
Available online at www.sciencedirect.com
ScienceDirect

Journal of Sport and Health Science 2 (2013) 249e256

www.jshs.org.cn
Original article

ActiGraph GT3X determined variations in “free-living” standing,
lying, and sitting duration among sedentary adults

Faisal A. Barwais a,b,*, Thomas F. Cuddihy a, Jerome N. Rachele a, Tracy L. Washington a

a School of Exercise and Nutrition Sciences, Institute of Health and Biomedical Innovation, Queensland University of Technology, Brisbane 4059,

Queensland, Australia
bDepartment of Physical Education and Sports, Umm Al-Qura University, Makkah 21421, Saudi Arabia

Received 17 October 2012; revised 20 January 2013; accepted 9 June 2013
Abstract
Background: Overweight and obesity has become a serious public health problem in many parts of the world. Studies suggest that making small
changes in daily activity levels such as “breaking-up” sedentary time (i.e., standing) may help mitigate the health risks of sedentary behavior.
The aim of the present study was to examine time spent in standing (determined by count threshold), lying, and sitting postures (determined by
inclinometer function) via the ActiGraph GT3X among sedentary adults with differing weight status based on body mass index (BMI)
categories.
Methods: Participants included 22 sedentary adults (14 men, 8 women; mean age 26.5 � 4.1 years). All subjects completed the self-report
International Physical Activity Questionnaire to determine time spent sitting over the previous 7 days. Participants were included if they
spent seven or more hours sitting per day. Postures were determined with the ActiGraph GT3X inclinometer function. Participants were
instructed to wear the accelerometer for 7 consecutive days (24 h a day). BMI was categorized as: 18.5 to <25 kg/m2 as normal, 25 to<30 kg/m2

as overweight, and �30 kg/m2 as obese.
Results: Participants in the normal weight (n ¼ 10) and overweight (n ¼ 6) groups spent significantly more time standing (after adjustment for
moderate-to-vigorous intensity physical activity and wear-time) (6.7 h and 7.3 h respectively) and less time sitting (7.1 h and 6.9 h respectively)
than those in obese (n ¼ 6) categories (5.5 h and 8.0 h respectively) after adjustment for wear-time ( p < 0.001). There were no significant
differences in standing and sitting time between normal weight and overweight groups ( p ¼ 0.051 and p ¼ 0.670 respectively). Differences were
not significant among groups for lying time ( p ¼ 0.55).
Conclusion: This study described postural allocations standing, lying, and sitting among normal weight, overweight, and obese sedentary adults.
The results provide additional evidence for the use of increasing standing time in obesity prevention strategies.
Copyright � 2013, Shanghai University of Sport. Production and hosting by Elsevier B.V.
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1. Introduction

In recent decades, overweight and obesity has become a
serious public health problem in many parts of the world.1

The prevalence of obesity, as defined by body mass index
(BMI) has increased dramatically worldwide.2e5 BMI, which
is based on the relationship between height and weight, is
the most frequently used predictor for classifications of over-
weight (BMI ¼ 25.0e29.9) and obesity (BMI ¼ 30 or
ng by Elsevier B.V. Open access under CC BY-NC-ND license.
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higher).6 According to the World Health Organization (WHO),
approximately 1.5 billion adults of 20 years or older world-
wide were classified as overweight, with approximately 500
million of these classified as obese.7 The rapidly rising rates of
overweight and obesity have led to an increase in health risk
factors for chronic diseases, including type II diabetes, car-
diovascular diseases, various cancers and other health prob-
lems, all of which can lead to further morbidity and mortality.8

Due to a modern lifestyle that is characterized by spending
large periods of the day in low level energy pursuits, recent
epidemiological and descriptive studies have examined the
associations between weight-related health risk and sedentary
behavior status.9,10 Sedentary behavior is defined as any
waking behavior characterized by an energy expenditure
�1.5 METs while in a sitting or reclining posture.11 Light-
intensity physical activities (PAs) such as slow walking,
washing dishes, cooking food, and other routine domestic or
occupational tasks, involve low levels of energy expenditure.12

