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Abstract

Objective: To investigate the effect of replacing sitting with standing on cardiovascular risk factors tested
in clinical trials.

Methods: We searched databases from inception up to August 28, 2019, for studies examining the effect
of replacing sitting with standing on fasting blood glucose, fasting insulin, and lipid levels; blood pressure;
body fat mass; weight; and waist circumference in healthy adults. Differences in mean £ SD values were
used for pooling the data and calculating the mean differences and Cls.

Results: The search found 3507 abstracts. Nine clinical trials (8 randomized and 1 nonrandomized) with
877 (64.4% [n=>565] women) participants met all inclusion criteria. The mean £ SD age was 45.34+5.41
years; mean follow-up was 3.81 months, and mean difference in standing time between the intervention
and control groups was 1.33 hours per day. The follow-up fasting blood glucose and body fat mass values
were slightly but significantly lower than baseline records in the intervention groups compared with
control groups (—2.53; 95% CI, —4.27 to —0.79 mg/dL; and —0.75; 95% CI, —0.91 to —0.59 kg). The
analysis for fasting insulin levels, lipid levels, blood pressure, weight, and waist circumference revealed no
significant differences.

Conclusion: Replacing sitting with standing can result in very small but statistically significant decreases
in fasting blood glucose levels and body fat mass with no significant effect on lipid levels, blood pressure,
weight, and waist circumference. Replacing sitting with standing can be used as an adjunctive intervention
to decrease the burden of cardiovascular risk factors but cannot be used as an alternative to physical
activity to decrease sedentary time.

http://creativecommons.org/licenses/by-nc-nd/4.0/

ardiovascular disease (CVD), espe-
C cially ischemic heart disease, is the

leading cause of death worldwide.'
The number of deaths from CVD has
increased globally from 5.74 to 8.14 million
from 1990 to 2013, while the number of
crude deaths has decreased from 9.266 per
1000 to 7.556 per 1000 during the same
period.” Major modifiable risk factors for
CVD explain most CVD events and several fac-
tors coexist because they share similar causes,
namely sedentary lifestyle and poor diet. The
CVD risk factors representing the spectrum
of cardiometabolic dysregulation include

elevated blood glucose levels; insulin resis-
tance; abnormal lipid levels; increased waist
circumference (WC), waist to hip ratio, and
body fat mass (BFM); and high blood pres-
sure.”" Accordingly, attenuating these risk fac-
tors through lifestyle changes such as
increasing physical activity and decreasing
sedentary time’ could play a major role in
reducing the burden of CVD.

Sedentary behavior, defined as time spent
with a low rate of energy expenditure (<1.5
metabolic equivalent tasks)”’ during waking
hours and commonly represented by sitting
time, is associated with CVD and with CVD
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FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-
analyses flow diagram details the literature search and number of
included and excluded studies with reasons for exclusion in each stage.
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risk factors, including obesity, diabetes, hyper-
In modern
society, adults are highly sedentary, while
they might be physically active by the defini-
tion of having 150 or more minutes of moder-
ate to vigorous physical activity per week. It is
shown that the average monitored sitting time
is about 7.7 hours per day in the United States
(equal to 54.9% of waking hours)"” and self-
reported sitting time is 5.15 hours per day in

tension, and hyperlipidemia.”

s e 14
European countries.

In recent years, more studies have been
focusing on testing the effect of replacing
sedentary time with different kinds of activities
as an intervention to improve CVD risk factors
and mortality.'” Observational data have
consistently demonstrated that shorter seden-
tary time, or sitting time, is associated with
healthier measures of WC, body mass index
(BMD), triglyceride (TG) levels, and 2-hour
' It also has been
shown that replacing sitting with other activ-
ities including walking has a significant associ-
ation with reduced CVD mortality."’
However, the overwhelming evidence

plasma glucose levels.'®

supporting the hypothesis that avoiding
sedentary time improves CVD risk factors is
observational in nature and therefore more
prone to bias because people who avoid
sedentary behavior tend to be more physically
active and healthier.'”'

Nevertheless, in recent years there has
been increased emphasis on standing to
reduce sedentary time, under the assumption
that nonsitting activities with minimal addi-
tional caloric expenditure, such as just stand-
ing, would be beneficial.”>  Although
replacing sitting with standing may help pre-
vent weight gain,”* the effect of standing vs
sitting to control CVD risk factors is contro-
versial.”> "

Therefore, we aimed to systematically re-
view and first, demonstrate how much evi-
dence has been produced to examine the
actual effect of using widely growing standing
desks on health, and second, quantitatively
synthesize the effect of replacing sitting time
with standing on sedentary lifestyle—related
CVD risk factors in adults as tested in random-
ized and nonrandomized controlled trials.

METHODS

This systematic review and meta-analysis was
designed according to the Cochrane Handbook
of Systematic Reviews and is approved by
Mayo Clinic Institutional Review Board. The
study is being reported based on the 2015
Preferred Reporting Items for Systematic Re-
views and Meta-analysis statement.””

Studies were eligible if they met all of the
following criteria. (1) Design: published and
unpublished experiments with a parallel ran-
domized or nonrandomized comparison
group or crossover clinical trials. (2) Partici-
pants: nonpregnant and nonlactating healthy
adults. (3) Intervention: replacing sitting time
with standing for at least 30 minutes per
day. (4) Comparison: sitting without any sig-
nificant break including standing or walking.
(5) Outcome: changes in CVD risk factors,
including obesity measures (weight, WC,
waist to hip ratio, and BFM), cardiometabolic
biomarkers (fasting blood glucose (FBG), fast-
ing insulin (FI), and lipids), and systemic
blood pressure. (6) Follow-up: a minimum
of 5 consecutive days. We had no time or lan-
guage restriction.
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TABLE. Baseline Characteristics of Studies That Examined the Effect of Replacing Sitting Time With Standing on Different Cardiovascular Risk Factors
A Time of
No. of Partici- Standing (h/d), Risk of Bias
Reference, pants (interven- Participants’ Follow-up intervention — in Individual

year tion, control) Mean Age (y) (mo) control Study Design Setting (PICO) Study Location Studies

