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Abstract

PURPOSE: Prolonged sitting is a major health concern, targeted via government policy and the
proliferation of height-adjustable workstations and wearable technologies to encourage standing.
Such interventions have the potential to influence energy balance and thus facilitate effective
management of body/fat mass. It is therefore remarkable that the energy cost of sitting versus
standing naturally remains unknown. METHODS: Metabolic requirements were quantified via
indirect calorimetry from expired gases in 46 healthy men and women (age 27+12 y, mass
79.3+14.7 kg, body mass index 24.7+3.1 kg-m™, waist:hip 0.81+0.06) under basal conditions
(i.e. resting metabolic rate; RMR) and then, in a randomized and counterbalanced sequence,
during lying, sitting and standing. Critically, no restrictions were placed on natural/spontaneous
bodily movements (i.e. fidgeting) to reveal the fundamental contrast between sitting and standing
in situ whilst maintaining a comfortable posture. RESULTS: The mean [95% CI] increment in
energy expenditure was 0.18 [0.06 to 0.31] kJ-min™ from RMR to lying, 0.15 [0.03 to 0.27]
kJ-min™ from lying to sitting and 0.65 [0.53 to 0.77] kJ-min™ from sitting to standing. An
ancillary observation was that the energy cost of each posture above basal metabolic
requirements exhibited marked inter-individual variance, which was inversely correlated with
resting heart rate for all postures (r=-0.5 [-0.7 to -0.1]) and positively correlated with self-
reported physical activity levels for lying (r=0.4 [0.1 to 0.7]) and standing (r=0.6 [0.3 to 0.8]).
CONCLUSION: Interventions designed to reduce sitting typically encourage 30-120 min-d™
more standing in situ (rather than perambulation), so the 12 % difference from sitting to standing
reported here does not represent an effective strategy for the treatment of obesity (i.e. weight-
loss) but could potentially attenuate any continued escalation of the on-going obesity epidemic at

a population level. Keywords: Metabolic rate, Energy Balance, Posture, Fidgeting
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Introduction

Traditional approaches to both the primary prevention and management of obesity have
typically involved diet and/or physical exercise (e.g. brisk walking), yet non-exercise activity
thermogenesis (NEAT) plays a central role in our predisposition towards weight gain (1).
Specifically, the behaviors of daily life outside structured exercise typically account for the
majority of energy expended above resting metabolic rate (RMR). Furthermore, NEAT exhibits
greater inter-individual variability and dictates total energy requirements more than any other
component of energy expenditure (2). Therefore, alongside conscious efforts to diet and exercise,
a promising contemporary approach to obesity management may be to subtly influence lifestyle
choices that reduce sedentary time and/or encourage spontaneous behaviors to accelerate

metabolism.

The most basic behavioral change with the potential to achieve this objective is simply to
modify posture or body position (e.g. reduce time spent sitting). Indeed, obese as opposed to lean
adults spend 2-3 hours more time seated rather than standing each day (3) and such sedentary
behavior is associated with increased risk of type Il diabetes, cardiovascular disease and all-
cause mortality (4). The aforementioned pilot study also provided an early suggestion that
individuals with obesity might therefore increase energy expenditure by ~1.5 kJ-d™ (=350 kcal-d"
1) merely by adopting the posture allocation of their lean counterparts (3). If supported by further
work, that possibility may then justify the recent proliferation of height-adjustable workstations
and wearable technologies designed to monitor and interrupt prolonged periods of physical
inactivity. It is therefore remarkable that the difference in energy cost between sitting and