In general, sedentary behavior and light-intensity PA behav-
iors have become increasingly common in adults at home, at
work, and during their leisure time.13,14 There is substantial
evidence showing that adults spend most of their waking hours
either in sedentary or in light-intensity PAs. In a recent posi-
tion statement on PA and exercise intensity terminology15 a
typical human 24 h cycle was noted to consist of 7.5 h
sleeping, 9.4 h in sedentary behaviors (“time spent sitting”),
6.5 h in light-intensity activities and approximately 43 min of
moderate or vigorous PA. Although activities of daily living
are generally of light intensity, the cumulative effect of these
activities has been shown to result in substantial increases in
total daily energy expenditure.16e18 Several studies have
focused on increasing energy expenditure through increasing
non-exercise activity thermogenesis (NEAT).16,18 NEAT is
comprised of low energy expenditure of daily activities such
as standing, walking, sitting, and fidgeting, all of which are
activities that are not considered planned PA in a person’s
daily life.19 Changing one’s postural position from seated to
standing or engaging in light ambulation has been shown to
significantly increase energy expenditure.19

Incidence of overweight and obesity are related to a
sedentary lifestyle and lack of PA. Given this relationship,
there is an increased need to quantify sedentary behaviors.20

Total time spent in sedentary behaviors can be captured by
objective monitoring devices, such as accelerometers and in-
clinometers.21 Accelerometers can quantify sedentary
behavior via the amount of time spent below a pre-defined
intensity threshold,22 whereas inclinometers can quantify
time spent in different postures by distinguishing between
lying, sitting, and standing.21 Nevertheless, investigators have
begun to classify standing differently to sitting when defining
sedentary time.9 Through the use of an inclinometer function,
accelerometers now have the ability to measure the position of
the lower body, whereby standing can be treated as a separate
activity which is classified as a light activity.23 Devices have
been developed which contain both accelerometer and incli-
nometer functions and have been used to report postures in
previous research.19,24,25 To date, no studies have examined
postures using the ActiGraph GT3X26 inclinometer during
free-living activities. The objective of this study was to
examine time spent in standing (determined by count
threshold), lying, and sitting postures (determined by incli-
nometer function) via the ActiGraph GT3X among sedentary
adults with differing weight status based on BMI categories. It
was hypothesized that obese participants would spend less
time standing and more time sitting when compared to normal
weight or overweight participants.
2. Materials and methods
2.1. Participants
Twenty-five adults were recruited through newsletter ad-
vertisements and flyers placed within buildings at a metro-
politan university in Brisbane, Australia. Participants were
required to meet the following inclusion criteria: (a) 18e45
years of age; (b) sitting for more than 7 h per day, as mandated
by the International Physical Activity Questionnaire (IPAQ),
short version;27 and (c) the ability and willingness to wear
accelerometers for a period of 7 days (weekday/weekend)
during free-living activities and sleeping. A total of 22 (88%)
participants (14 males, 8 females) aged 18e45 years
(mean � SD, 26.5 � 4.1 years) met the inclusion criteria for
wear-time of more than 16 h per day over a 7-day period, and
were included in the analysis. The majority of the participants
were either full time students (12, 54%) or worked full time
(10, 46%). Participants read and signed a written informed
consent forms to be included in this study. This study was
approved by the Queensland University of Technology Human
Research Ethics Committee.
2.2. BMI measurement
Height was measured to the nearest 0.25 cm using a
portable stadiometer (SECA model 214, Seca Ltd., Birming-
ham, UK) and weight was measured to the nearest 0.1 kg
using a portable electronic scale (SECA model 770, Seca Ltd.)
following standard procedures.28 Participants were asked to
wear light clothes and to remove shoes for measurements.
BMI was calculated as weight (in kg) divided by squared
height (in meters). BMI groups were defined using the WHO
classification system being; underweight < 18.5 kg/m2,
normal � 18.5e24.9 kg/m2, overweight � 25e29.9 kg/m2,
and obese � 30 kg/m2.29
2.3. Posture measurements
Standing, sitting, and lying were assessed using the tri-axis
ActiGraph GT3X Activity Monitor (ActiGraph LLC, Pensa-
cola, FL,USA).Thedevice has dimensions of 1.50� 1.44� 0.70
inches and has aweight of 28 g. ActiLife software (version 5.6.1;
ActiGraph LLC, Fort Walton Beach, FL, USA) was used with
Low Frequency Extension (LFE) to increase the instrument’s
sensitivity to improve accuracy while measuring sedentary
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behavior.30 TheGT3X provides two types of information: (1) PA
measurements including activity counts and (2) inclinometer
information (3 axes), used to determine posture (i.e., as in ver-
tical, horizontal, and lateral (Axes 1, 2, and 3)). With the GT3X
device worn on the hip, the inbuilt inclinometer function detects
Fig. 1. Free-living time allocated across consecutive 24 h spent in each of the postu