Aadahl 81, 68 52 6 0.44 RCT Participants: Sedentary adults recruited from the Denmark Low
etal’’ population-based Health 2010 Study who self-reported at
2014 least 3.5 h of daily leisure-time sedentary behaviors, had
comprehension of Danish language, self-reported
maximum 8 h/wk of vigorous physical activity without a
handicap or functional limitation
Intervention: 4 individual theory-based counseling sessions
to encourage for more standing and less sitting
Comparison: Participants with usual lifestyle in the control
group
Outcomes: Sitting time, breaks in sitting time, BMI, weight,
waist circumference, body fat, total cholesterol, HDL-C,
LDL-C, triglycerides, fasting blood glucose, fasting insulin,
fasting HbA |, HOMA

Alkhajah 18, 13 362 3 3.54 RCT Participants: Office workers who used a nonadjustable Australia Unclear
etal, work surface and desktop computer
2012 Intervention: Installation of commercially available sit—stand
workstation
Comparisone: Participants doing usual day-to-day activities
Outcomes: Changes in sitting and standing time, fasting total
cholesterol, HDL-C, triglycerides, fasting glucose

Butler et al*® 21,21 227 0.7 0.71 CRCT Participants: Healthy college students
2018 Intervention: Installing standing desks
Comparisone: Participants who were seated
Outcomes: Changes in fasting glucose, fasting triglycerides,
HDL-C, blood pressure (systolic and diastolic)

Danquah 173, 144 455 3 0716 RCT Participants: Practitioners and health workers in Denmark and Low

etal’

municipalities and private workplaces Greenland
2016 Intervention: Appointment of local ambassadors,
management support, environmental changes, a lecture, a
workshop to encourage for more standing and less sitting
Comparison: Participants in control group who did not
receive the interventions
Outcomes: Changes in waist circumference and body fat

percentage

Continued on next page
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No. of Partici-
Reference, pants (interven-

year tion, control)

Participants’
Mean Age (y)

Follow-up
(mo)

A Time of
Standing (h/d),
intervention —

control

Study Design

TABLE. Continued

Risk of Bias
in Individual

Setting (PICO) Study Location Studies

Graves 23,21
et al,Zé

2015

Healy et al,* 18, 18
2013

Healy et al,* 136, 95
2017

386

432

2

121

213

0.6

RCT

NRCT

RCT

Participants: Asymptomatic full-time office workers England Unclear

Intervention: Installing sit-stand workstation on participants’
workplace desk for 8 wk

Comparison: Participants in control group who did not
receive interventions

Outcomes: Sitting, standing, and walking time; vascular
outcomes including endothelial dysfunction, carotid artery
intima media thickness, systolic and diastolic blood
pressure; fasting blood glucose, total cholesterol,
triglycerides, musculoskeletal discomfort/pain,
anthropometric, sociodemographic, work-related and
office environment characteristics, acceptability and
feasibility of using sit-stand workstation

Participants: Sample of community-dwelling Australian Australia Unclear
adults

Interventions: 45-min researcher-led consultation, holding
workshops, installing dual display sit-stand workstations, 30-
min face-to-face consultation with each intervention
participant, followed by 3 telephone calls (I/wk)

Comparison: Participants in control group who were
advised to maintain usual work practices

Outcomes: Changes in sitting, standing, and moving time;
weight, waist circumference, hip circumference, fat-free
mass, fat mass, total cholesterol, triglycerides, HDL-C, LDL-
C, fasting glucose, fasting insulin, systolic and diastolic blood
pressure

Participants: Staff of a large single public service Australia Low
organization

Intervention: Senior management support, recruitment of
team champion, emails from team champion promoting
the intervention messages, installing sit-stand workstations,
health coaching, goal setting and tracking

Comparison: Participants in control group who were
advised to maintain usual work practices

Outcomes: Cardiometabolic risk score, changes in weight,
fat mass, waist circumference, HDL-C, LDL-C, triglycerides,
fasting blood glucose, fasting insulin, HOMA, systolic and
diastolic blood pressure

Continued on next page
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TABLE. Continued

A Time of
No. of Partici- Standing (h/d), Risk of Bias
Reference, pants (interven- Participants’ Follow-up intervention — in Individual
year tion, control) Mean Age (y) (mo) control Study Design Setting (PICO) Study Location Studies
MacEwen I5, 10 4548 3 1.31 RCT Participants: Overweight/obese sedentary office workers,
etal’’ mean BMI of 35.8 kg/m?”
2017 Intervention: Installing height-adjustable desks
Comparison: Participants in seated work posture
Outcomes: Changes in weight, BMI, waist circumference,
body fat mass, systolic and diastolic blood pressure, total
cholesterol, triglycerides, HDL-C, LDL-C, fasting blood
glucose, HbA |, VO, max aortic augmentation index,
subendocardial variablity, behavioral outcomes
Thorp 23,23 482 0.17 391 Crossover RCT Participants: Overweight/obese sedentary office workers, Australia Low
etal ™ 17 men and 6 women, BMI= 29.6 kg/m”
2014 Intervention: Installing electric height-adjustable workstation

Comparison: Participants in seated work posture
Outcomes: Changes in weight, waist circumference, fasting
glucose, fasting insulin, fasting triglycerides

BMI = body mass index; CRCT = controlled randomized clinical trial; HbA |, glycated hemoglobin; HDL-C = high-density lipoprotein cholesterol; HOMA = homeostatic model assessment; LDL-C = low-density lipoprotein

cholesterol; NRCT = nonrandomized clinical trial; PICO = participants, intervention, comparison, outcomes, RCT = randomized controlled trial; VO, maximum oxygen consumption.
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An expert librarian searched different data-
bases, including MEDLINE, EMBASE, Scopus,
Turning Research Into Practice Database, Web
of Science, Google Scholar, and Cumulative
Index of Nursing and Allied Health Literature
since inception up to August 28, 2019. The
Supplemental Appendix (available online at
https:/mepiqojournal.org) shows the search
strategy and the terms used for searching
MEDLINE.

