9.02 (8.94-9.10) | 5.05 (4.97- 5.72 (5.65- | 8.85(8.78-8.91) | 9.26 (9.21-9.31)
(26.7) (30.7) 10.21) 5.14) 5.79)
College, university and 8494 12073 9.89 (9.75- 8.78 (8.66-8.90) | 5.37 (5.26— 6.20 (6.11- | 8.74 (8.66-8.82) | 9.02 (8.95-9.08)
higher (12.8) (17.3) 10.03) 5.49) 6.30)
Employment status
Employed 44451 44931 11.06 (10.97- 10.17 (10.11- 4.38 (4.31- 5.01 (4.96- | 8.57(8.52-8.61) | 8.82(8.79-8.86) | 0.190
(67.2) (64.5) 11.15) 10.23) 4.44) 5.05)
Unemployed 16290 20187 6.79 (6.66-6.93) | 6.06 (5.98-6.15) | 7.20 (7.07- 7.89 (7.81- 10.01 (9.94- 10.05 (10.00-
(24.6) (29.0) 7.31) 7.97) 10.09) 10.10)
Marital status
Never married 14902 17350 9.11 (8.95-9.26) | 8.25 (8.15-8.36) | 5.62 (5.51— 6.27 (6.18- | 9.27 (9.19-9.36) | 9.48 (9.42-9.55) | <0.001
(22.5) (24.9) 5.74) 6.36)
Currently married 39441 39197 10.00 (9.93— | 9.07 (9.00-9.15) | 5.02 (4.96- | 5.71 (5.65- | 8.98 (8.93-9.02) | 9.22 (9.18-9.26)
(59.6) (56.3) 10.09) 5.08) 5.76)
Formerly married 6401 (9.7) 8021 9.44 (9.26-9.62) | 8.71 (8.56-8.84) | 5.16 (5.03- 5.75 (5.65- | 9.40 (9.29-9.50) | 9.55 (9.47-9.63)
(11.5) 5.29) 5.84)
Region
(Continued)
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Table 1. (Continued)

Category

Bangkok
Central
North
North-East
South

Type of day
Weekday

Weekend day

n (%)

2009
6483 (9.8)

15751
(23.8)
12344
(18.6)
22562
(34.1)
9048

(13.7)

46415
(70.1)

19773
(29.9)

Physical activity Sedentary behaviour Sleep ?P
£ (95% CI) £ (95% CI) £ (95% CI)

2015 2009 2015 2009 2015 2009 2015
9141 9.93 (9.71- 8.89 (8.72-9.05) | 5.20 (5.06— 5.70 (5.58- | 8.87(8.72-9.00) | 9.41 (9.31-9.51) | <0.001
(13.1) 10.13) 5.36) 5.83)
20115 | 9.84(9.75-9.93) | 8.95(8.87-9.03) | 5.03 (4.96- | 5.83(5.77— | 9.13(9.08-9.19) | 9.23 (9.18-9.27)
(28.9) 5.10) 5.89)
12017 | 9.73(9.63-9.85) | 8.78 (8.69-8.87) | 4.97 (4.89- | 5.64(5.58- | 9.30(9.23-9.36) | 9.58 (9.53-9.63)
(17.3) 5.05) 5.71)
19174 | 9.67 (9.55-9.79) | 8.67 (8.58-8.77) | 5.26 (5.17- | 6.02 (5.95- | 9.08 (9.01-9.15) | 9.31 (9.26-9.37)
(27.5) 5.34) 6.08)
9189 | 9.50(9.37-9.63) | 8.72 (8.61-8.83) | 5.53 (5.42- | 6.06(5.97— | 8.97 (8.90-9.05) | 9.22 (9.16-9.28)
(13.2) 5.63) 6.15)
49646 9.95 (9.88- 9.17 (9.11-9.23) | 5.06 (5.01- | 5.64 (5.60- | 8.99 (8.95-9.03) | 9.19 (9.16-9.22) | <0.001
(71.3) 10.03) 5.11) 5.68)
19990 | 9.20 (9.06-9.33) | 7.92 (7.83-8.01) | 5.45(5.36- | 6.41(6.34- | 9.35(9.28-9.43) | 9.66 (9.61-9.72)
(28.7) 5.55) 6.48)

Notes: g = weighted least-squares means adjusted to sum to 24 hours, calculated from compositional regression analyses with isometric log-ratio coordinates as outcome

variables and all categories (sex, household area, age, education level, employment status, marital status, region, type of day) as explanatory variables; CI = bootstrap

confidence interval for g; p = p-value for the interaction between the explanatory variable and survey year.

https://doi.org/10.1371/journal.pone.0280957.t001

elements in the variation matrix, was 1.85 in both 2009 and 2015, while the proportionality
between different parts of the composition also remained very similar between the survey
years (S1 File).