standing naturally has never been measured.
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Sheer biomechanical efficiency dictates that more physical work is required for humans
to stand than to sit and metabolic studies have indeed verified this under conditions in which
participants remain completely motionless (i.e. without fidgeting). For example, such studies in
which participants have bodily movements somewhat restricted have reported a 5-17 %
increment in energy cost from sitting to standing of 0.17-0.92 kJ-min™ (5-13). At the other end of
the spectrum, those basic science studies are complemented by ecologically valid comparisons of
various daily tasks completed either seated or with perambulation when not seated (5, 10, 14-21),
which reveal increments anywhere up to 33% above sitting depending on the intensity of the
specific daily task in question. However, spontaneous movements such as fidgeting are not
ordinarily restricted in free-living humans, nor can inferences be drawn regarding the metabolic
cost of posture allocation per se if specific daily activities are prescribed and sitting is compared
with walking. The primary aim of the present experiment is therefore to document the
fundamental contrast between sitting and standing in situ whilst naturally maintaining a

comfortable posture.

Methods
Approach to the Research Question

The novelty and importance of this work therefore stems from three key features of the
research design: a) participants were allowed to fidget naturally rather than either having bodily
movements restricted or having specific activities or tasks prescribed; b) measurement of RMR
enabled the energy cost of each posture to be normalized for basal metabolic requirements and
thus account for differences in body size (hence inter-individual variance can be largely

attributed to spontaneous bodily movements such as fidgeting); and c) a sample size larger than
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related previous investigations provides the most confident estimate to date of the true difference
in energy expenditure between typical bodily postures even if had there been little influence of
allowing participants to fidget. The combination of these independently important factors
provides the first ever indication of the difference in energy expenditure that may reasonably be
expected by the many individuals endeavoring to stand more and sit less in accordance with

current health recommendations.

Participants

Forty-six women (n=17 and men (n=29) who self-identified as metabolically healthy
participated in this experiment (participant characteristics in Table 1). Thirty-six participants were
recruited from the South-West of the United Kingdom and tested at the University of Bath, whereas the
other 10 were recruited from the locality of Santa Barbara in California and tested at Westmont
College, both to supplement the sample size and to independently verify observations in a second
laboratory. All participants were provided with an information sheet highlighting the nature of the
investigation and the potential risks involved, prior to providing both written and verbal consent. This
research was approved by the University of Bath Research Ethics Approval Committee for Health
(REACH) reference EP 12/13 87 and the use of all data collected conformed to the Data Protection Act
1998.
Experimental Design

All participants underwent metabolic testing via gold-standard indirect calorimetry from
gaseous exchange (22, 23) firstly to establish RMR and subsequently to assess energy
expenditure over a 20-minute period whilst lying, sitting and standing, with the sequence of these

postures applied in randomized and counterbalanced order.
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Critically, whereas participants were asked to remain motionless according to best
practice for measurement of RMR (24), they were free to make subtle adjustments to position to
maintain a comfortable posture during all 3 randomized conditions. Participants were not
provided with any specific task to complete but rather viewed a non-emotive nature documentary
on television (David Attenborough: Frozen Planet, 2011), with the screen positioned comfortably
and standardized across all body positions (0.84 m from the floor at an angle of 90° and 1.87 m
from the participant’s eye across all conditions). The lying condition had participants supine in a
medical bed (Huntleigh Healthcare, Nesbit Evans, UK) with the base 0.5 m from the floor and
the headrest inclined at 60°; the sitting condition had participants remain seated in a lightly-
padded 4-legged chair with 14° back incline and armrests (Torasen Kyos Ks3a, UK), the height
of the seat (48.5 cm) enabled all participants to comfortably maintain foot contact with the floor
throughout; the standing condition had participants in comfortable footwear remaining in situ on
a point marked on the floor (i.e. no perambulation) but otherwise without any restrictions on
fidgeting in any condition (i.e. weight-shifting or other posture maintaining behaviors).
Preliminary Measures