We searched through the references of the
included studies and similar studies for addi-
tional reports. Trial registries were other sour-
ces of the handsearching for finding gray
literature, specifically unpublished studies, as
defined by the Cochrane handbook.” No
ongoing trial was found in our search. The au-
thors of included studies were also contacted
for any similar published or unpublished
studies. Before finalizing the analysis, we
updated our search for the studies with publi-
cation dates after completion of our original
search.

Three independent investigators (F.S.,
JRM--IL., and M.S.) reviewed the titles and ab-
stracts of the studies, which were identified
through the original search, in parallel and us-
ing an online reference manager software
(Covidence). Duplicates were removed by the
librarian and also during the screening by
the software. Disagreements were resolved us-
ing consensus and, if not possible, using arbi-
tration as appropriate by the senior
investigator (F.L.-J.). The investigators then
assessed the full text of the included titles
and abstracts for eligibility, independently
and in parallel, to capture the most relevant
studies for data extraction and analysis. The
K statistic was used to examine the agreement
between investigators in each stage of the
screening.

A database was prepared with all prede-
fined variables to collect and to be used inde-
pendently and in duplicate by investigators for
the data extraction. Two investigators
extracted the data of the included studies,
and the third investigator evaluated the results
to examine and confirm the concordance be-
tween the 2 investigators. The extracted data
included study characteristics (author, year
of publication, design, location of the study,
and risk of bias), participant characteristics
(including number of participants, age, sex,

and health status), intervention characteristics
(including time spent standing in a day and
follow-up of the participants in different
groups), and mean £ SD of baseline and
follow-up of both the intervention and control
groups for different cardiometabolic bio-
markers and blood pressure. In case additional
information was needed, the authors of the
study would be contacted by email.

The Cochrane Collaboration’s tool was
used to assess the risk of bias in individual
studies. The investigators independently
answered the following questions for each
study: Was the allocation sequence adequately
generated? Was allocation adequately con-
cealed? Was the knowledge of the allocated in-
terventions adequately prevented during the
study? Were incomplete outcome data
adequately addressed? Are reports of the study
free of suggestion of selective outcome report-
ing? Was the study apparently free of other
problems that could put it at a risk of bias?
The reviewers would answer “yes” to the ques-
tions if they found evidence of controlling that
bias in the study, the answer “no” meant the
study could not control the bias, and “unclear”
was used when the reviewers were not able to
draw a conclusion regarding the presence or
absence of that bias in the study. The number
of yes, no, and unclear responses resulted in
the overall risk of bias in each study. The
studies were also assessed for risk of bias in
outcome measurement and analysis.

We calculated the difference in mean £ SD
of the baseline and follow-up for both the
intervention and control groups in each study
and for each risk factor. RevMan, version 5.3,
Cochrane Collaboration tool, was used to pool
the data across individual studies using a
random-effect inverse variance model. The
result of the meta-analysis for each risk factor
was reported in mean difference and 95% CI.
To analyze between-study heterogeneity we
used different forest plots and calculated the
I? statistic. The forest plots were inspected
visually and I° values greater than 75% were
classified as considerable heterogeneity. In
case considerable heterogeneity was discov-
ered between studies, we would use subgroup
analysis and sensitivity analysis, if possible, to
explain the source of the heterogeneity. Pre-
specified subgroup analyses were defined
based on the duration of standing in the
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Intervention Control Mean difference Mean difference
Study or subgroup  Mean [mg/dl] SD[mg/dl] Total Mean[mg/dl] SDI[mg/dl] Total Weight IV, random, 95% Cl [mg/dl] IV, random, 95% CI [mg/dl]
Thorp 2014 —-1.98 047 23 0.01 0.49 23 17.3% -199 [-2.27,-1.71]
MacEwen 2017 -3.96 396 15 —8.65 1.8 10 13.4% 4.69 [2.40, 6.98] —
Healy 2017 1.26 1922 136 7.39 22.13 95 6.3% —6.13 [-11.63,-0.63] —_—
Healy 2013 -7.75 6.13 18 -1.8 545 18 9.5% —595[-9.74,-2.16] —_—
Graves 2015 —-128 432 23 -6.49 326 21 135% —6.31 [-8.56,-4.06] —_
Butler 2018 -1.6 1.74 21 0.8 |.81 21 16.3% —2.40 [-347,-1.33] -
Alkhajah 2012 -0.18 252 18 4.32 342 13 13.6% —4.50 [-6.69,-2.31] —_
Aadahl 2014 —36 9.01 8l 36 12.6 68 10.0% 0.00 [-3.58,3.58] b
Total (95% CI) 335 269 100.0% -2.53 [-4.27, -0.79] <&
Heterogeneity: Tau’=4.52; Chi’=59.76, df=7 (P<.00001); ’=88% . . . .
Test for overall effect: Z=2.85 (P=.004) -20 -10 0 10 20

Favours [standing]

FIGURE 2. The overall weighted mean difference and 95% ClI of the effect of replacing sitting with standing on fasting blood glucose
level. SI conversion factor: To convert glucose values to mmol/L, multiply by 0.0555.

Favours [sitting]

intervention groups, duration of follow-up of
participants, and characteristics of partici-
pants, such as sex or age.

RESULTS

The original search by the librarian identified
3507 studies, of which 41 met the primary in-
clusion criteria for full-text assessment. After
reviewing the full text, the reviewers agreed
on 9 studies with 877 participants for data
extraction and pooled analysis. Figure 1 shows
the number of studies excluded at each stage
of the screening and details the reasons for
excluding these studies. All studies were
done after 2012, and most were conducted
in Australia. The mean £ SD age of partici-
pants was 45.3445.41 years, mean follow-up
was 3.81 months, and 64.4% (565 of 877)
of the participants were women. The mean

+ SD difference in standing time between
baseline and follow-up in the intervention
group was 1.33 hours per day more than the
control group. The Table
characteristics of studies included in the sys-

24,26,31-37

tematic review and meta-analysis.

Five of O studies had a low risk of bias and
4 had an intermediate risk of bias.
outcome-level risk of bias assessment within
individual studies revealed that obesity mea-
sures and cardiometabolic biomarkers in all
studies were made by staff blinded to group
allocation, and in 4 studies, the measurement
of blood pressure was blinded to group alloca-
tion. None of the studies reported incomplete
data. The overall outcome-level risk of bias

across the studies was low.

