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location in the text and simply start typing. The
text will appear in a commenting box. You may
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commenting box. Close the box by clicking on ‘x’
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in the top right-hand corner. Replace text

Replace text

. Text Edits ~
Click the ‘Text Edits’ button L& on

the Commenting tool bar. To highlight the text to
be replaced, click and drag the cursor over the
text. Then simply type in the replacement text.
The replacement text will appear in a
commenting box. You may also cut-and-paste
text from another file into this box. To replace
formatted text (an equation for example) please
Attach a file (see below).

Click the ‘Replace (Ins)’ icon Fa on the
Comment tool bar. To highlight the text to be
replaced, click and drag the cursor over the text.
Then simply type in the replacement text. The
replacement text will appear in a commenting
box. You may also cut-and-paste text from
another file into this box. To replace formatted
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file (see below).
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. Text Edits ~
Click the ‘Text Edits’ button L—* on

the Commenting tool bar. Click and drag over the
text to be deleted. Then press the delete button
on your keyboard. The text to be deleted will
then be struck through.

==

Click the ‘Strikethrough (Del)’ icon on the
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be deleted. Then press the delete button on your
keyboard. The text to be deleted will then be
struck through.
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Click on the ‘Attach a File’ button on the
Commenting tool bar. Click on the figure, table or
formatted text to be replaced. A window will
automatically open allowing you to attach the
file. To make a comment, go to ‘General’ in the
‘Properties’” window, and then ‘Description’. A
graphic will appear in the PDF file indicating the
insertion of a file.

Click on the ‘Attach File’ icon “'gé on the
Comment tool bar. Click on the figure, table or
formatted text to be replaced. A window will
automatically open allowing you to attach the
file. A graphic will appear indicating the insertion
of a file.

Leave a note/
comment

_ Note Tool

Click on the ‘Note Tool’ button
on the Commenting tool bar. Click to set the
location of the note on the document and simply
start typing. Do not use this feature to make text
edits.

Click on the ‘Add Sticky Note’ icon on the
Comment tool bar. Click to set the location of the
note on the document and simply start typing.
Do not use this feature to make text edits.
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double click on any mark-up to open the
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clicking on a correction in the list. Alternatively,
double click on any mark-up to open the
commenting box.

Undo/delete
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button on your mouse (for PCs, Ctrl-Click for the
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Replacing Sedentary Time: Meta-analysis of
Objective-Assessment Studies

Borja del Pozo-Cruz, PhD®°

Context: The aim was to summarize estimates of the potential benefits for cardiometabolic risk markers
and all-cause mortality of replacing time spent in sedentary behaviors with light-intensity physical activity
or with moderate to vigorous physical activity, from studies using device-based measurement.

Evidence acquisition: Four databases covering the period up to December 2016 were searched
and analyzed (February 2017). Data were extracted by two independent reviewers. For the meta-
analyses, the estimated regression coefficients (8) and 95% Cls were analyzed for BMI, waist cir-
cumference, and high-density lipoprotein cholesterol. Pooled relative rate and 95% Cls were calcu-
lated for fasting glucose, fasting insulin, and homeostatic model assessment-insulin resistance
values. Hazard ratios were extracted from studies of all-cause mortality risk.

Evidence synthesis: Ten studies (with 17,390 participants) met the inclusion criteria. Reallocation
of 30 minutes of sedentary time to light-intensity physical activity was associated with reductions in
waist circumference, fasting insulin, and all-cause mortality risk; and with an increase in high-density
lipoprotein cholesterol. Reallocating 30 minutes of sedentary time to moderate to vigorous physical
activity was associated with reductions in BMI, waist circumference, fasting glucose, fasting insulin,
and all-cause mortality (not pooled) and with an increase in high-density lipoprotein cholesterol.

Conclusions: Replacing sedentary time with either light-intensity physical activity or moderate to vig-
orous physical activity may be beneficial, but when sedentary time is replaced with moderate to vigorous
physical activity, the predicted impacts are stronger and apparent for a broader range of risk markers.
These findings point to potential benefits of replacing sedentary time with light-intensity physical activity,
which may benefit those less able to tolerate or accommodate higher-intensity activities, including many
older adults.

Am ] Prev Med 20181():AM—1IN. © 2018 American Journal of Preventive Medicine. Published by Elsevier Inc. All

rights reserved.