Similar associations of the time-use composition with sociodemographic characteristics
were found in both survey years (Table 1). Compared with their female counterparts, males
spent a lower amount of time in PA and a higher amount of time in SB and sleep (p < 0.05 for
all comparisons).

People living in the urban area had slightly higher PA and slightly lower SB, compared with
people living in rural areas (p < 0.05 for both). We did not find a significant difference
between the two groups in the amount of time spent sleeping.

The time spent in PA seemed to decrease by age, with those aged >85 years spending on
average between 1.93 and 8.10 hours less time in PA than other age groups (p < 0.05). The
amount of SB seemed to increase by age, with particularly large increases found for those aged
>60 years. The three oldest age groups (>60 years) also had the highest sleep duration.

The largest amount of PA was found among participants who finished secondary school
and high school, while the largest amount of SB was found among those with college, univer-
sity and higher degrees (p < 0.05). Participants who were least educated had the highest
amount of sleep time (p < 0.05).

Those who were unemployed had a significantly lower amount of PA and significantly higher
amounts of SB and sleep, compared with those who were employed (p < 0.05 for all). The average
difference was around 4.25 hours for PA, 2.85 hours for SB, and almost 1.5 hours for sleep.

Participants who never got married had the lowest amount of PA and the highest amount of SB,
while the currently married participants spent the largest amount of time in PA and lowest amount
of time in sleep, compared with other groups by marital status (p < 0.05 for all comparisons).

We found no clear patterns in the time-use composition associated with geographical
region.
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SB

Year
B 2009
2015

700

Sleep

PA

Fig 1. Compositional means of physical activity, sedentary behaviour, and sleep time in the Thai population in
2009 and 2015. The orange and blue circles on the graph represent the compositional means in 2009 and 2015,
respectively. The orange and blue dots on the graph represent individual data points in 2009 and 2015, respectively.
The orange and blue lines represent the 95% confidence boundaries for the compositional means in 2009 and in 2015,
respectively. PA = physical activity; SB = sedentary behaviour.

https://doi.org/10.1371/journal.pone.0280957.9001

Changes in time-use composition over time

The results show that SB and sleep increased at the expense of PA between 2009 and 2015
(Figs 1-4). On average, the time spent in PA decreased by 54.33 min/day (95% CI: -58.88,
-49.30; Fig 2), with a significantly larger decrease in PA found on weekend days (mean differ-
ence [d] = -76.52 min/day; 95% [CI]: -85.68, -66.81), compared with weekdays (d = -46.82
min/day; 95% [CI]: -52.02, -41.46). The time spent in SB increased by 39.64 min/day (95% CI:
36.18, 42.98; Fig 3), with a significantly larger increase in SB found on weekend days (d = 57.61
min/day; 95% [CI]: 50.22, 64.63), compared with weekdays (d = 34.73 min/day; 95% [CI]:
30.68, 38.44). Sleep time increased by 14.69 min/day (95% CI: 11.89, 17.28; Fig 4), with no sig-
nificant difference in the change over time between weekends and weekdays.

All sociodemographic characteristics, except for employment status, significantly moder-
ated the changes in the overall time-use composition between 2009 and 2015 (p < 0.05 for all;
Table 1). Those with college, university or higher education had the largest decrease in PA (d =
-66.78 min/day; 95% CI: -78.00, -55.86) and the largest increase in SB (d = 49.90 min/day, 95%
CI: 40.70, 58.87), compared with other groups (Figs 2 and 3). The oldest older adults were the
only sociodemographic group for which we found a significant decrease in the amount of
sleep between the two surveys (d = -32.19 min/day; 95% CI: -53.86, -11.84; Fig 4).