Participants arrived at the laboratory between 0800 and 0900 h following an overnight fast (> 8
hours) and having refrained from heavy exercise, ingestion of caffeine or alcohol in the 24 hour period
prior to the trial, consistent with best practice guidelines for measuring RMR (24). Post-void body mass
was recorded to the nearest 0.1 kg using weighing scales (Weylux, UK) and height was measured to
the nearest 0.01 m using a Stadiometer (Holtain Ltd, UK). Waist and hip circumferences were
measured to the nearest 0.1 cm, as described by World Health Organisation guidelines, using a tension
correcting anthropomorphic tape measure (Miniflex, Rabone Chesterman, England), to give a

representation of abdominal adiposity. Participants completed the International Physical Activity
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Questionnaire (IPAQ) long-form (i.e. 27 questions assessing the duration and frequency of daily
activities of known intensities over the past 7 days) using the revised 2005 continuous scoring protocol
to give a validated estimation of habitual weekly physical activity (expressed as MET-minutes-week™:;
http://www.ipag.ki.se/; 25).
Sampling & Analysis

Expired gas samples were collected at the University of Bath over at least 20 minutes via a
mouthpiece connected to tubing with a unidirectional valve (Hans Rudolph, MO, USA) either directed
into four consecutive 200 L Douglas bags (each 5-min sample accepted as stable when within 100 kcal
day ' with the average of the lowest three samples reported as RMR). Similarly, expired breath
samples were monitored continuously at Westmont College over at least 10 minutes to verify stable
values (Vacu-Med Vista MX), with the average of all 30 s periods reported. Heart rate was recorded
over the last 10 min of the RMR collection using a Polar HR monitor (Kempele, Finland). A Servomex
1440 Gas Analyser (UK) was used to measure oxygen and carbon dioxide concentrations of ambient
air and known volumes of expired gas collected in Douglas bags. This Servomex was calibrated on the
morning of each trial using two gases of known concentrations, zero gas (Nitrogen 100%) and a mixed
gas (7.95% Carbon Dioxide, 15.98% Oxygen and 76.07% Nitrogen). Gas samples of ambient air were
measured proximally to the participants’ mouthpiece during each expired gas sample collection, in
accordance with the recommendation by Betts & Thompson (2012), to give a representation of inspired
air composition (26). The volume of expired air was measured by evacuating the Douglas Bag using a
dry gas meter (Havard Apparatus, Kent, UK) with the temperature of the expired air measured using a
CheckTemp1C (Hanna Instruments). Rates of oxygen utilization (VO,) and carbon dioxide production
(VCO,) were used to calculate energy expenditure and total carbohydrate and fat oxidation rates were

estimated using stoichiometric equations (27).
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Statistical Analysis

Data are expressed as the mean change between conditions with 95% confidence intervals. A
normal distribution was verified using the Shapiro-Wilk test and thus Pearson correlation coefficients
were calculated between energy expenditure and resting heart rate and physical activity levels. Given
the relatively low demands placed on participants in terms of time and effort, the required sample size
was determined by pilot testing of the first 10 volunteers. Even this small sub-set provided adequate
statistical power to detect clear increases in energy expenditure with all three postural allocations but
we chose to the other 36 participants not only verify the existence of effects (including those smaller
than indicated by our pilot work) but moreover to increase confidence in our estimate of the true
magnitude of change with each posture, along with generating a more representative sample that also
enables consideration of the spread of individual data. All statistical analyses were performed using the

IBM Statistical Package for Social Scientists (SPSS) v21.0 (SPSS Inc., Chicago, IL).

Results

Differences in the absolute rate of energy expenditure (kJ-min™) between conditions are
illustrated for each individual on Figure 1. At a group level, mean (SD) RMR was 4.92 (1.21)
kJ-min™* (i.e. adhering to best practice for basal measures; motionless), but once permitted to
fidget naturally in maintaining a comfortable posture energy expenditure increased to 5.10 (1.34)
kJ-min™ when lying (3.7 % above basal), 5.25 (1.31) kJ-min™ when sitting (6.6 % above basal)

and 5.90 (1.39) kJ-min™ when standing (19.7 % above basal).