overweight, and (C) obese.
standing, lying, sitting and “off”. The ActiGraph algorithm
classifies counts above 100e1951 cpm as standing.31,32 If the
counts are below 100 cpm, the information from the axes is used
to classify whether the participant is sitting or lying or the device
is “off”.33
ral positions of standing, lying, sitting, and non-wear. (A) normal weight, (B)



252 F.A. Barwais et al.
Raw inclinometer data for each 60-s epoch was extracted
and matched by date and time. Classification of each minute of
activity into an anatomical position (i.e., standing, sitting, and
lying) of the accelerometer data was determined as per the
manufacturer’s specifications (i.e., 1 for standing, 2 for lying
down, 3 for sitting, and 0 for non-wear) (Fig. 1). The protocols
for most existing sedentary activity instruments request adults
to wear the monitor during all waking hours and to remove it
during sleeping time and for any water-based activity. Non-
wear time (including sleeping time and water activities) is
often problematic, and can lead to measurement error in
sedentary calculations.34e36 In order to avoid this measure-
ment error in the current study, participants wore the GT3X for
a period of 7 days (weekdays and weekend days) during the
full 24 h (which included time spent lying while sleeping),
though the GT3X was removed for water-based activities.
Although sedentary behavior is defined as activities in sitting
or reclined positions �1.5 METs, and not including sleeping,
sleeping still has a MET value of 0.9,37 and a considered
decision was taken as the risk of loss of data due to non-wear
time was more meaningful than differentiation between sleep
and non-sleep lying time. Participants were asked to complete
a time sheet recording the time and reason why the device was
removed for 5 min or more for any activity such as swimming,
showering or other activities. As recommended by the guide-
lines,38,39 for inclusion in the data analysis, a day was
considered complete if it contained �16 h per day of wearing
time. Additionally, only participants with 7 complete days,
including two weekend days were included. Research has
shown that the GT3X inclinometer function has acceptable
validity when measuring activities of lying down, sitting
watching TV, sitting using a computer, and standing still, with
accuracy between 60.6% and 66.7%.26
2.4. Statistical analyses
Table 1

Demographic data for normal-weight, overweight, and obese participants

(mean � SD) (n ¼ 22).

Characteristic Normal weight Overweight Obese

n

Male 5 3 6

Female 5 3 e

Overall 10 6 6

Age (year)

Male 27.2 � 1.3 24.3 � 4.7 28.0 � 5.6

Female 26.8 � 3.4 24.0 � 4.5 e

Overall 27.0 � 2.4 24.1 � 4.1 28.0 � 5.6

Height (cm)

Male 172.2 � 5.9 177.3 � 9.0 174.8 � 6.4

Female 165.4 � 5.1 166.3 � 7.3 e
Overall 168.8 � 6.3 171.8 � 9.5 174.8 � 6.4

Weight (kg)

Male 61.4 � 9.4 84.3 � 11.5 108.8 � 19.6

Female 63.8 � 5.2 73.0 � 1.0 e
Overall 62.2 � 7.3 78.6 � 9.6 108.8 � 19.6

BMI (kg/m2)

Male 21.9 � 1.6 26.7 � 1.3 35.5 � 5.8

Female 23.3 � 1.5 26.4 � 2.1 e
Overall 22.6 � 1.6 26.6 � 1.5 35.5 � 5.8
All statistical analyses were carried out using SPSS statis-
tical software, version 19.0 for Windows (IBM SPSS Inc.,
Chicago, IL, USA). Participants were only included in the
analysis if they wore the monitor for more than 16 h per day.
Analysis of covariance (ANCOVA) was used to compare
adoption of the postures of sedentary behaviors (i.e., standing,
sitting, and lying) among the three BMI categories. Actual
wearing time was employed as a covariate to partial the effects
of different wear durations from the analysis. The ANCOVA
assumptions were checked and none were violated. Sidak
confidence interval adjustments were made for multiple
comparisons.40 Standing time was additionally adjusted for
moderate-to-vigorous intensity PA (MVPA) time (h/day) and
wear-time. Effect size for time spent in the different postures
of standing, lying, and sitting was calculated as the difference
between means of the normal weight, overweight, and obese
groups, divided by the standard deviation of the two groups.
Calculating effect size is a recommended technique for pre-
senting the “meaningfulness” of differences between groups.41