Figures 2-14 are forest plots that detail the
differences between baseline and follow-up for

shows the

Intervention

Study or subgroup Mean [pmol/L]

SD [pmol/L]

Total

Mean difference

Weight IV, random, 95% CI [pmol/L]

IV, random, 95% CI [pmol/L]

Mean difference

Aadahl 2014
Healy 2013
Healy 2017
Thorp 2014

Total (95% CI)

6.2 l6.1

65 1201
647 62.1809
0.52 24

8l
18
136
23

258

Heterogeneity: Tau’=3.72; Chi*=4.52, df=3 (P=21); ’=34%
Test for overall effect: Z=0.88 (P=.38)

FIGURE 3. The weighted mean difference and 95% Cl of the effect of replacing sitting with standing on fasting blood glucose levels in

Control
Mean [pmol/L] SD [pmol/L]  Total
-04 17.3 68
6.2 10.06 18
11.18 61.7052 95
049 2.28 23
204

22.2%
14.5%

3.5%
59.9%

5,80 [~11.20,-0.40]
030 [-694,7.54]
471 [-2093,1151]
003 [-132,-1.38]

100.0% =139 [-4.49.1.72]

different subgroups. SI conversion factor: To convert glucose values to mmol/L, multiply by 0.0555.

=

—F
1

Favours [standing]

-20-10 0 10 20

Favours [sitting]
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Study or subgroup  Mean [mg/dl]

Intervention Control
SD[mg/dl] Total Mean[mg/dl] SDI[mg/dl] Total Weight

Mean difference
IV, random, 95% CI [mg/dl]

Mean difference
IV, random, 95% CI [mg/dl]

Thorp 2014
Healy 2013
Alkhajah 2012
Subtotal (95% Cl)

MacEwen 2017
Healy 2017
Graves 2015
Butler 2018
Aadahl 2014
Subtotal (95% CI)

Total (95% CI)

1.2.1 Time of standing >2 h

1.2.2 Time of standing <2 h

198 047 23 -1.8 049 23 159%
—7.75 6.13 18 -8 545 18 10.3%
-0.18 252 18 432 342 I3 135%

59 54 39.8%

Heterogeneity: Tau’=10.17; Chi’=23.32, df=2 (P<.00001); I’=91%
Test for overall effect: Z=1.65 (P=.10)

-3.96 396 15 —-8.65 18 10 133%
1.26 1922 136 7.39 2213 95 74%
—-128 4.32 23 -6.49 326 21 13.4%
-6 |.74 21 08 1.81 21 15.3%
-3.6 9.0l 8l -3.6 12,6 68  107%
276 215 60.2%

Heterogeneity: Tau’=16.08; Chi*=50.66, df=4 (P<.00001); I"’=92%
Test for overall effect: Z=0.96 (P=.34)

335 269 100.0%

Heterogeneity: Tau’=6.85; Chi*=86.99, df=7 (P<.00001); I’=92%
Test for overall effect: 7=2.20 (P=.03)
Test for subgroup differences: Chi*=0.26, df=1 P=.61), 1*=0%

FIGURE 4. The overall weighted mean difference and 95% Cl of the effect of replacing sitting with standing on fasting blood insulin

-0.18 [-0.46,0.10]
595 [-9.74,-2.16] ——
450 [-6.69,-2.31] -
-3.26 [7.12. 0.60] S

4.69 [240, 6.98] -
613 [-11.63,-0.63] —
~631 [-8.56,-4.06] -
2,40 [-347,~133]
000 [-3.58,3.58] —_

-1.84[-5.62,1.93] 4

—2.30 [-4.35, -0.25] L 4

T T T T
-20 -10 0 10 20

Favours [standing] ~ Favours [sitting]

Heterogeneity: Tau’=3.37; Chi*=24.09, df=7 (P=.001); ’=71%
Test for overall effect: 7=0.89 (P=.38)

FIGURE 5. The weighted mean difference and 95% Cl of the effect of replacing sitting with standing on triglyceride levels in different
subgroups. Sl conversion factor: To convert triglyceride values to mmol/L, multiply by 0.01 I3.

level.
both intervention and control groups followed Standing decreased FBG and BFM values
by the mean difference (intervention — control)  in the intervention groups compared with
and 95% CI of each risk factor in each study.  the control groups (—2.53; 95% CI, —4.27
The risk factors include FBG, FI, TG, total to —0.79 mg/dL [to convert to mmol/L,
cholesterol (TC), high-density lipoprotein  multiply by 0.0555]; and —0.75, 95%
cholesterol (HDL-C), low-density lipoprotein ~ CI, —0.91 to —0.59 kg, respectively). Mea-
cholesterol (LDL-C), weight, WC, BEM, systolic ~ surements of other risk factors did not change
blood pressure, and diastolic blood pressure. significantly (Figures 2-14).
Intervention Control Mean difference Mean difference

Study or subgroup  Mean [mg/dl] SD[mg/dl] Total Mean[mg/dl] SDI[mg/dll Total Weight IV, random, 95% Cl [mg/dl] IV, random, 95% CI [mg/dl]

Aadahl 2014 -1.08 721 8l -0.36 10.8 68 12.6% -0.72 [-373,2.29] —

Alkhajah 2012 -0.18 54 18 -0.36 234 13 13.4% —0.18 [-2.62,2.98] —_—

Butler 2018 =11 8.19 21 0.6 9.12 21 6.9% —11.60 [-16.84,-6.36] —_—

Graves 2015 ) 378 23 072 378 21 155% 144 [-368,080] —

Healy 2013 306 576 18 0 92 18 73% 306 [-1.95,807]

Healy 2017 -036 9.55 136 0.18 9.72 95 14.4% -0.54 [-3.07, 1.99] —

MacEwen 2017 1.26 5.58 15 0 522 10 8.9% 1.26 [-3.03,5.55] —

Thorp 2014 432 0.85 23 396 0.85 23 21.0% 0.36 [-0.13,0.85]