Figure 2 illustrates these same group contrasts but with data expressed relative to basal

energy requirements, thus adjusting individual responses for variance in metabolic requirements
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due largely to differences in total tissue mass. The inter-individual differences in response on this
figure therefore provide a better reflection of the extent of small postural changes such as
fidgeting within each individual. The mean [95% CI] increments between conditions were 0.18
[0.06 to 0.31] ki-min™ from RMR to lying, 0.15 [0.03 to 0.27] kJ-min™ from lying to sitting and
0.65 [0.53 to 0.77] kd-min™ from sitting to standing (thus a 2.8 % change from lying to sitting

and 12.3 % change from sitting to standing).

Mean (SD) resting heat rate was 60 (9) beats-min™ (measured during RMR) and this
parameter exhibited a moderate inverse correlation with the extent of the increment in energy
expenditure above basal metabolic requirements in all conditions (i.e. lying r=-0.47 [-0.70 to -
0.13]; sitting r=-0.45 [-0.70 to -0.12]; and standing r=-0.41 [-0.67 to -0.07]; Figure 3). Similarly,
mean (SD) self-reported physical activity levels were 3291 (1946) MET-minutes-week ™, where
one MET is equivalent to a standard metabolic rate of 1.0 kcal-kg™-h™ (28), and exhibited
moderate positive correlations with the extent of the increment in energy expenditure above
basal metabolic requirements when lying (r=0.4 [0.1 to 0.7]) and standing (r=0.6 [0.3 to 0.8]),

with a less clear relationship apparent for sitting (r=0.26 [-0.10 to 0.56]; Figure 4).

Discussion

The primary aim of this experiment was to isolate the effect of natural body position on
energy expenditure. The observed increment in energy expenditure of 12 % (0.65 [0.53 to 0.77]
kJ-min™*) from sitting to standing warrants discussion on four counts. First and foremost, it is
inherently important from a basic science perspective to have now established the fundamental

difference in energy cost between sitting and standing naturally. This difference is broadly
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similar to the 5-17 % (0.17-0.92 kJ-min™) increment observed when participants remain
motionless and/or bodily movements are completely restricted (5-13); whereas there is a wide
range of estimates up to a 33 % increment when participants emulate daily activities either seated
or allowing for perambulation when standing (5, 10, 14-21), with the magnitude of change
understandably dependent on the specific tasks prescribed in each study. For example,
participants in the pilot study by Levine et al (5) answered telephones, ambled around the
laboratory and pretended to interact with pets, which increased energy expenditure by 26 % (2.1
kJ-min’*) from sitting to standing. We did not ask participants to emulate any daily activities and
so document here that the fundamental contrast between postures without any restriction on
fidgeting is less than half that earlier estimate. Interestingly, the 2011 Compendium of Physical
Activities estimates the energy cost of quietly watching television whilst lying supine to be 1
MET and whilst sitting to be 1.3-1.5 MET, whereas standing quietly (e.g. standing in line) is 1.3-
1.8 MET (the upper limit of the range for sitting and standing allows for fidgeting). When
expressed in such terms as a multiple of resting metabolic rate, the findings of the present study
understandably agree with the negligible energy cost of lying (1.04 MET) but reveal lower
absolute energy costs for sitting (1.07 MET) and standing (1.20) despite the fact fidgeting was
not restricted, although the increment does broadly fall within the reported range (28). Similarly,
consistent with the recent study by Miles-Chan (6), an energy cost of 1.5 MET was only
exceeded by a minority of participants when standing and by none when seated or lying,
supporting the proposal that this intensity may represent an appropriate threshold for a

standardised definition of sedentary behaviors (29).
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The second major point of discussion relates to the treatment of obesity (i.e. weight-loss).
The observed difference of 0.65 kJ-min™ (9.3 kcal-hour™) between sitting and standing is
unlikely to result in clinically meaningful reductions in body fatness. Workplace interventions to
reduce sitting typically increase standing time by 30-120 min-d™ (30) and the energy density of
adipose tissue is circa 7.1 kcal-g™ (i.e. 30 kJ, p.301; 31). Therefore, the direct energy deficit
imposed by prescribed standing for even two full additional hours everyday would only equate to
circa 130 kcal per week (less than the energy content of 20 g adipose tissue) and so falls far short
of the rate of weight-loss generally considered worthwhile, safe and sustainable (e.g. 0.5-1.0 kg

per week).

