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Abstract

Background: Replacing sitting with standing is one of several recommendations to decrease sedentary time and
increase the daily energy expenditure, but the difference in energy expenditure between standing versus sitting has
been controversial. This systematic review and meta-analysis aimed to determine this difference.

Designs and methods: We searched Ovid MEDLINE, Ovid Embase Scopus, Web of Science and Google Scholar for
observational and experimental studies that compared the energy expenditure of standing versus sitting. Ve calculated
mean differences and 95% confidence intervals using a random effects model. We conducted different predefined
subgroup analyses based on characteristics of participants and study design.

Results: We identified 658 studies and included 46 studies with 1184 participants for the final analysis. The mean
difference in energy expenditure between sitting and standing was 0.15 kcal/min (95% confidence interval (Cl) 0.12-0.17).
The difference among women was 0.1 kcal/min (95% CI 0.0-0.21), and was 0.19 kcal/min (95% CI 0.05-0.33) in men.
Observational studies had a lower difference in energy expenditure (0.1 1 kcal/min, 95% CI 0.08-0.14) compared to
randomised trials (0.2 kcal/min, 95% CI 0.12-0.28). By substituting sitting with standing for 6 hours/day, a 65 kg person
will expend an additional 54 kcal/day. Assuming no increase in energy intake, this difference in energy expenditure would
be translated into the energy content of about 2.5 kg of body fat mass in | year.

Conclusions: The substitution of sitting with standing could be a potential solution for a sedentary lifestyle to prevent
weight gain in the long term. Future studies should aim to assess the effectiveness and feasibility of this strategy.
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Introduction the daily sitting time ranging from 3.2 to 6.8 hours

Total energy consumption and expenditure are the two
components of energy balance, and determine the long-
term content of body fat.! The current evidence sug-
gests that energy consumption could increase the risks
of various cardiovascular diseases (CVDs), cancers and
diabetes mellitus (DM) while energy expenditure (EE)
may have an inverse relationship with those condi-
tions."*” EE while sitting is considered to be close to
the basal metabolic rate, with EE of less than 1.5 meta-
bolic equivalent of tasks (METs).® To that end, sitting
is considered the most common type of sedentary
behaviour. Population-based studies have reported
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countries’ to more than 7 hours in the United States.'®
The pervasive nature of sedentary behaviour, expressed
mainly as extended sitting time, has been blamed as one
of the contributors to the obesity epidemic and high
prevalence of CVD and DM, regardless of whether
physical activity has been self-reported or measured
objectively.'" !

Moderate to vigorous physical activities (MVPAs)
have been suggested as a solution to increase daily
EE and decrease the risk of CVD and mortality. The
amount of EE during these types of physical activities is
more than 3.5 METs.'*!> However, decreasing seden-
tary behaviour by increasing MVPAs has been shown
to be difficult due to several barriers in performing
MVPAs in the adult population, such as lack of time,
knowledge, motivation, social support or environmen-
tal factors such as lack of facilities.'®!” Furthermore,
people can perform 150 minutes of MVPA per week
and still be sedentary if they spend most of the day
sitting.'® Therefore, strategies have focused on decreas-
ing sitting time to reduce CVD risks and other
conditions.

Non-exercise activity thermogenesis (NEAT), a
major component of total EE, has become a concept
of interest in recent years to reduce sitting time, increase
EE and prevent obesity.'”>> NEAT includes a series of
low energy movements or activities with a metabolic
expenditure greater than 1.5 but lower than 3.5,
which occur on a daily basis for minutes to hours rep-
resenting a key determinant of the daily EE beyond
basal metabolic rate.”> Standing is an example of
NEAT that is the simplest and perhaps the most feas-
ible substitute for sitting.”* > In this regard, several
studies have suggested that the amount of EE of stand-
ing is significantly higher than sitting, while some other
studies have refuted the beneficial effect of standing on
daily EE or the risk of CVD %303

The objective of this systematic review and meta-
analysis was to investigate the difference in EE between
sitting and standing by pooling all available evidence.
These results could determine if decreasing sitting time
may be considered a valid strategy to decrease seden-
tary behaviour, increase the amount of daily EE and
possibly decrease the risk of obesity and other meta-
bolic and cardiovascular conditions.

Methods

This study was designed according to the guidelines of
the 2009 Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement.®*
The institutional review board of Mayo Clinic
approved the protocol of the study.

Inclusion criteria for this study were randomised and
non-randomised trials and observational studies that

measured the difference in EE between sitting and
standing among non-pregnant adults. We excluded stu-
dies with incomplete data, review articles, letters, edi-
torials and case reports.