Total (95% CI) 335 269 100.0% ~0.75 [-2.42. 0.91]

T T T T T
-20 -10 0 10 20

Favours [standing] ~ Favours [sitting]
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Heterogeneity: Tau"=35.68; Chi*=43.41, df=4 (P<.00001); I’=91%
Test for overall effect: Z=0.60 (P=.55)

Interventional Control Mean difference Mean difference
Study or subgroup Mean [mg/dl] SD [mg/dl] Total Mean[mg/dl] SD[mg/dl] Total Weight IV.random, 95% Cl [mg/dl] IV, random, 95% CI [mg/dl]
Aadahl 2014 —4.68 1261 8l —-1.44 |1.89 68 20.0% —3.24[-7.18,0.70] —
Alkhajah 2012 522 595 18 0.72 4.86 13 20.1% 4.50 [0.69,831] —=—
Graves 2015 -9 54 23 -2.88 45 21 21.0% —9.02 [-11.95,-6.09] ——
Healy 2013 -0.18 558 18 -342 4.68 18 20.6% 3.24 [-0.12, 6.60] —
MacEwen 2017 —4.32 576 I5 -0.36 74 10 183% -396 [-9.39, 1 47] —
Total (95% CI) 155 130 100.0% -1.69 [-7.22,3.83]

FIGURE 6. The overall weighted mean difference and 95% Cl of the effect of replacing sitting with standing on low-density lipoprotein
cholesterol level. SI conversion factor: To convert low-density lipoprotein cholesterol values to mmol/L, multiply by 0.0259.

T T T T T
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Examination of heterogeneity among
studies for different risk factors showed that
between-study heterogeneity for FI was not
important (P=34%), whereas for systolic
blood pressure, WC, LDL-C, and TG values,
it was moderate to substantial (P=64%,
58%, 59%, and 71%, respectively) and for
FBG, TC, HDL-C, and diastolic blood pressure
values was considerable (I°=88%, 91%, 84%,
and 92%, respectively).

The strength of our recommendations us-
ing the Grading of Recommendations, Assess-
ment, Development and Evaluations system
was moderate.”™” The risk of bias was low
in most studies, mainly in those that were
included for FBG and BFM; the results of the
studies were direct (low level of indirectness);
the results of the studies were consistent
because heterogeneity was less than 75%
among most studies (low to moderate level
of inconsistency); the results were imprecise

about nonsignificant outcomes (broad Cls);
and finally, the publication bias was low
(mainly for FBG and BFM; we used different
studies for different outcomes; therefore, hav-
ing a funnel plot for all included studies was
not possible).

DISCUSSION

The present study aimed to investigate the ef-
fect of replacing sitting time with standing on
CVD risk factors through a systematic review
and meta-analysis. The results of the study
demonstrated that replacing an average of
1.33 hours of sitting per day with standing
for an average of 4 months can modestly
decrease FBG and BFM values. There were
no significant changes in FI, body weight,
WC, blood lipid levels (including TG, TC,
HDL-C, and LDL-C), or blood pressure after
replacing sitting with standing.

Heterogeneity: Tau’=3.74; Chi’=31.43, df=5 (P<00001); ’=84%
Test for overall effect: Z=0.68 (P=.49)

Intervention Control Mean difference Mean difference
Study or subgroup Mean [mg/dl] SD [mg/dl] Total Mean[mg/dl] SD[mg/dl] Total Weight IV.random, 95% Cl [mg/dl] IV, random, 95% CI [mg/dl]
Aadahl 2014 -0.54 3.6 8l -0.36 36 68  18.7% —0.18 [-1.34,0.98] I
Alkhajah 2012 252 27 18 -1.8 223 13 169% 4.32[2.58,6.06] ——
Butler 2018 02 4.52 21 -6 437 21 13.6% 1.80 [-0.89,4.49] —
Healy 2013 0.72 234 18 |.44 2.52 18 17.4% 0.72 [-0.87,2.31] —
Healy 2017 0.18 53071 136 0.18 53016 95 180% 0.00 [-1.39, 1.39] ——
MacEwen 2017 -09 252 15 216 2.88 10 153% —-3.06 [-5.25,-0.87] —_—
Total (95% CI) 289 225 100.0% 0.60[-1.12,2.31]

T T T T
-0 -5 0 5 10

FIGURE 7. The overall weighted mean difference and 95% Cl of the effect of replacing sitting with standing on triglyceride level. SI
conversion factor: To convert triglyceride values to mmol/L, multiply by 0.01 I3.
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Intervention Control Mean difference Mean difference
Stuty or subgroup Mean [mg/dl] SD [mg/dl] Total Mean[mg/dl] SD[mg/dl] Total Weight IV, random, 95% CI [mg/dl] IV, random, 95% CI [mg/dl]
Aadahl 2014 -3.78 10.8 8l —-1.08 9 68 269% —2.70 [-5.88,0.48] —
-0.54 54 18 216 396 18 27.4% 1.62 [-1.47,471] —
-1.8 11.67 136 —-1.62 14.13 95  252% -0.18 [-3.63,3.27] ——
-396 4.86 15 1.08 576 10 20.5% —-5.04 [-9.38,-0.70] —_—
Total (95% CI) 250 191 100.0% -1.36 [-4.08, 1.37]

Heterogeneity: Tau’=4.56; Chi’=7.39, df=3 (P=.06); I’=59%
Test for overall effect: Z=0.98 (P=.33)

FIGURE 8. The overall weighted mean difference and 95% Cl of the effect of replacing sitting with standing on total cholesterol level.
S| conversion factor: To convert total cholesterol values to mmol/L, multiply by 0.0259.
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Body Fat Mass

Our results showed a small but significant ef-
fect of replacing sitting with standing on BFM.
It has been shown that increasing daily energy
expenditure, even with substituting sitting
with slow-pace walking, which is not classified
as an exercise, has a promising effect on body
composition, in particular, body fat con-
tent. """ We have recently demonstrated
that standing expends significantly more en-
ergy (0.15 kcal/min) than sitting and standing
for 6 hours per day for a year could have a sig-
nificant effect on energy expenditure,”
emphasizing that standing can theoretically
decrease BFM over time. The relatively short
mean duration of standing and the low-
intensity nature of the intervention could
potentially explain the small amount of change
in BFM that was observed in this study.