Thirdly however, the observed difference of 0.65 kJ-min™ (9.3 kcal-hour™) between
sitting and standing may still be meaningful in relation to the on-going and rising incidence of
obesity, which has been attributed to a sustained daily positive energy balance of just 30 kJ-d*
(7.2 keal-d™; 32). Importantly, to maintain this small surplus over the last 3-4 decades purely via
changes in diet would have required a more substantial increase in energy intake of circa 900
kJ-d™* (>200 kcal-d™) in order to slightly exceed the elevated energy requirement necessarily
associated with accumulating tissue mass (32). Therefore, while the relatively minor energy cost
of standing for an extra hour each day would be insufficient to offset the average increase in
energy intake seen since the late 1970s, a subtle societal shift to favour standing naturally for
longer each day does have the potential to slow or even halt further progress of the escalating
obesity epidemic at a population level (i.e. our already high rates of obesity would at least not
continue rising so rapidly (33) - assuming that standing itself does not elicit other compensatory

responses).
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A fourth and final major discussion point when considering the primary outcome of this
experiment is the potential for the increased muscular work of one posture over another to impart
health benefits irrespective of any difference in energy balance or therefore obesity (34). It
remains debatable whether the low-level physical exertion of simply standing in situ is sufficient
to improve metabolic health (35). Whilst merely not being in a seated position may encourage
unprompted engagement in more energetic physical activities (e.g. perambulation), a recent 12-
month workplace intervention to reduce prolonged sitting time revealed that people in fact
mostly substitute sitting only with standing in situ (as was studied in the current experiment), yet
long-term improvements in cardiometabolic health biomarkers (e.g. fasted insulin
concentrations) are dependent on greater engagement in ambulatory activities (36). Equally, even
if the majority of time is to be spent in a seated position and therefore energy balance not greatly
affected, regularly interrupting prolonged sitting with activity breaks can still be beneficial for

metabolic and cardiovascular health (37-39).

Whilst this experiment was not designed to answer questions regarding the factors
responsible for inter-individual variability in fidgeting in each posture (questions which have
recently been systematically addressed; 6, 7), it is nonetheless interesting to consider the
variance in energy expenditure due to fidgeting apparent in the present dataset. As evidenced by
the individually paired differences plotted on Figure 1, there was a high degree of heterogeneity
across the sample in the magnitude and indeed direction of observed responses between postures.
This variance is likely to reflect inter-individual differences in the amount of
fidgeting/movement that occurred in each body position rather than pure measurement error

given the extremely high reliability of properly conducted indirect calorimetry for measuring

Copyright © 2018 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



oxygen uptake (coefficient of variation 0.05 %; 40). The novelty of reporting this variance stems
largely from the fact that the scientific rigor necessary to precisely quantify metabolic rate via
indirect calorimetry is most logically and commonly complemented by equally tight
standardization of experimental conditions, rather than the unusual combination reported here of

precision measurement with purposely uncontrolled conditions (i.e. permitting natural fidgeting).

The importance of reporting inter-individual differences is linked to the possibility that
this may explain personal predisposition towards weight-gain/loss. The present data clearly
demonstrate inter-individual variance in the observed energy cost between different body
positions and so may indicate that certain people have a greater propensity than others to fidget
and thus facilitate weight-loss by adopting a given position. However, it is important to consider
whether the observed responses would persist if each postural allocation were maintained for a
more extended duration than the 20-min monitoring periods investigated in this study but also
whether a similar duration of monitoring at other times within the same day and especially over
multiple days would yield similar results between postures and/or between participants. Whilst a
replicated design over multiple periods would be required to truly identify those with a genuine
predisposition towards fidgeting (41), evidence that certain individuals may indeed consistently
fidget more than others can be drawn from certain more stable traits which are predictive of that
response. For example, resting heart rate exhibited moderate inverse correlations with the change
in energy expenditure above RMR (when not permitted to fidget) when naturally lying, sitting or
standing (Figure 3), whereas moderate positive correlations were apparent for the increment
with both lying and standing relative to self-reported physical activity levels (International