CONTEXT

he adverse health consequences of sedentary
behavior (time spent sitting) have more recently
been identified in relation to cardiovascular dis-
ease risk'” and all-cause mortality,” controlling for the
influence of moderate to vigorous physical activity”
(MVPA); these adverse health consequences of sedentary
behavior have been shown for a range of health
outcomes.” Some countries have now expanded the scope
of their PA guidelines, with joint recommendations on
increasing PA and reducing sedentary time.”’
Time spent standing or being physically active is time
that is not spent sedentary. Thus, the effect of spending

© 2018 American Journal of Preventive Medicine. Published by Elsevier Inc. All rights

reserved.
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with objective methods of PA assessment were included); (3)
reported, using isotemporal models, on the effects of replacing
sedentary behavior with LIPA or MVPA on at least one cardiome-
tabolic or mortality as an outcome of interest; (4) were written in
English; and (5) reported primary research findings.

Two independent reviewers carried out the screening and
review, with a third reviewer sought in case of disagreement.
Articles were first screened and selected for eligibility based on
title and abstract. The full text was then reviewed after confirming
eligibility to be included and data were extracted.

Data Collection

Information extracted was as follows: characteristics of the sample,
method of objective measurement of PA, the amount of sedentary
time being replaced, outcomes of interest, analytical approach, and
main results from each of the studies. Also, data that would assist
in findings from the meta-analysis from the different studies (ie.,
regression coefficient and 95% CI representing the effect of replac-
ing SB with more active behavior on the outcome of interest) were
extracted. To maximize the generalizability of the findings, when
data were not available the original authors were contacted.

Risk of Bias

An assessment of each study’s quality was made using an adjusted
format of the Newcastle—Ottawa quality assessment scale.'® This
scale contains eight items categorized into three domains (selec-
tion, comparability, and exposure). A star system is used to enable
semiquantitative assessment of study quality, such that the high-
est-quality studies are awarded a maximum of one star per item
with the exception of the comparability domain, which allows
allocating two stars. Thus, the score ranges from zero to nine stars
(maximum score for cohort and cross-sectional studies was nine
and seven, respectively).

Data Synthesis and Analytical Approach

A one-step individual participant data meta-analysis was con-
ducted. All analyses were carried out using Comprehensive Meta-
analysis Software, Biostat, version 3. The estimated regression coef-
ficients (B) and 95% CIs were combined and used in the meta-anal-
ysis for BMI, body fat, waist circumference (WC), and high-density
lipoprotein cholesterol (HDL-c). Assuming linear regression prop-
erties,” results from original studies reporting estimated f and
95% CIs for 10-minute units (n=2) were scaled up to 30 minutes
(B and 95% ClIs X 3) for comparison purposes. Also, the relative
rate (RR) and 95% Cls were calculated for fasting glucose, fasting
insulin, and homeostatic model assessment—insulin resistance
(HOMA-IR) values. Finally, hazard ratios (HRs) with associated
95% ClIs were extracted from studies for risk of all-cause mortality.
The random effects model (DerSimonian—Laird approach) was
used in all cases to summarize the pooled  and RR. All-cause mor-
tality studies HRs were not pooled because all three studies utilized
overlapping data from the National Health and Nutrition Examina-
tion Survey. In that case, the range of values was reported. The like-
lihood approach with random effects was used to better account for
the imprecision in the estimate of between-study variance.”’ When
studies presented several statistical risk-adjustment models, only
values associated with the statistical models that contained the few-
est number of additional covariates were considered, in order to
improve comparability across studies.

12018

The percentage of total variations across the studies because of
heterogeneity (Cochran’s Q-statistic) was estimated using . Val-
ues I? of <25%, 25%—50%, and >50% were considered as small,
medium, and large amounts of heterogeneity respectively.”!

Small-study effects bias was assessed using the extended Egger’s
test,and funnel plots were used to graphically investigate publication
biasamongstudies.”**’

Finally, a sensitivity analysis was conducted to assess the
robustness of the summary estimates to determine whether or not
a particular study accounted for the heterogeneity. A series of
analyses were therefore conducted by sequentially omitting one
study at each turn.

EVIDENCE SYNTHESIS

Study Selection

The search strategy initially identified 1,118 articles
(Figure 1). After initial screening, 39 full articles were
retrieved. Of these, 29 were rejected (ten had not used
an isotemporal substitution model, four only addressed
sedentary behavior, eight examined correlates of behav-
ior, three had no accelerometer-based measures, one was
a duplicated publication in different data sets, and three
had no study outcomes). Finally, only ten studies were
included in the systematic review and meta-analysis.