Waist Circumference

The nonsignificant results for WC (P=0.64)
and weight (P=0.21) could be explained by
reviewing the limitations in methods and in-
struments of the original studies and the
importance of the variables. Weight is an inac-
curate measure for evaluating body composi-
tion at the individual level.”>*’ Additionally,
manual measurement of WC is prone to
numerous errors and has shown significant in-
ter- and intraobserver variability, limiting the
ability to detect small differences in WC over
time.”*" This can explain the significant
reduction in WC that was observed in the
study by Aadahl et al,”' which contrasted
with the other studies that did not report sig-
nificant changes in WC. It is also possible that
small changes in the amount of visceral fat

may not be reflected in changes in WC.
Despite these differences, there is also the pos-
sibility that standing vs sitting may not lead to
significant weight loss or improvements in the
distribution of fat, particularly with modest
durations of standing or because of substitu-
tion of fat with muscle. In contrast, observa-
tional studies have shown a significant
reduction in weight and BMI in people who
use sit-stand desks in comparison to the peo-
ple who work seated. "’

Fasting Blood Glucose

A modest effect on FBG level was observed
when replacing sitting with standing. Muscle
has a significant role in the regulation of blood
glucose. Muscle contraction increases the
number of glucose receptors and glucose up-
take. ™ Standing involves more muscles than
sitting,™ and this can be a physiologic expla-
nation of our results. However, considering
the small difference in the number and inten-
sity of muscle contractions between sitting and
standing, the difference in glucose uptake be-
tween these 2 postures is expected to be small.
Overall, the result of this study suggests some
benefits for the prevention of diabetes and at
least theoretically for the management of pa-
tients with diabetes.

Our study also showed no effect of stand-
ing on blood lipid level, similar to what prior
studies have shown on the effect of replacing
sitting with either aerobic exercise or light-
intensity activities on blood lipid levels.”""!

Blood Pressure
The present study did not show a significant
change in blood pressure after replacing sitting
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Intervention

Control

Mean difference

Mean difference

Test for overall effect: Z=0.99 (P=.32)
Test for subgroup differences: Chi*=0.92, df=1 (P=.34), ’=0%

Favours [standing] Favours [sitting]

Study or subgroup Mean [mg/dl] SD [mg/dl] Total Mean[mg/dl] SD[mg/dl] Total Weight IV. random, 95% Cl [mg/dl] IV, random, 95% CI [mg/dl]

15.1 Time of standing =2 h |

Alkhajah 2012 -0.18 54 18 -036 234 13 132% 0.18 [-2.62,2.98] —_

Healy 2013 3.06 576 18 0 9.2 18 6.9% 3.06 [-1.95,8.07] —I——

Thorp 2014 0.24 0.047 23 022 0.047 23 228% 0.02 [-0.01,0.05]

Subtotal (95% CI) 59 54  42.8% 0.02 [-0.01, 0.05]

Heterogeneity: Tau’=0.00; Chi’= 1 42, df=2 (P=49); ’=0%

Test for overall effect: Z=1.45 (P=.15)

1.5.2 Time of standing <2 h

Aadahl 2014 1.08 721 8l 0.36 10.8 68  124% 0.72 [-3.73,229] ——

Butler 2018 -1 8.19 21 0.6 9.12 21 6.4% —11.60 [-16.84,-6.36] _—

Graves 2015 -0.72 378 23 0.72 378 21 15.6% —1.44 [-3.68,0.80] —t

Healy 2017 -036 955 136 0.18 972 95  143% -0.54 [-3.07, 1.99] —i—

MacEwen 2017 1.26 5.58 15 0 572 10 8.4% 1.26 [-3.03,5.55] —

Subtotal (95% CI) 276 215 57.2% -2.10[-5.01, 0.82] S 4

Heterogeneity: Tau’=7.99; Chi*=16.65, df=4 (P=.002); I’=76%

Test for overall effect: Z=1.41 (P=.16)

Total (95% CI) 335 269 100.0% —-0.79 [-2.36. 0.78]

Heterogeneity: Tau’=2.82; Chi’=22.67, df=7 (P=.002); I’=69% T T T T T

Test for overall effect: Z=0.99 (P=.32) -20 -10 0 10 20

Test for subgroup differences: Chi*=2.03, df=1 (P=.15), *=50.6% Favours [standing] Favours [sitting]
Intervention Control Mean difference Mean difference

Study or subgroup Mean [mg/dl] SD[mg/dl] Total Mean[mg/dl]l SD [mg/dl] Total Weight IV, random, 95% Cl [mg/dl] IV, random, 95% CI [mg/dl]

1.5.3 Time of follow-up >3 months

Aadahl 2014 —-1.08 721 8l -036 10.8 68 124% -0.72 [-373,229] ——

Alkhajah 2012 -0.18 54 18 -0.36 2.34 13 132% 0.18 [-2.62,298] L

Healy 2017 -0.36 9.55 136 0.18 9.72 95  14.3% -0.54 [-3.07, 1.99] —

MacEwen 2017 1.26 558 15 0 522 10 8.4% 1.26 [-3.03,5.55] ——

Subtotal (95% CI) 250 186  48.4% —0.16 [-1.66. 1.33] <

Heterogene\ty:TauZZO.OO; Chi’=0.70, df=3 (P=187); 1*=0%

Test for overall effect: Z=0.21 (P=.83)

1.5.4 Time of follow-up <3 months

butler 2018 =11 8.19 21 0.6 9.12 21 6.4% —11.60 [-16.84,-6.36] —_—

Graves 2015 -072 378 23 0.72 378 21 15.6% —1.44 [-3.68,0.80] —t

Healy 2013 3.06 576 18 0 9.2 18 6.9% 3.06 [-1.95,8.07] o B

Thorp 2014 024 0.047 23 022 0.047 23 228% 0.02 [-0.01,0.05]