An expert librarian (PJE) conducted a comprehen-
sive systematic literature search of Ovid MEDLINE,
Ovid Embase Scopus, Web of Science, Google
Scholar and EBSCO CINAHL from inception up to
22 June 2017, without language or year of publication
restrictions. Supplementary Appendix 1 shows the
search terms and strategy that were used by the librar-
ian to search the literature in Scopus.

The search result was uploaded into a systematic
review software (Covidence, London, UK). Three
authors (FS, JRMI and MS) independently and in
duplicate, identified the relevant titles and abstracts
and selected the studies for full-text review, based on
the inclusion and exclusion criteria. Figure 1 shows the
details of the screening and exclusion of the studies in
different stages with detailed reasons for exclusion. The
references of the studies included in the full-text review
were searched for cross-references, to find the studies
that could have been missed in the original search. The
reviewers calibrated their judgements using a smaller
set of reports. Subsequently, disagreements were har-
monised by consensus; if this was not possible, the
senior author (FLJ) made the final decision as to
whether or not to include a publication for final ana-
lysis. The interobserver agreement was measured using
the kappa statistic.

Data extraction

We extracted predefined data elements including gen-
eral study characteristics (the name of the first author
and the year of publication), study design (e.g. rando-
mised trial, observational studies, etc.), EE measure-
ment method, number of participants, age, gender,
weight, body fat mass, lean body mass, body mass
index (BMI), location of the study, specific group of
participants, the order of sitting and standing in
the study and outcome (i.e. EE) in different units of
kJ/min, kcal/min and METs in all the participants
and different subgroups (if applicable).

As standard tools to assess risk of bias could not be
applied to our studies, we developed a customised qual-
ity assessment tool assessing 25 characteristics relevant
for a comparison of EE, including: factors related to
participants (nine criteria), to setting (six criteria) and
to methods (10 criteria) (Supplementary Appendix 2).
The maximum possible score was 36. The studies were
classified as excellent quality (>18 out of 36), good
quality (10-18 out of 36) and fair quality (<10 out of
36), in terms of their methodological quality and the
risk of bias.
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Figure 1. PRISMA flowchart detailing the literature search.

We contacted the authors of studies in which more
information was needed to determine eligibility or to
complete the analyses.

Statistical analysis

We extracted the weighted mean differences from each
study, pooled the data across the studies and analysed
the data with a random inverse variance effects model,
because of expected heterogeneity across studies, using
the RevMan v.5.3 Cochrane Collaboration software.
We tested heterogeneity between studies using the chi-
squared test (x?) statistic and quantified inconsistency
with I, which represents the proportion of between-
study differences that is not attributable to chance or
random error. We prespecified subgroup analyses by
gender, the quality score of the studies, use of sit—
stand workstations in the experiment and study

design dividing studies as either observational studies,
randomised trials or non-randomised trials.

Publication bias

We assessed publication bias using a funnel plot to
inspect asymmetry visually. We used the trim-and-fill
method to identify and correct the asymmetry of the
funnel plot arising from publication bias. We trimmed
the small studies and filed the missing studies around
the centre of the plot and compared the results to
results without using this method.

Results

The systematic search yielded 658 abstracts, from
which 46 studies with 1184 research participants were
included in the final analysis, including 10 randomised



European Journal of Preventive Cardiology 0(00)

0-SE (MD) ©
@g
o @
&o %
. 0 Obo
Cno @&
0 :
0.2+ i
|
3 0
0371 i
:
| 0
0.4T !
05 1 1 : 1 MDI
= -0.5 0 0.5 1

Figure 2. Funnel plot showing the distribution of the included studies based on their results of the difference in energy expenditure

between sitting versus standing.

trials (Figure 2). The table shows the main characteris-
tics of the studies included. Reviewers were in agree-
ment over which studies should be included (kx =0.83).
Most studies came from the USA (eight studies), the
UK (seven studies) and India (five studies). All articles
were in English and there was no unpublished work
that met our inclusion criteria.

The mean age of the participants was 33 £ 11 years,
range 19-74 years, 60% were men, mean BMI was
24kg/m? with a mean body weight of 65+ 15kg.

None of the studies met all the 25 criteria listed in
the customised quality assessment tool. Nineteen had
excellent quality, 11 had good quality and the rest had
fair quality (Table 1). All of the included studies used
indirect calorimetry to measure the amount of EE in
sitting and standing.

The mean EE while standing was 1.47 £ 0.33 kcal/min,
range 0.952-2.32 kcal/min, while the mean EE of sitting
was 1.29 +0.24 kcal/min, range 0.85-1.8 kcal/min.
The mean difference in EE between standing and stand-
ing was 0.15kcal/min (95% confidence interval (CI)
0.12-0.17) (Figure 3).