Physical Activity Questionnaire; Figure 4).
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Given that a more active lifestyle can improve cardiovascular fitness and that a reduced
resting heart rate is an archetypal adaptation to physical training, the above correlations introduce
the intriguing prospect that physically fitter individuals also tend to spontaneously expend more
energy when naturally maintaining a comfortable posture at rest. One possible explanation is that
some individuals are inherently driven to be more active whenever the opportunity arises, thus
explaining both the greater propensity to fidget at rest and the more active habitual lifestyle in
general. This reasoning is consistent with the hypothesis that engagement in behaviors of daily
life outside structured exercise (i.e. NEAT) is regulated by the genetically determined capacity of
a personal energy ‘tank’ whereby, under conditions where locomotion is not possible, more
active individuals expend their additional energy reserve via compensatory increases in

spontaneous movements such as fidgeting (42).

It is also possible that the apparent relationship between resting heart rate and the change
in energy expenditure above rest may be an artefact of some participants being more relaxed
during all resting measures (i.e. thus producing a relatively low heart rate and RMR, with the
latter driving the ostensibly greater increase from rest). However, several observations are not
consistent with that explanation: primarily that the observed resting heart rates do not correlate
whatsoever with RMR either in absolute terms (r=0.03, p=0.9) or expressed per kilogram of
body mass (r=0.18, p=0.3) but also given that best practice measures were used to ensure all
measures of RMR represented a valid and reliable estimate of basal energy requirements (24).
Lastly, even assuming some degree of covariance between resting measures of heart rate and
metabolic rate, this would not explain the strongest correlation between self-reported physical

activity levels and the increase in metabolic rate from rest to standing (r=0.59, p<0.001; Figure

Copyright © 2018 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



4). By this reasoning, individual differences in the magnitude of increase in energy cost above
rest is likely to reflect the amount of fidgeting/movement in each posture, which appears to be
associated with these proxy measures of physical activity and fitness. However, given both that
the measures of physical activity and fitness applied in this study provide only indirect,
subjective estimates and that the experiment was not designed specifically to explore inter-
individual differences in energy cost, further research is warranted to determine the existence and
direction of any causal relationships between these variables (for example, including an exercise
test with indirect calorimetry to directly quantify maximal oxygen uptake as a measure of
cardiorespiratory fitness and/or with combined accelerometry or doubly/labelled water as

objective measures of physical activity levels).

Of relevance to all the preceding discussion regarding the energy cost of sitting versus
standing is whether the observed increment of 0.65 kJ-min™ is generalizable across various
populations. The data reported here represent a sample of 46 men and women who were
generally young and of healthy weight, although our broad inclusion criteria and relatively large
total sample does allow for some speculation regarding generalizability. Specifically, those
participants with a BMI under (n=25) or over (n=21) 25 kg-m™ exhibited an increment from
sitting to standing that was accordingly slightly under (0.61 kJ-min™) or over (0.69 kJ-min™) the
group mean, so this crude measure of adiposity does not appear to meaningfully alter
interpretation of this study (although it remains to be seen whether a more sophisticated measure
of body composition such as dual-energy x-ray absorptiometry may reveal other potential factors
predictive of the observed postural/fidgeting responses). Likewise, the small minority of

participants (n=6) who were older than the mean group age by more than one standard deviation
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(i.e. >40 years) increased energy expenditure by 0.74 kJ-min™ from sitting to standing, so further
research in an older population may be warranted. Incidentally, as distinguished by the solid
versus dotted lines on Figure 2, the main finding of his study is entirely consistent between the
36 individuals tested in Bath and the 10 tested in California (i.e. 0.6463 versus 0.6461 kJ-min™,
respectively), thus lending confidence to the overall finding given the independent verification

across multiple laboratories.