Subtotal (95% CI) 85 83  51.6% -1.97 [-5.34, 1.41] S 2

Heterogeneity: Tau’=8.92; Chi’=21.92, df=3 (P<.0001); I’=86%

Test for overall effect: Z=1.14 (P=.25)

Total (95% CI) 335 269 100.0% —0.79 [-2.36. 0.78]

Heterogeneity: Tau’=2.82; Chi’=22.67, df = 7 (P=.002); I’=69% T T T T T

20 10 0 10 20

FIGURE 9. The overall weighted mean difference and 95% Cl of the effect of replacing sitting with standing on high-density lipoprotein
cholesterol level. SI conversion factor: To convert high-density lipoprotein cholesterol values to mmol/L, multiply by 0.0259.

with standing, unlike observational studies
that showed the opposite results for the effect
of replacing sitting time with standing in
sedentary individuals.” The lack of blood
pressure reduction could be because partici-
pants of those studies were not hypertensive
and changes in blood pressure in normoten-
sive people who are physically active may be
minimal or negligible.”””° Furthermore, stan-
dard 1-time blood pressure measurements
may not be able to detect small changes in
blood pressure.

The potential benefits of standing to
replace sitting may not be limited to short-
term modifications in CVD risk factors. Stand-
ing as a major component of nonexercise
activity thermogenesis can help decrease
sedentary time.”"*” In addition, the substitu-
tion of sitting with standing can increase daily
energy expenditure,”"" which can prevent
weight gain in the long term. Although consid-
ering that this intervention has minimal effect
on CVD risk factors, the definition of a nonsit-
ting position while also performing no active
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Intervention Control Mean difference Mean difference
Study or subgroup  Mean [mmhg] SD [mmhg] Total Mean [mmhg] SD [mmhg] Total Weight IV, random, 95% Cl [nmhg] IV, random, 95% Cl [mmhg]
Butler 2018 -2.5 323 21 0.5 347 21 247% —3.00 [-5.03,-097] -
Graves 2015 -2 388 23 -06 329 21 241% 140 [-3.52,0.72]
Healy 2013 1.9 477 18 -1.2 4.44 18 19.1% 3.10[0.09,6.11] -
Healy 2017 -1.03 1421 136 022 13.6 95 16.1% —1.25 [-4.88,2.38] —=
MacEwen 2017 - 53 15 | 4.02 10 160% —2.00 [-5.66, |.66] —t
Total (95% CI) 213 165 100.0% -1.01 [-3.06, 1.05] 4

Heterogeneity: Tau’=3.37; Chi’=1 1.06, df=4 (P=.03); I’=64%
Test for overall effect: Z=0.96 (P=.34)

FIGURE 10. The overall weighted mean difference and 95% Cl of the effect of replacing sitting with standing on systolic blood

pressure.

T T T T
-20 -10 0 10 20
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movements should be revised. Also, the effect
of replacing sitting with standing on CVD risk
factors can be different in samples with
different body composition, BMI, baseline
level of physical activity, age, or sex.

This is the first systematic review and
meta-analysis on the effect on CVD risk factors
of replacing sitting time with standing as an
exclusive intervention. Prior systematic re-
views have assessed the effects of a range of ac-
tivities from standing to moderate to vigorous
physical activities on CVD risk factors.

In a systematic review by Batacan et a
the effects of light-intensity activities were
shown to have a trivial effect on CVD risk fac-
tors in healthy individuals, consistent with our
findings. As discussed, that systematic review
did not separate different kinds of light-
intensity activities from each other to assess
for any differential effects on CVD risk factors.

Another systematic review and meta-
analysis by Chastin et al” assessed the effect

1’“)2

on CVD risk factors of breaking sitting time
with a combination of activities with different
intensities. They conducted a meta-analysis
(pooling the data from 2 randomized
controlled trials) focused on the effect of
different kinds of activities on blood glucose
levels and showed that breaking sitting time
with standing does not have an effect on
lowering blood glucose levels. However, our
present study reports the results of a meta-
analysis of several CVD risk factors, including
blood glucose, blood lipid, and blood pressure
values, using 8 randomized controlled trials.
Our findings provide objective evidence of
the effect of using standing as an intervention
for a sedentary lifestyle on CVD risk factors.
Our study has several limitations. The
number of studies that met inclusion criteria
was small; however, all were clinical trials
and most studies had a low risk of bias, thus
increasing the quality of the meta-analysis. Be-
tween-study heterogeneity for more than half

Study or subgroup

Intervention Control

Mean [mmhg] SD [mmhg] Total Mean [mmhg] SD [mmhg] Total Weight

IV, random, 95% Cl [mmhg]

Mean difference
IV, random, 95% CI [mmhg]

Mean difference

Butler 2018
Graves 2015
Healy 2013
Healy 2017
MacEwen 2017

Total (95% CI)

pressure.

=11 2.19 21 02 222 21 21.0%
4.6 238 23 -1.3 313 21 206%
3 292 18 =27 3 18 20.1%
0.12 1043 136 0.69 I.14 95 184%
0 329 15 —I 202 10 19.9%
213 165 100.0%

Heterogeneity: Tau’=1096; Chi’=53.18, df=4 (P<.00001); I"’=92%
Test for overall effect: Z=0.19 (P=.85)

FIGURE 11. The overall weighted mean difference and 95% Cl of the effect of replacing sitting with standing on diastolic blood

~1.30 [-2.63,003]
~330 [-4.95,~1.65]
570[3.77,7.63]
~057 [-341,227]
1.00 [-1.08, 3.08]

0.29 [-2.75, 3.33]

-20 -0 0 10 20
Favours [standing] Favours [sitting]
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Heterogeneity: Chi’=247.97, df=5 (P<.00001 ); ’=98%
Test for overall effect: Z=9.26 (P<.00001)

standing on body fat mass. STD = standardized.