Discussion
Main findings

In accordance with our hypotheses, the main findings of this study are relatively large increases
in SB and decreases in PA in the Thai population between 2009 and 2015. These findings were
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Fig 2. Mean difference in physical activity from 2009 to 2015. Mean changes in physical activity from 2009 to 2015
(circles) and their 95% bootstrap confidence intervals (whiskers).

https://doi.org/10.1371/journal.pone.0280957.g002

consistent across most sociodemographic groups, with the most concerning shifts from active
to sedentary lifestyle found for those with a higher education degree. In both survey years we
found that males, older age groups, and those who were unemployed tended to spend less time
in PA and more time in SB, compared with other population groups. We also found that the
amount of PA was higher on weekdays, while the amounts of SB and sleep were higher on
weekends. Compared with PA and SB, sleep duration increased only slightly over time, with
relatively consistent increases found on weekdays and weekends, and across most population
groups.
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Fig 3. Mean difference in sedentary behaviour from 2009 to 2015. Mean changes in sedentary behaviour from 2009
to 2015 (circles) and their 95% bootstrap confidence intervals (whiskers).

https://doi.org/10.1371/journal.pone.0280957.g003
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Fig 4. Mean difference in sleep duration from 2009 to 2015. Mean changes in sleep duration from 2009 to 2015
(circles) and their 95% bootstrap confidence intervals (whiskers).
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Time-use composition and its changes over time

We found that, on average, more than 40 minutes of PA was replaced by SB in the Thai popu-
lation between 2009 and 2015, with little change in sleep duration. This is consistent with find-
ings from international studies that show a shift from physically active to sedentary lifestyles
[72, 73], and an upward trend of SB and physical inactivity in several countries around the
world [74-77].

The 4™ and 5™ National Health Examination Survey (NHES) found that Thai people aged
15 years and older increased their moderate-to-vigorous PA, from an average of 1.4 h/day in
2009 to 2 h/day in 2014 [78, 79]. Given that we analysed overall PA (including light PA and
moderate-to-vigorous PA), it may be that the decline in PA we found was mainly driven by a
decline in light PA. Furthermore, the data from two Thailand’s Surveillance on Physical Activ-
ity surveys showed a fluctuating trend. They found that Thai adults (aged 18 years and over)
engaged in moderate-to-vigorous PA on average for 11.7 h/week in 2012, 13.8 h/week in 2013,
11.2 h/week in 2014, and 9.1 h/week in 2015 [80]. If we only consider the first and the last year
in their survey, our findings are in accordance with their results. It may be that the levels of PA
in the Thai population are fluctuating over time, with an overall downwards trend.

The most recent Global Observatory for Physical Activity (GoPA!) survey found that the
average time spent in SB ranges between 2.2 and 9.9 h/day across 164 countries [81]. It is con-
cerning that the mean time spent in SB found for Thailand in the current study (for year 2015)
was 1.3 h/day higher than the global average of 4.6 h/day from the GoPA! survey [81]. In Thai-
land and other low- and middle-income countries, research on SB is much less developed than
PA research [40, 82]. Nevertheless, some data on SB in the Thai population are available from
previous studies. The time spent in SB in the Thai population varied widely across these previ-
ous studies. A large-scale survey conducted in 2014 showed a high SB level of on average 13.4 h/
day among Thais aged 5 years and over [83], while the 2015 Health and Welfare survey found
Thai people aged 15 years and over spent on average only 1.9 h/day in SB [84]. Our estimate of
SB was lower than in the former, and higher than in the latter study. It may be that these large
differences are due to recall errors or how SB was defined in the questionnaires [85, 86].
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The differences in findings on PA and SB between our study and previous Thai studies may
also be partially explained by the fact that the previous studies considered PA, SB, and sleep
durations as being independent of each other, while we used CoDA to acknowledge their
belonging to a single time-use composition. The major difference between a CoDA approach
and more conventional statistical techniques is in the treatment of time-use data. CoDA allows
all parts of the time-use composition to be included in the same statistical model and it
accounts for the relative and constrained nature of compositional data [15-17]. Prior studies
have compared findings obtained from CoDA and traditional statistical approaches and found
different estimates of time spent in different behaviours and their associations with health
indicators [21, 29, 87]. One of the studies showed that estimates of differences in time spent in
SB and PA at work were 15% larger between sexes, and 60% larger between age groups when
using CoDA, compared to a “non-compositional” analysis [87].