In seven studies, the EE of sitting and standing was
reported separately for men and women. Subgroup
analysis of these studies showed a difference in EE
between sitting and standing of 0.1 kcal/min among
women that had borderline statistically significance
(95% CI 0.0-0.21), while the EE between sitting and
standing in men was significantly different (0.19 kcal/
min, 95% CI 0.05-0.33) (Figure 4).

We conducted a subgroup analysis to test the differ-
ence in EE between sitting and standing by study
design. The lowest difference in EE between sitting
and standing was found in observational studies
(0.11 kcal/min, 95% CI 0.08-0.14), while the greatest
difference was reported in randomised trials
(0.18 kcal/min, 95% CI 0.11-0.25). Heterogeneity was
significant for all subgroup analyses based on the study
design; however, the I statistic to test for subgroup
difference was 45%, suggesting that the study design
could be a possible source of heterogeneity that was
observed in the overall meta-analysis (Figure 5).

A subgroup analysis was performed to test the effect
of the quality of studies on the overall heterogeneity.
The highest difference in EE between sitting and stand-
ing was demonstrated in studies with good quality
(Figure 6). Another subgroup analysis focused on stu-
dies using sit-stand workstations in their experiment
and compared the result with those not using sit—
stand workstations in their design. The result of the
comparison showed the difference between sitting and
standing while working is 0.04 kcal/min, higher than
the difference between sitting and standing motionless
(0.18 kcal/min, 95% CI 0.07-0.29 vs. 0.14 kcal/min,
95% CI 0.11-0.16) (Figure 7).

Discussion

The precise effect of substituting sitting with standing
on daily EE and on weight loss has been debated.
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Saeidifard et al.

Heterogeneity: Tau?
Test for overall effect:

.01; Chi? = 514.75, df = 41 (P<0.00001); 12 = 92%
=10.29 (P<0.00001)

Standing Sitting Mean Difference Mean Difference
Study or Subgroup Mean [Kcal/min] ~ SD [Kcal/min] Total Mean [Kcal/min] ~ SD [Kcal/min] Total Weight IV, Random, 95% CI [Kcal/min] IV, Random, 95% Cl [Kcal/min]
Bandyopadhyay 1980 1.07 004 11 1.01 004 11 36% 0.06 [0.03, 0.09] o=
Banerjee 1958 1.18 006 11 1.08 005 11 35% 0.10 [0.05, 0.15] =
Banerjee 1959 1.24 0.05 7 1.12 0.06 7 3.3% 0.12 [0.06, 0.18] e 1)
Banerjee 1961 0.95 001 7 0.86 002 7 38% 0.09 [0.07,0.11] -
Banerjee 1972 114 006 20 0.85 004 20  36% 029 [0.26,0.32] &
Bleiberg 1980 135 005 27 1.29 004 27 37% 0.06 [0.04, 0.08] -
Brun 1979 153 021 38 138 018 39  28% 0.15 [0.06, 0.24] —
Brun 1980 1.44 004 29 138 004 33  37% 0.06 [0.04,0.08] -
Buckley 2013 232 083 10 1.49 007 10 03% 0.83 [0.31, 1.35]
Cole 1987 1.7 093 7 133 05 10 0.1% 0.37 [-0.39, 1.13]
Cox 2011 15 007 31 1.19 005 31  36% 031 [0.28,0.34] -
Creasy 2015 143 047 18 124 027 18 09% 0.19(-0.06, 0.44] &
De Guzman 1978 142 019 20 133 012 20  26% 0.09[-0.01, 0.19] e
De Guzman 1984 1.43 037 9 137 024 18 08% 0.06[-0.21, 0.33] S
Edholm 1955 1.82 023 12 16 019 12 16% 0.22 [0.05, 0.39]
Edmundson 1989 1.28 021 20 111 017 24 23% 0.17 [0.06, 0.28] —
Fountaine 2016 1.86 045 18 1.69 043 18 07% 0.17[-0.12, 0.46] —~
Gao 2017 1.2 02 18 1.1 01 18  25% 0.10[-0.00, 0.20] =
Garry 1955 1.74 024 17 141 06 20 07% 0.33 [0.04,0.62] —_—
Geissler 1985 1.51 008 67 1.35 009 67  37% 0.16 [0.13,0.19] =
Hawari 2016 1.64 005 10 1.48 004 10 35% 0.16 [0.12, 0.20] -
Judice 2016 1.07 031 25 1.01 014 25 20% 0.06 [-0.07, 0.19] —J—
Kanade 2001 1.16 013 64 1.05 011 64  35% 0.11 [0.07,0.15] -
Levine 2000 1.46 041 24 134 038 24 1.1% 0.12[-0.10, 0.34] —
Levine 2007 1.36 02 15 12 016 15  21% 0.16 [0.03,0.29] s
Mansoubi 2015 215 094 51 18 032 51 08% 0.35 [0.08, 0.62]
McAlpine 2007 162 043 19 1.46 035 19 09% 0.16 [-0.09, 0.41] =
Miles-Chan 2013 1.02 004 22 0.97 004 22 37% 0.05 [0.03,0.07] B
Monnard 2017 14 003 35 1.03 002 35  38% 0.07 [0.06, 0.08] -
Pulsford 2016 1.59 029 25 1.44 029 25  1.7% 0.15(-0.01, 0.31] f——
Reiff 2012 1.36 02 20 1.02 022 20  21% 0.34 [0.21,0.47] —_—
Roemmich 2016 152 01 24 139 008 24  34% 0.13 [0.08,0.18] ]
Speck 2011 1.29 031 13 13 025 13 1.1% ~0.01[-0.23,0.21] —=
Steeves 2012 1.49 03 23 131 026 23 1.7% 0.18 [0.02,0.34] s
Strickland 1990 161 001 22 1.46 006 22 37% 0.15 [0.12,0.18] =
Thompson 1997 1.26 022 40 117 023 40 26% 0.09[-0.01,0.19] =
Thorp 2016 1.26 01 17 111 011 17 31% 0.15 [0.08,0.22] S
Verschuren 2016 1.84 035 26 1.46 015 27 19% 0.38 [0.23,0.53] —
Visser 1995 135 018 12 1.02 008 12 24% 0.33 [0.22, 0.44] e
Viteri 1971 1.28 007 18 1.21 008 19 34% 0.07 [0.02,0.12] B
Whybrow 2013 145 04 14 165 048 14 06% ~0.20 [-0.53, 0.13] —
Wygand 2016 157 009 15 1.39 009 15  32% 0.18 [0.12,0.24] =
Total (95% Cl) 931 957 100.0% 0.15[0.12,0.17] +