Intervention Control Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, fixed, 95% CI IV, fixed, 95% CI
Aadahl 2014 07 7.1 8l olée 79 68 24.3% —0.11 [-0.44,0.21] 4
Alkhajah 2012 -0.1 1.53 18 -03 175 13 5.0% 0.12 [-0.59, 0.83] —
Danquah 2016 -02 009 173 0.1 O.ll 144 242% -3.01 [-3.33,-2.68] -
Healy 2013 -02 411 18 -09 322 18 5.9% 0.19 [-0.47, 0.84] —
Healy 2017 -002 354 136 021 717 95  36.8% -0.04 [-0.31,022]
MacEwen 2017 -13 35 15 -1.6 295 10 3.9% 0.09 [-0.71,0.89] —I—
Total (95% CI) 441 348 100.0% -0.75 [-0.91, -0.59] )

FIGURE 12. The overall weighted mean difference and 95% Cl of the effect of replacing sitting with

T T T T T
4 2 0 2 4

Favours [standing] Favours [sitting]

the factors was considerable and subgroup and
sensitivity analyses were not possible to be
conducted. The results for FBG and BFM
were significant but effect sizes were modest.
However, the observed effects are not trivial,
and standing can be suggested as an adjunct
preventive modification for sedentary life-
styles. Our meta-analysis was not significant
for several CVD risk factors, which challenges
both the effect of replacing sitting with stand-
ing on CVD risk and also the definition of
sedentary behavior, which is currently “sitting
or lying down for a long period.” Generalizing
the results of the study to people from
different cultures and with different extents
of dysregulation in CVD risk factors should
be done with more caution because all partic-
ipants of the included studies were healthy
and from Denmark and Australia. Because
the intensity of the intervention was low, the
duration of the intervention and time of
follow-up may not have been enough to

make a significant change in risk factors. The
average standing time in the intervention
group was 1.25 hours per day and the average
of follow-up was 4 months, representing a low
dose and duration for the intervention under
study and limiting the potential effect size, if
any. However, the study by Alkhajah et al’”
did not show substantial decreases in risk fac-
tors, and some measures, such as TG or TC,
showed increases in the intervention group.
Regarding the time of follow-up, Healy
et al’® with 12 months of follow-up did not
report significant changes for almost all fac-
tors. A robust randomized ontrolled trial
with both longer time of standing and dura-
tion of follow-up might be able to resolve
some of these questions. Given the modest,
negligible, or absent effect of standing vs
sitting on CVD risk factors, the assumption
that simply replacing sitting with standing
time without meaningful differences in phys-
ical activity will decrease CVD may be

Favours [standing]

Favours [sitting]

FIGURE 13. The overall weighted mean difference and 95% Cl of the effect of replacing sitting with standing on weight.

Intervention Control Mean difference Mean difference
Study or subgroup Mean [kg] SD[kgl Total Mean [kg] SD[kg]l Total Weight IV, random, 957% CI [kg] IV, random, 95% CI [kg]
Aadahl 2014 -0.84 3.1 8l 0.007 22 68  51.1% -0.85[-1.70,001] 4
Alkhajah 2012 -04 33 18 04 34 13 6.5% -0.80 [-3.20, 1.60] —_—
Healy 2013 0 524 18 -0.7 595 18 28% 0.70 [-2.96, 4.36] —_—
Healy 2017 0.62 39 136 043 36 95  39.1% 0.19 [-0.79, 1.17] -
MacEwen 2017 0.1 9.13 15 0.5 10.94 10 0.6% 040 [-8.61,781]
Total (95% CI) 268 204 100.0% -0.39 [-1.00, 0.22] ‘l
Heterogeneity: Tau’=0.00; Chi*=2.91, df=4 (P=57); "'=0% T T T T T
Test for overall effect: Z=1.26 (P=21) -10 -5 0 5 10
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Heterogeneity: Tau’=060; Chi’=1 1.87, df=5 (P=.04); I’=58%
Test for overall effect: Z=0.46 (P=.64)

Intervention Control Mean difference Mean difference
Study or subgroup Mean[cm] SD[cm] Total Mean[cm] SD[cm] Total Weight IV. random, 95% CI [cm] IV. random, 95% CI [cm]
Aadahl 2014 —1.18 4 8l 024 2.7 68 24.8% —1.42 [-2.50, -0.34] —a
Alkhajah 2012 1.2 2.6 18 -05 292 13 13.7% 1.70 [-0.29, 3.69] T
Danquah 2016 -0.7 012 173 -0.8 0.125 144 374% 0.10[0.07,0.13]
Healy 2013 02 395 18 0.6 4.93 18 8.0% 040 [-2.52,332] —_—
Healy 2017 0.15 8.5 136 1.48 77 95 12.8% —1.33[-3.44,0.78] —_—
MacEwen 2017 -2 5.4 15 -2 6.4 10 3.4% 0.00 [-4.82, 4.82] e
Total (95% CI) 441 348 100.0% -0.22 [-1.15, 0.71] 4

FIGURE 14. The overall weighted mean difference and 95% Cl of the effect of replacing sitting with standing on waist circumference.

Favours [standing] Favours [sitting]
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inaccurate. In the meantime, until further pro-
spective and experimental evidence proves
beneficial effects of standing vs sitting on mea-
sures of cardiometabolic regulation or out-
comes, the strategies to decrease sedentary
time need to include physical activity.

CONCLUSION

Our study shows that replacing sitting time
with standing in healthy adults could decrease
FBG and BFM. However, there is no signifi-
cant change on the remaining cardiovascular
risk factors such as lipid, blood pressure,
weight, and WC values. This can suggest
that replacing sitting with standing can be
used as an adjunctive intervention to decrease
the burden of cardiovascular risk factors but
cannot be used as an alternative to physical ac-
tivity to decrease sedentary time. Future
studies are needed to evaluate both the finan-
cial and clinical impact of this intervention on
different groups of participants.

SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online at
https:/mepiqojournal.org. Supplemental ma-
terial attached to journal articles has not
been edited, and the authors take responsibil-
ity for the accuracy of all data.

BFM = body fat mass; BMI
= body mass index; CVD = cardiovascular disease; FBG =
fasting blood glucose; Fl = fasting insulin; HDL-C = high-
density lipoprotein cholesterol; LDL-C = low-density lipo-
protein; TC = total cholesterol; TG = triglycerides; WC =
waist circumference
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