Time use on weekdays vs. weekend days

Our study found that the amount of PA was higher on weekdays, while the amounts of SB and
sleep were higher on weekends. It is likely that most people have more free time on weekend
days [88]. It seems that Thai people spend more of this additional free time on SB than on PA.
This is consistent with findings of prior systematic reviews showing greater screen time (a
common type of SB) among adolescents on weekends than on weekdays [89, 90]. Familial
influence has been identified as a significant predictor of screen-based behaviours among all
family members during weekend days [91, 92]. It may also be that schools and other organisa-
tional environments that provide physical education and exercise classes, contribute to school-
aged adolescents being more active on weekdays than on weekends [93, 94].

While our results are in accordance with previous findings for adolescents, they are in contrast
with some studies conducted among adults that found a higher amount of SB on weekdays than
on weekend days [95, 96]. This may be because of the differences between the study samples. The
samples in the two previous studies included working-age adults with a high education degree, so
they potentially engaged in sedentary work, while our sample included also adolescents and older
adults, and most participants did not have a college/university degree. The difference may also be
due to cross-country differences in patterns and determinants of PA and SB [58].

A detailed exploration of reasons why Thai people are more sedentary and less physically
active on weekends would be needed to inform future public health interventions. Based on
our results we can only conclude that interventions should focus on increasing PA and reduc-
ing SB, particularly on weekend days. These interventions can focus on increasing recreational
PA by enabling activity-friendly environments and equitable access to public open spaces in
the community such as parks, playgrounds, and other facilities for sports and recreation. The
quality of existing public spaces and facilities may need to be improved to ensure adequate
accessibility and safety. A recent study on the association between park characteristics and PA
in Thailand suggested that the quality of parks and better accessibility enabling equal opportu-
nities for park use were important factors to promote park users to engage in more PA [97].

We also found that between 2009 and 2015 the decrease in PA and increase in SB was
greater on weekend days, compared to weekdays. This further highlights the importance of
placing a focus on weekend days when designing public health interventions to promote
healthy time use.

Population groups at the highest risk of unhealthy and deteriorating time use

According to our findings, between 2009 and 2015 the amount of time spent in PA decreased
by more than one hour among those with a higher education degree. This unfavourable
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change is additionally concerning because of a fast increase in the number of highly educated
people in Thailand. This population group is likely to continue growing in the future, and it
should, therefore, be given a special consideration in national health strategies. Public health
interventions should aim to prevent further decline in PA and increase in SB among those
with a higher education degree. This may include, but should not be limited to, workplace PA
promotion programs. As those with higher education are generally more likely to be office-
based workers who spend a substantial amount of their time sitting at work, workplace pro-
grams to break and reduce sitting time should be supported. A recent survey of PA promotion
in four settings (schools, workplaces, health facilities, and local administrative organizations)
showed that only 27% of workplaces in Thailand had policies and environments (i.e., infra-
structure, equipment, and “healthy” space) conducive to PA [98]. More workplaces should,
therefore, implement programs and PA-friendly designs to increase opportunities for inciden-
tal movement throughout the workday for their employees. This may be achieved by facilitat-
ing the use of stairways and walking-friendly routes inside and outside buildings and by
providing sit-stand desks and standing-up areas in meeting/conference rooms [99, 100].

The other Thai population groups that seem to be at risk of an unfavourable composition of
PA and SB are males, older age groups, and unemployed people. In these groups PA levels
were already low in 2009 and then further declined in 2015, albeit seemingly less than among
those with a higher education degree. These population groups should be specifically targeted
by public health interventions that aim to increase PA and reduce SB. Appropriately-designed
programs and services to support older adults and other disadvantaged groups such as unem-
ployed people to have equal opportunities for PA should be promoted. For example, this can
be facilitated by village health volunteers who play an important role in leading health and
quality of life promotion programs for people in the Thai communities. Such volunteers can
reach out to the least physically active groups and help them increase their health awareness
and participation in PA. A whole of community approach involving key stakeholders from dif-
ferent sectors (e.g. local governments, primary care units, and private businesses) is required
to maximise opportunities for increased participation in PA for the least physically active
groups [101].