|
t

05 1

Difference in energy expenditure (stand-sit)

Figure 3. Forest plot of mean difference in energy expenditure (kcal/min) between

sitting and standing.

Study or Subgroup

Standing
Mean [Kcal/min] SD [Kcal/min] Total Mean [Kcal/min] SD [Kcal/min] Total

Sitting

Mean Difference
Weight IV, Random, 95%ClI [Kcal/min]

Mean Difference

1V, Random, 95% Cl [Kcal/min]

Female

Banerjee 1972- female
De Guzman 1978- female
De Guzman 1984- female
Judice-female
Kanade-female
Katzmarzyk-female
Lante-female

Subtotal (95% Cl)

Male

Banerjee 1972- male
De Guzman 1978- male
De Guzman 1984- male
Judice- male
Kanade-male
Katzmarzyk-male
Lante-male

Subtotal (95% Cl)

Total (95% Cl)

0.89
1.268
1.37
0.92
1.04
1.54
1.75

Heterogeneity: Tau?= 0.01; Chi? = 54.81 df = 6 (P< 0.
Test for overall effect: Z= 2.00 (P=0.05)

1.39
1.57
1.495
1.23
1.37
174
2.92

Heterogeneity: Tau? = 0.02; Chi? = 45.54, df = 6
Test for overall effect: Z= 2.72 (P=0.007)

0.05
0.137
0.386

0.13

0.12

0.33

0.48

0.08
0.296
0.455

0.19
0.165

0.36

0.65

10
10
9
25
40
12
9
115

.00001); 12 = 89%

10
10
9
25
24
35
6
19

(P <0.00001); I>=87%

234

Heterogeneity: Tau? = 0.02; Chi? = 133.38, df = 13 (P < 0.00001); I2 = 90%
Test for overall effect: Z= 3.39 (P=0.0007)
Test for subgroup differences: Chi2 = 1.00, df = 1 (P=0.32), 2= 0%

0.68
1.243
1.252

0.88

1.03

1.46

1.25

1.03
1.411
1.483

1.14

1.19

1.72

1.98

0.04 10
0.1 10
0.148 9
0.11 25
0.081 40
0.43 12
0.23 9
115

0.04 10
0.166 10
0.392 9
0.11 25
017 24
035 35
0.29 6
119

234

10.2% 0.21[0.17, 0.25]
8.9% 0.02 [-0.08, 0.13]
5.1% 0.12[-0.15, 0.39]
9.8% 0.04 [-0.03, 0.11]