In summary, this experiment isolates for the first time the difference in energy cost
between sitting and standing naturally (i.e. when permitted to spontaneously fidget in order to
maintain comfort). This fundamental contrast reveals a 12 % increment in energy expenditure
when standing rather than sitting, which is less than half earlier estimates based on conditions in
which participants were asked to emulate daily activities either seated or allowing for
perambulation when standing. The increment reported here therefore reflects the direct
difference in energy expenditure that might reasonably be expected by anyone adopting general
recommendations to stand more and sit less (i.e. without any further prescription to engage in
specific activities or walking). The fact that this observation is smaller than previously thought
may question the value for weight-loss of height-adjustable workstations or wearable
technologies that indicate when we have been sitting too long because the increased energy cost
of mere standing per se is grossly inadequate to elicit the large energy deficit needed for
effective treatment of obesity. Conversely, prompting the simple act of standing rather than
sitting naturally for a short time each day could theoretically compensate for the small energy
surplus responsible for gradual weight-gain at a population level and therefore potentially limit

the rising global incidence of obesity.
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Figure Legends:

Figure 1: Resting metabolic rate and the increment in energy expenditure when lying, sitting
and standing, expressed in absolute terms. Solid lines are those participants tested in

Bath and dotted lines are those tested in Santa Barbara.

Figure 2: The increment in energy expenditure when lying, sitting and standing, expressed

relative to basal metabolic requirements. Solid lines are those participants tested in

Bath and dotted lines are those tested in Santa Barbara.

Figure 3: The association between resting heart rate and the change in energy expenditure

above resting metabolic rate when naturally lying, sitting or standing.

Figure 4: The association between habitual physical activity levels and the change in energy

expenditure above resting metabolic rate when naturally lying, sitting or standing.

Copyright © 2018 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



Figure 1

-q

(@)

(&)

~

Energy expenditure (kJ-min)
W

"%0.65 kJ-min-’
(0.53 to 0.77)

N

A0.15 kJ-min
(0.03 to 0.27)

A0.18 kJ-min-!
(0.06 to 0.31)

Resting  Lying Sitting  Standing
Metabolic
Rate

Copyright © 2018 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



Figure 2

A0.65 kJ-min!

(0.53 to 0.77)
2.5

20

c

é A0.15 kJ-min™’
a5 5 (0.03 to 0.27)
= g 1.5
,_g o |

= | v
é}_ ; N Y , l/ﬁ‘
m % ) /1’/” ,4/;” v/
> T ; M{'//« '
5 ©
c £ 05 ]

O) z : e, 53t
£ c
o 1)
e S 0p
6 e

2

©

—-0.5

D

-1.0

Lying Sitting Standing

Copyright © 2018 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



Figure 3

© Lying: r=-0.41(-0.67 to -0.07)

O  Sitting: r=-0.36 (-0.63 to -0.00)

O Standing: r=-0.34 (-0.62 to -0.01)
o)

401

30+

20+

Change in energy expenditure
relative to resting metabolic rate (J-kg body mass™!-min-1)
o
1

40— | T | T T 1
0 40 50 60 70 80 90

Resting Heart Rate (beats-minute™)

Copyright © 2018 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



Figure 4
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Table 1: Participant characteristics.

Variable All Women Men
n 36 17 29
Age (years) 2712 3217 24+ 8
Height (m) 1.79 + 0.09 1.71 +0.06 1.84 +0.07
Mass (kg) 79.3+£14.7 67.5+9.3 854+94
BMI (kg-m™) 247+ 3.1 234+ 2.7 29.4+1.2
Waist:Hip 0.81+0.06 0.77 £ 0.06 3.31+1.14

Data are mean = SD.
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