Values for Cohen’s d of (0.2e0.5), (0.5e0.8), and (>0.8) were
interpreted as small, moderate, and large, respectively.41
3. Results

Characteristics of the study participants are presented in
Table 1. Participants wore the accelerometer for 7 days with an
average of 22.23 h of wear-time per day. The average dura-
tions of wear time (h/day) for all participants were similar for
both weekdays and weekend days (22.3 and 22.0 h respec-
tively). The mean BMI � SD values for each category are
displayed in Table 1.

Daily posture frequencies are illustrated in Fig. 2. Partici-
pants within the normal weight and overweight groups spent
more standing time (6.7 h and 7.3 h, respectively) than those in
the obese group (5.5 h) after adjustment for MVPA and wear-
time. The ANCOVA revealed that after accounting for the ef-
fects ofMVPAandwear-time therewas a statistically significant
effect of BMI status on standing time (F (2, 149) ¼ 13.02,
p < 0.001). Post-hoc tests showed significant differences in
standing time for normal weight and overweight groups with
obese groups ( p < 0.001) while no significant difference was
found between normal weight and overweight groups
( p ¼ 0.051). The ANCOVA revealed that after accounting for
the effects ofwear-time therewas a statistically significant effect
of BMI status on sitting time (F (2, 150)¼ 6.39, p< 0.05). Post-
hoc tests reveal a significant difference existed between the
normal weight (7.1 h) and obese groups (8.0 h) ( p < 0.05), and
between overweight (6.9 h) and obese groups ( p < 0.001) for
sitting time. There was no significant difference in sitting time
between normal weight and overweight groups ( p¼ 0.67) after
adjustment for wear-time. No significant difference was found
in the total time spent lying among all groups (F (2, 150)¼ 0.58,
p ¼ 0.55).

According to Table 2, large effect sizes were observed
between the normal weight and obese groups (d ¼ 0.9) and
between the overweight and obese groups (d ¼ 1.5) in



Fig. 2. Average hours per day spent in posture allocations standing, lying, and sitting (Error bars represent SE) after adjustment for MVPA and wear-time.

*p < 0.05, **p < 0.001, compared with the obese.
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standing time. A moderate effect size was observed (d ¼ 0.5)
between the normal weight and the overweight group for
standing duration. A moderate effect size was observed for
sitting time between the normal weight and obese groups and
between overweight and obese groups (d ¼ 0.6, d ¼ 0.7,
respectively). The obese group spent significantly less stand-
ing time for weekdays and weekend days than those in the
normal weight and overweight groups ( p < 0.001). No sig-
nificant differences were observed for weekdays and weekend
days between normal weight and overweight groups ( p ¼ 0.33
and p ¼ 0.35, respectively) in standing time. There were no
significant differences on the time spent for sitting and lying in
either weekdays or weekends between the three groups
( p > 0.05) (Table 3).
Table 2

Duration and estimated effect sizes, comparing BMI categories in time spent

in different postures (standing and sitting).

Posture BMI classification n Time (h)

(mean � SD)