10.1% 0.01 [-0.03, 0.05]
4.5% 0.08 [-0.23, 0.39]
3.8% 0.500.15, 0.85]

52.4% 0.10[0.00, 0.21]

10.0% 0.36 [0.30, 0.42]
6.4% 0.16 [-0.05, 0.37]
3.3% 0.01[-0.38, 0.40]
9.4% 0.09[0.00, 0.18]
9.2% 0.18[0.09, 0.27]
7.5% 0.02 [-0.15, 0.19]
1.9% 0.94[0.37, 1.51]

47.6% 0.190.05, 0.33]

100.0% 0.15[0.06, 0.23]

*

+

0 1 2
Difference in energy expenditure (stand-sit)

Figure 4. Forest plot of mean difference in energy expenditure (kcal/min) between

sitting and standing by gender.
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Standing Sitting Mean Difference Mean Difference
Study or Subgroup Mean [Kcal/min] ~ SD [Kcal/min] Total Mean [Kcal/min] SD [Kcal/imin] Total Weight IV, Random, 95% CI [Kcal/min] IV, Random, 95% CI [Kcal/min]
Observational
Bandyopadhyay 1980 1.07 0041 11 1.01 0039 11  36% 0.060.03, 0.09] e
Banerjee 1958 1.18 0064 11 1.076 0053 11 3.4% 0.10[0.05, 0.15] -
Banerjee 1959 1.232 0052 7 1.116 0058 7  32% 0.12[0.06, 0.17] —
Banerjee 1961 0.952 0011 7 0.862 0028 7 37% 0.09[0.07,0.11] >
Bleiberg 1980 1.35 0047 27 1.29 0045 27 37% 0.06 [0.04, 0.08] -
Brun 1979 1.53 021 38 138 018 39  28% 0.15[0.06, 0.24] —
Brun 1980 1.44 0045 29 138 0043 33  37% 0.06[0.04, 0.08] =
Cole 1987 1.7 093 7 1.33 05 10 0.14% 0.37 [-0.39, 1.13]
De Guzman 1978 1.42 019 20 133 0124 20  26% 0.09[-0.01, 0.19] —
De Guzman 1984 1.43 037 9 137 024 18 09% 0.06 [-0.21, 0.33] —
Edholm 1955 1.82 023 12 1.6 019 12 16% 0.22[0.05, 0.39]
Edmundson 1989 1.28 0213 20 111 017 24 23% 0.170.05, 0.29] —
Garry 1955 1.74 024 17 1.41 06 20  0.8% 0.33[0.04, 0.62]
Verschuren 2016 1.84 035 26 1.46 015 27 1.9% 0.380.23, 0.53]
Visser 1995 1.35 018 12 1.025 008 12 24% 0.33[0.21, 0.44] —_
Viteri 1971 1.28 007 18 121 008 19 34% 0.07[0.02, 0.12] —
Subtotal (95% CI) 271 297 39.8% 0.11 [o 08,0.14] L]

Heterogeneity: Tau? = 0.00; Chi? = 56.49, df = 15 (P < 0.00001); I = 73%
Test for overall effect: Z=7.89 (P<0.00001)

NRT
Banerjee 1972 114 006 20 0.85 004 20 36% 0.290.26, 0.32] ]
Buckley 2013 2.32 083 10 1.49 0662 10  02% 0.83[0.17, 1.49]

Fountaine 2016 1.86 045 18 1.69 043 18 08% 0.17 [-0.12, 0.46 =

Geissler 1985 1.51 008 67 1.35 009 67 36% 0.16[0.13, 0.19] -
Kanade 2001 1.164 0135 64 1.05 011 64  35% 0.11[0.07, 0.16] -
Levine 2000 1.46 041 24 134 038 24 11% 0.12[~0.10, 0.34] —t——
Levine 2007 1.36 02 15 12 016 15  21% 0.16 [0.03, 0.29] ———
McAlpine 2007 1.62 043 19 1.46 035 19 09% 0.16 [-0.09, 0.41 —
Miles-Chan 2013 1.02 004 22 0.97 004 22 37% 0.05 [0.03, 0.07 -
Monnard 2017 1.1 003 35 1.03 002 35 37% 0.07[0.06, 0.08] .