Furthermore, older adults often experience fragmented sleep [102], and the amount of deep
sleep seems to reduce in this age group, especially after the age of 90 years [103]. These changes
may easily lead to more time spent lying in bed or in other sedentary activities. Although
between two survey years we found a decrease in the amount of sleep in favour of SB for the
oldest-older adults, this is unlikely to be concerning, because their sleep duration in 2009 was
relatively high.

Implications for public health

The replacement of approximately 40 minutes of PA by SB in the Thai population in the
period between 2009 and 2015 is likely to have a negative effect on a range of health outcomes.
According to several prior investigations, reallocating time from moderate-to-vigorous PA to
SB is significantly associated with adverse health outcomes among all age groups [19, 21, 25,
30-32, 35, 104]. Replacing only 10 min of moderate-to-vigorous PA with SB has been associ-
ated with increased body mass index (BMI) of 5.1% in Canadian children and adolescents
[19]. In US adults, an increase in BMI of 1.2% was associated with a 10-minute time replace-
ment of moderate-to-vigorous PA by SB [21]. A 15-minute reduction of moderate-to-vigorous
PA in favour of any of the other movement behaviours was also associated with higher cardio-
metabolic risk in Australian older adults [25] and with a higher mortality risk in American
adults [35]. Moreover, reallocation of 30 minutes away from moderate-to-vigorous PA to any
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of the other behaviours was associated with lower insulin sensitivity among adults in the
United Kingdom [104]. A recent review of isotemporal substitution studies concluded that
replacing PA (including light PA and moderate-to-vigorous PA) with SB is associated with
increased mortality risk and unfavourable changes in weight status and cardio-metabolic
markers [3]. Key implication of these findings is that maintaining or increasing population
level of PA over time is crucial and should be advocated as a primary strategic goal in future
public health interventions in Thailand.

Strengths and limitations of the study

Methodological strengths of our study are: (1) a large, nationally representative sample, cover-
ing a broad age range; (2) the application of the widely-used ICATUS categorisation of activi-
ties and standardised method for their re-classification into PA, SB, and sleep [44], which may
ensure good comparability with future studies on this topic based on ICATUS data; (3) the use
of CoDA approach that enabled us to adequately address compositional properties of time-use
data; and (4) the exploration of time-use patterns in a total of 24 population groups.

Key limitations of our study stem from the use of time-use survey data. First, as it is the case
with other self-reports on PA, SB, and sleep, time-use surveys may be susceptible to recall bias.
Second, it is possible that we missed activities that were performed for less than 10 consecutive
minutes, as they would not be reported according to the ICATUS guidelines [60]. Third, the
participants reported activities performed on a single day, which may have reduced reliability
of estimates. Nevertheless, it should be noted that these are standard procedures for collecting
time-use data, and they have shown to yield estimates with sufficient reliability and validity for
observational studies [48]. Fourth, we did not assess possible interaction effects. Given the
large number of possible interactions between explanatory variables in our regression model
(n = 28), such analysis was beyond the scope of our study.

Conclusions

Our findings revealed a shift to a more sedentary lifestyle in the Thai population, as a signifi-
cant amount of PA was replaced by SB over time. The fastest deteriorating use of time was
found among those with a higher education degree, while the most unfavourable time-use
composition was found among males, older age groups, and those who are unemployed. The
time use was generally less favourable on weekend days than on weekdays.

Given that the engagement in SB is increasing and has become a significant part of
people’s lifestyles, immediate actions to prevent its likely negative impacts on population
health are needed. Public health interventions should aim to prevent the rapid decrease in
PA and increase in SB among those with a higher education degree such as implementing
workplace PA promotion programs. They should also focus on increasing PA and reducing
SB, particularly among the population groups whose time-use composition is already unfa-
vourable. Future intervention programs should be designed to improve time use on
weekends.

To further contribute to time-use epidemiology, more studies analysing time-use survey
data using CoDA are needed.

Supporting information

S1 File. Variation matrix for the time-use composition.
(PDF)
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