Cohen’s dy Cohen’s

classifications

Standing Normal weight 10 6.7 � 1.4 0.5 Moderate*

Overweight 6 7.3 � 1.2

Normal weight 10 6.7 � 1.4 0.9 Large**

Obese 6 5.5 � 1.4

Overweight 6 7.3 � 1.2 1.5 Large**

Obese 6 5.5 � 1.4

Sitting Normal weight 10 7.1 � 1.3 0.2 Small

Overweight 6 6.9 � 1.6

Normal weight 10 7.1 � 1.3 0.6 Moderate*

Obese 6 8.0 � 1.9

Overweight 6 6.9 � 1.6 0.7 Moderate*

Obese 6 8.0 � 1.9

*p < 0.05, **p < 0.001; dy, small (0.2e0.5), moderate (0.5e0.8), and large

(>0.8). Abbreviation: BMI ¼ body mass index.
4. Discussion

The results of this study support the hypothesis that obese
participants, on daily average, spent significantly less time
standing and more time sitting than either the normal weight
or overweight groups. These results are comparable to a study
conducted by Levine et al.19 who studied 10 lean and 10 obese
sedentary adults, using a PA monitoring system (PAMS) that
collected data on body positioning (standing still, sitting, and
lying) for 10 consecutive days. Those researchers found that
the lean group stood for 2 h longer per day than the obese
group. In addition, the obese group was seated an average of
2.7 h longer each day than the lean group. The obese group in
the current study sat for comparatively less time (0.4 h/day)
yet stood for longer than those in the Levine et al.19 study.
A study by Schaller et al.42 also showed that obese individuals
Table 3

Time (h) spent in difference postures on weekdays and weekends of the three

BMI groups (mean � SD).

Posture Group

Normal weight Overweight Obese

Standing

Weekday 6.5 � 1.5** 7.2 � 1.2** 5.4 � 1.2

Weekend 6.6 � 1.2** 7.6 � 1.2** 5.8 � 1.9

Sitting

Weekday 7.1 � 1.2 7.0 � 1.5 7.3 � 1.6

Weekend 7.0 � 1.6 6.6 � 1.7 8.1 � 2.5

Lying

Weekday 9.4 � 2.1 9.3 � 1.2 9.8 � 2.4

Weekend 9.3 � 1.5 9.2 � 1.5 7.3 � 3.4

**p < 0.001, compared with obese group.

Abbreviation: BMI ¼ body mass index.
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self-reported spending significantly more time sitting (watch-
ing TV or using the computer for leisure) compared to normal
weight or overweight groups.

Unexpectedly, this investigation found no significant dif-
ference in standing and sitting time between normal weight
and overweight groups. There are several possible reasons
why, on daily average, these overweight individuals spent
more time in standing than did the normal weight participants.
It is possible that the assessment time period in this investi-
gation may have been too short. It should be noted that, for
standing, because all of the people in this study were initially
sedentary (IPAQ criteria), the expected differences, between
the overweight and normal weight participants who, in other
studies, may initially present with a normal range of physically
active behaviors, are not found in these data. Consequently, the
variance observed for “standing” is small therefore the dif-
ferences which may be found between normal weight and
overweight groups were reduced for this group. However,
while there was a trend, no significant difference between the
groups was found. A large sample would provide greater
clarity. The relative instability of standing time between
normal and overweight people requires more research for
confirmation. However, this is an unexpected result and does
not agree with current study hypothesis, i.e., the group with the
higher BMI (the overweight group) were less sedentary (stood
for longer) than the group with lower BMI. Objective mea-
surement of sedentary behaviors with larger sample sizes re-
mains a priority for future research.

No significant difference ( p ¼ 0.55) was observed among
all groups for time spent lying (normal weight, 9.3 h; over-
weight, 9.3 h; obese, 9.6 h). These results are in line with
previous research, which illustrates that lean and obese groups
spent approximately the same amount of time lying down.19

The large amount of lying in this sample is not surprising,
given that sedentary adults often spend most of their waking
hours either sitting or lying down.31

In the face of growing sedentary lifestyle behavior (sitting
and lying), variants of light-intensity PAs have become
increasingly important. It has been shown that breaking up
sedentary time such as with short bouts of light- or moderate-
intensity walking, or activities as minimal as standing rather
than sitting can have positive effects on BMI.19,43 For instance,
a review of experimental research by Levine and Miller,44

found that if obese sedentary adults were to replace 2e3 h
of sitting in front of the computer with walking, energy
expenditure could increase by 100 kcal/h. If other components
of energy balance were to remain constant, a weight reduction
of 20e30 kg per year could occur.44