Speck 2011 1.287 031 13 1.296 025 13 1.2% ~0.01[-0.23,0.21 g
Steeves 2012 1.49 03 23 1.31 026 23 17% 0.180.02, 0.34]

Strickland 1990 1.61 0006 22 1.46 006 22 37% 0.15[0.02, 0.18 -
Thompson 1997 1.26 022 40 117 023 40 26% —
Whybrow 2013 1.45 04 14 1.65 048 14 06% 0.2

Wygand 2016 157 009 15 1.39 009 15  31% 0.18[0.12, 0.24 —
Subtotal (95% CI) 421 421 359% 0.14[0.09, 0.18] >

Heterogeneity: Tau? = 0.01; Chi? = 228.08, df = 15 (P < 0.00001); I?= 93%

Test for overall effect: Z= 5.49 (P<0.00001)

RT

Cox 2011 15 007 31 1.19 005 31  36% 0.31[0.28, 0.34] -

Creasy 2015 1.43 0475 18 1.244 027 18 09% —

Gao 2017 12 02 18 14 01 18 25% ——

Hawari 2016 1.64 005 10 1.48 004 10 35% 0.16[0.12, 0.20] ~-

Jadice 2016 1.075 031 25 1.01 014 25 20% 0.06 [-0.07, 0.20] -—

Mansoubi 2015 2.15 094 51 18 032 51 08% 0.350.08, 0.62]

Pulsford 2016 12 02 18 14 01 18 25% 0.10 [~0.00; 0.20] —

Reiff 2012 1.36 02 20 1.02 022 20 21% 0.34[0.21,0.47] —

Roemmich 2016 152 01 24 1.39 008 24 33% 0.13[0.08, 0.18] e

Thorp 2016 1.26 01 17 111 011 17 30% 0.15 [0.08, 0.22] s

Subtotal (95% Cl) 232 232 24.3% 0.18(0.11, 0.25] -

Heterogeneity: Tau? = 0.01; Chi? = 77.91, df = 9 (P < 0.00001); I? = 88%

Test for overall effect: Z= 5.08 (P<0.00001)

Total (95% Cl) 924 950 100.0% 0.14[0.12,0.17] .

Heterogeneity: Tau? = 0.01; Chi? = 505,55 df = 41 (P < 0.00001); I? = 92% 1 05 o 05 H

Test for overall effect: Z= 10.08 (P<0.00001) - - ’ e y ’
Test for subgroup differences: Chi? = 3.64, df = 2 (P=0.16), 1= 45.0% Difference in energy expenditure (stand-sit)

Figure 5. Forest plot of mean difference in energy expenditure (kcal/min) between sitting and standing by study design.
NRT: non-randomised trials; RT: randomised trials.

Standin Sittin, Mean Difference Mean Difference
Study or Subgroup Mean [Kcal/min] SD [Kcal/min] _Total Mean [Kcalimin]  SD [Kcal/min] Total Weight IV, Random, 95% CI [Kcal/min] 1V, Random, 95% Cl [Kcal/min]
Excellent quality
Banerjee 1972 114 006 20 0.85 004 20 36% 0.290.26, 0.32] -
Buckley 2013 2.32 083 10 1.49 0662 10 02% 0.83[0.17, 1. 49]
Founaine 2016 1.86 045 18 1.69 043 18 08% 0.17[-0.12, 0.46] —

1.2 02 18 11 01 18  25% 0.10[-0.00, 0.20] ——
Judlce zms 1.075 031 25 1.01 014 25 20% 0.06-0.07, 0.20] -
Levine 2000 1.46 0.41 24 1.34 0.38 24 1.1% 0.12[-0.10, 0.34] 1
Levine 2007 1.36 02 15 1.2 016 15 21% 0.16[0.03, 0.29] —_—
Mansoubi 2015 215 094 51 1.8 032 51 08% 0.35[0.08, 0.62]
McAlpine 2007 1.62 043 19 1.46 035 19 09% 0.16[-0.09, 0.41] —
Miles-Chan 2013 1.02 004 22 0.97 004 22 37% 0.05 [0.09, 0.07] -
Monnard 2017 11 003 35 1.03 002 35 37% 0.07 [0.06, 0.08] -
Pulsford 2016 1.2 02 18 14 01 18 25% 0.10[~0.00, 0.20] ——
Steeves 2012 1.49 03 23 1.31 026 23 17% 0.18 [0.02, 0.34]
Strickland 1990 1.61 0006 22 1.46 006 22 37% 0.15[0.12, 0.18] -
Thompson 1997 1.26 022 40 117 023 40 26% 0.09[-0.01,0.19] —
Thorp 2016 1.26 01 17 111 011 17 30% 0.15[0.08, 0.22] ——
Visser 1995 135 018 12 1.025 008 12 24% 0.33[0.21, 0.44] —_
Wygand 2016 157 009 15 139 009 15 3.1% 0.18[0.12, 0.24] =£=
Subtotal (95% Cl) 404 404 40.4% 0.15[0.11,0.20] ->
Heterogeneity: Tau? =229.17, df = 17 (P<0.00001); I = 93%
Test for overall effect .23 (P<0.00001)
Good quality
Banerjee 1958 1.236 0052 7 1116 0058 7 32% 0.12[0.06, 0.18] -
Cox 2011 1.5 007 31 1.19 005 31 36% 0.31[0.28, 0.34] -
Creasy 2015 1.43 0475 18 1.244 027 18  0.9% 0.19[-0.07, 0.44] —
De Guzman 1984 1.43 037 9 1.37 024 18  09% 0.06[-0.21,0.33] —
Geissler 1985 1.51 008 67 1.35 009 67 36% 0.16[0.13,0.19] -
Hawari 2016 1.64 005 10 1.48 004 10 35% 0.16[0.12, 0.20] -
Kanade 2001 1.164 0135 64 1.05 011 64 35% 0.11[0.07, 0.16] —
Reiff 2012 1.36 02 20 1.02 022 20 21% 0.34[0.21,0.47] _—
Roemmich 2016 152 01 24 1.39 008 24 33% 0.13[0.08, 0.18] -
Verschuren 2016 184 035 26 1.46 015 27 19% 0.38[0.23, 0.53]
Whybrow 2013 1.45 04 14 1.65 048 14  06% -0.20[-0.53,0.13] _—
Subtotal (95% CI) 290 300 27.1% 0.18 [0.12, 0.24] <>
Heterogeneity: Tau?= 0.01; Chi2= 107.76, df = 10 (P<0.00001); 1= 91%
Test for overall effect: Z= 5.93 (P<0.00001)
Fair quality
Bandyopadhyay 1980 1.07 0.041 11 1.01 0039 11 36% 0.06 [0.03, 0.09] -
Banerjee 1958 1.236 0052 7 1.116 0058 7 32% 0.12 [0.06, 0.18] =
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Figure 6. Forest plot of mean difference in energy expenditure (kcal/min) between sitting and standing by studies’ quality score.
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Figure 7. Forest plot of mean difference in energy expenditure (kcal/min) between sitting and standing with and without using sit—

stand workstations.

This is the first systematic review and meta-analysis
evaluating the difference in EE between sitting and
standing in an adult population. Our study demon-
strates when putting all the available scientific evidence
together, that standing can effectively account for more
EE than sitting. The results also show that the differ-
ence in EE is more modest than is generally stated in
studies or review papers recommending the substitution
of sitting with standing.®>

In the subgroup analyses, we found that EE between
standing and sitting is about twice as high in men as in
women, probably reflecting the effect of greater muscle
mass in men on the amount of EE, as EE is propor-
tional to the muscle mass activated while standing. In
the subgroup analysis by the study design, the differ-
ence in EE between sitting and standing was twice as
high in randomised trials as in observational studies. In
observational studies, the participants were observed
while doing daily activities, whether they were primarily
sitting or primarily standing. Thus, investigators had
no control over the time participants would spend in
each position, and the contamination of exposure
(standing vs. sitting) was likely to have interfered with
the precision of the calculated difference in EE between
standing versus sitting.

The subgroup analysis of studies using a sit-stand
workstation and working with computers as part of
their design showed that the use of a workstation
does not necessarily lead to a higher difference in EE
standing versus sitting, compared to just standing. This
is probably because the EE of typing is negligible.

In recent years, the role of a sedentary lifestyle on
obesity and CVD has been highlighted, and decreasing
the sedentary time, independent of MVPA, is con-
sidered a target for weight loss and CVD reduction.
Several studies have suggested the substitution of sit-
ting with NEAT, and especially with standing, as a way
to reduce sedentary time and specifically to prevent or
manage obesity.'? 214041

Levine et al.>° proposed the concept of NEAT and
considered standing as one of the most influential com-
ponents of NEAT that along with walking and fidget-
ing-like activities could prevent obesity. The results of
this study partially support this theory. On the basis of
our results, the substitution of 6 hours of sitting per day
with standing would result in an additional 54 kcal in
daily EE, predicting a loss of 2.5 kg of body fat mass in
one year based on the principle of energy balance.
However, whether such a small difference in EE will
truly translate into long-term weight loss is yet to be
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proved, as compensatory mechanisms in basal meta-
bolic rate, increased caloric intake as a result of more
muscle activity, or other factors may negate the benefit
of spending a few extra calories a day. The limited
experimental evidence testing the effect of standing
versus sitting on weight loss shows conflicting results.
Danquah et al.** demonstrated that the substitution of
sitting with standing would have positive, albeit very
modest, effects on fat loss. The authors showed that
the body fat percentage was only 0.61 percentage
points lower among participants in the intervention
group compared to the control group. Aadahl et al.,*
on the other hand, reported that with decreasing sitting
time by 3% and substituting this time with standing for
6 months, waist circumference would decrease by
1.42cm. The limited experimental evidence highlights
the need for randomised trials using standing time as
an intervention, assessing long-term weight loss under
controlled and less controlled circumstances.