Due to the high levels of time spent in sedentary pursuits
(e.g., sitting) time observed in our sample and the fact that the
majority of the participants were sedentary university students;
it may be expected that these adults would sit more on
weekdays than weekend days. However, the participants spent
similar amounts of time sitting on both weekdays and week-
end days. This finding differs from results of previous research
which show that on average, sitting time was higher on
weekdays than on weekend days.45e47 In contrast, a recent
study by Burton et al.,48 examined 7719 mid-aged adults’ self-
reported sitting time in variations between weekdays and
weekend days, with longer sitting times on weekend days as
opposed to weekdays. However, studies examining sitting time
during weekdays and weekend days have relied on self-
reported data, in which sitting time has been defined either
by the amount of time spent watching television or time spent
sitting in different settings, such as transport, at home, at work,
and during leisure time. A recent study highlighted limitations
associated with the use of self-report measures of sitting time.
Lee et al.47 found that self-reports of time spent sitting on
weekdays were subject to less bias due to work and leisure
time routines, but the average weekend days provided more
discretionary time, therefore, there was increased potential for
more reporting error. Moreover, our finding is different to
those of a recent experimental study from Australia of 193
employees working in offices,49 which found that sitting,
assessed using the ActiGraph GT1M (ActiGraph, LLC, Pen-
sacola, FL, USA) accelerometer, was higher on workdays than
weekend days. Another study of Scottish postal workers,50

using activPAL� (PAL Technologies Ltd, Glasgow, UK) for
7 days, reported that office-based workers spent more seden-
tary time during workdays and less time on weekend hours
than did postal delivery workers. As indicated previously,
sitting time may be an important risk factor for chronic health
problems, thus accurate measurement of time spent sitting
throughout both weekdays and weekend days, is important for
our understanding of the links between sitting time and health.

The strength of this study is in its assessment of daily
posture allocation (i.e., standing, sitting, and lying) using a
new inclinometer function included with the ActiGraph GT3X
accelerometer. As a part of the inclusion criteria, behavior
status for all participants was determined as sedentary via the
IPAQ. Additionally, participants wore the accelerometer dur-
ing free-living and sleeping hours for an average of
22.23 � 1.30 h/day for 7 days (no participants reported any
issues with wearing the GT3X while sleeping). The limitations
of this study, however, include a relatively small sample size
of University students, and lack of female participants cate-
gorized as obese. The majority of the participants were full-
time students (54%), who participated at the end of the aca-
demic year. This is a period of intensive examinations, which
may reflect relatively smaller changes in postural allocations
between weekdays and weekend days.51 However, the results
indicate a positive relationship between levels of adiposity and
sedentary behaviors which have developed over a much longer
time period than the exam week. Additionally, this study has
presented postural allocation times over a 24-h day. The GT3X
device (inclinometer function) is also unable to distinguish
between lying awake and lying asleep. However, without a
self-report log for participants to report sleep time, it is diffi-
cult to make conclusions regarding total time spent lying
awake or asleep. This makes it difficult to compare these re-
sults with previous studies, whereby participants removed the
monitor for sleep, and therefore sleep time could be quantified.

Furthermore, previous studies have investigated that when
using the GT3X inclinometer function data should be
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interpreted with care, as misclassifications are common for
standing to be misclassified as sitting.33,52 Self-reports should
be used in addition to objective indicators of movement to
quantify the amount of sedentary behavior throughout the day
(morning, afternoon, and evening, both weekdays and week-
end days), and to identify sedentary behavior found across all
domains: work, leisure, home, and transport.36 Further
research needs to be conducted, with a larger sample size, and
with additional measures such as caloric intake, so that in-
teractions and relationships between PA, sedentariness, and
caloric intake may be more closely examined. Furthermore,
comparisons should be made for postural allocations (i.e., the
inclinometer functions of standing, sitting, and lying) between
sedentary and non-sedentary participants. Given the findings
from this study, more research, including randomized
controlled trials, is needed to explore the potential for using
increased standing time on body composition in obesity pre-
vention strategies.
5. Conclusion

This study is one of the first to use the GT3X inclinometer
function-measured time spent in standing, lying, and sitting
postures among sedentary adults within differing BMI cate-
gories. This study identified that obese participants, on daily
average, spent significantly less time in a standing posture and
more time sitting than either the normally weighted or over-
weight groups. Given that standing caloric expenditure is double
that of sitting and lying,19 practitioners working with obese in-
dividuals should use an approach that includes increasing daily
standing time, as well as reducing daily sitting when aiming to
achieve a weight loss. Further, additional research, including
randomized controlled trials, is needed to determine the effect of
increasing standing time on body composition.
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