The physiological basis of the incremental EE differ-
ence during standing has been explained by Miller**
based on the basic rules of thermogenesis. The author
describes that the difference in EE between different
resting positions of lying, sitting and standing is
because of different level of heat production; no work
is being accomplished during these positions but a dif-
ferent number and volume of muscles are involved in
sitting compared to standing. During standing more
muscles are tensed and stretched to fight gravity and
bear the weight. This is called ‘isometric thermogen-
esis’. On the other hand, our findings are less substan-
tial than was assumed in previous studies, suggesting
that the previous estimates of the effect of standing
versus sitting for the management of body weight
may need to be reassessed. It is unclear that the acute
increase in EE with the postural change from sitting to
standing would continue. Miles-Chan et al. have shown
that during a 10-minute phase of standing, the
expended energy in the second 5minutes of the phase
is about one half of the expended energy in the first
5minutes.*> This result may support the theory of
adaptation of the muscles during motionless standing
that would decrease the amount of EE towards the
amount that is observed during sitting.

Although the present study has focused on the
changes in EE, the benefits of the substitution of sitting
with standing may not be limited to EE. While different
observational studies and systematic reviews have
shown the undesirable effects of prolonged sitting and
sedentary lifestyle on the both CVD risks and out-
comes, ' *!34¢47 several studies have suggested beneficial
effects of the substitution of sitting with standing on
different CVD risk factors. Healy et al. in 2013
showed that replacing sitting time with exclusively
standing can decrease fasting blood sugar by

approximately 0.34 mmol/dl.* Their more recent
study in 2017 on different groups of participants and
in a different situation confirmed this result.*’ Graves
et al. in 2015 also demonstrated the same result for
fasting blood sugar,”’ and showed that standing in
lieu of sitting can have desirable effects on lowering
triglycerides and diastolic blood pressure. These results
underscore the potential health benefits of standing
instead of sitting, beyond its effects on EE and energy
balance, and suggest that recommending standing to
replace sitting time may also prevent cardiovascular
events. However, epidemiological and experimental stu-
dies need to confirm this hypothesis.

The present study has several strengths. As a system-
atic review and meta-analysis, the results represent evi-
dence coming from different studies, populations and
designs. We gathered all the studies ever published
asking the same question, and expanded the search to
unpublished data, to minimise bias and represent the
best available evidence testing the difference in EE
between standing versus sitting.

The limitations of this study include the relatively
limited quality of the studies included. Most studies
were of moderate to fair quality, and no study met all
the criteria to be considered of superior quality. We
used the trim-and-fill method to assess the effect of
this limitation on our meta-analysis results. The differ-
ence in EE between sitting and standing in our analysis
was significant, but was less than expected and gener-
ally perceived. However, considering burning 54 more
calories by 6 hours of standing instead of sitting, the
long-term effect on weight loss is not trivial, with a
possible 10 kg reduction in body fat over 4 years in a
65 kg person. In addition, there are no studies assessing
the potential adverse effects of prolonged motionless
standing, such as worsening of varicose veins and or
peripheral oedema in some people, and also the adap-
tation of muscles to the new position leading to a
decrease in the amount of EE to levels similar to sitting.
Also, our results came primarily from white popula-
tions, limiting the generalisability to different ethnici-
ties. Information regarding the baseline level of the
daily activity of the participants of the included studies
was not clarified in their articles; so concluding on the
difference in EE between sitting versus standing in
people with different levels of daily activities was not
possible. The age of the participants varied between 18
and 66 years, and there was a variation between the
health status of the participants across different studies.
However, given that the aim of the present study was to
assess the difference between the EE of sitting and
standing, these factors have a trivial effect on the
explanation and the accuracy of the results.

In conclusion, the substitution of sitting with stand-
ing leads to a modest increase in EE. If applicable to
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long periods of time (most days of a year), this differ-
ence in EE theoretically could be used as a potential
solution to ameliorate a sedentary lifestyle so as to pre-
vent weight gain and obesity in the long term.
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