Study Characteristics

The 10 studies included a total of 17,390 participants.
Sample sizes ranged from 279 to 5,377 individuals. Gen-
der was evenly distributed (men, 50.31%) and the mean
age was 55.8 years.

Seven of the studies were cross-sectional, observa-
tional investigations, and three were prospective survival
analyses. The characteristics of the studies are summa-
rized in Appendix Table 2 (available online). All used
accelerometers to assess SB and PA. Definitions of SB,
MVPA, and LIPA were based on previously validated
counts per minute (cpm) cut-off points registered with
an accelerometer. The SB cut offs that were employed
varied across the studies, with <100 cpm when only
data from the vertical axis of the accelerometer were
used or <200 cpm when data from the vector axis of the
accelerometer were used. Similarly, the LIPA cut-off cri-
terion used was either 100—1,951 cpm (vertical-axis
data) or 200—2,689 cpm. The MVPA cut offs that were
>1,951 cpm when only data from the vertical axis were
used and >2,690 cpm when data from the vector axis of
the accelerometer were used. In one study’ where data
from the vertical axis of the accelerometer were used, the
cut offs for LIPA and MVPA were >100 to 2,019 cpm
and >2,020 cpm respectively. Epoch duration was simi-
lar across the studies (i.e., 1-minute). There was one
study that utilized an epoch of 1 second'’ and employed
a proportional to <100 cpm SB/60-second epoch cut off.
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Figure 1. PRISMA flow diagram of the study.

Another study'” employed an epoch of 15 seconds and a
proportional to <100 cpm SB/15-second epoch cut off.
Age ranged from 20 to 89 years. Sample size and sam-
pling strategy varied from small convenience samples to
large representative samples. Isotemporal substitution
modeling was reported for BMI (n=6); WC (n=>5); HDL-
¢ (n=3); fasting glucose (n=4); insulin (n=3); HOMA-IR
(n=2); and all-cause mortality (n=3), with time blocks
exchanged being 30 minutes in duration.

Risk of Bias

All of the nine cross-sectional studies and all three of the
longitudinal studies were deemed to be of high quality,
with a Newcastle—Ottawa score >6 (Appendix Table 3,
available online).

Effects of Reallocating Sedentary Time to Light-
Intensity Physical Activity and to Moderate to
Vigorous Physical Activity

Table 1 and Appendix Figure 4 (available online) show
the estimated regression coefficients () and RRs, and

associated 95% CI of replacing 30 minutes of sedentary
time with LIPA and MVPA on the selected outcomes.

Reallocation of 30 minutes of sedentary time to LIPA
was predicted to be associated with reductions in WC
(0.57 cm/30 minutes, B= —0.57, 95% CI= —0.86, —0.27,
p<0.001) and fasting insulin (2.4%/30 minutes,
RR=0.97, 95% CI=0.96, 0.98, p<0.001); and with an
increase in HDL-c¢ (0.012 mmol/L/30 minutes, 3=0.012,
95% CI=0.002, 0.023, p=0.022). Estimates were not sig-
nificant for BMI, fasting insulin, and HOMA-IR.

Reallocating 30 minutes of sedentary time to
MVPA was predicted to be associated with reductions
in BMI (1/30 minutes, B= —1.07, 95% CI= —1.80,
—0.35, p=0.004); WC (2.9 cm/30 minutes, = —2.95,
95% CI= —3.88, —2.03, p=0.005); fasting glucose
(0.01%/30 minutes, RR=0.99, 95% CI=0.98, 0.99,
p=0.023); and fasting insulin (1.12%/30 minutes,
RR=0.88, 95% CI=0.85, 0.91, p<0.001); and with an
increase in HDL-c (0.03 mmol/L/30 minutes, 3=0.03,
95% CI=0.02, 0.05, p<0.001). Estimates were not sig-
nificant for HOMA-IR.
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Results from the all-cause mortality studies show that
replacing 30 minutes of sedentary time with LIPA (with
HRs ranging from 0.80 to 0.87) or MVPA (with HRs
ranging from 0.19 to 0.51) is estimated to be associated
with a lower risk of all-cause mortality.

Publication Bias and Sensitivity Analysis

Both funnel plot asymmetry and Egger test show no sig-
nificant publication bias (Table 1 and Appendix Figure
5, available online).

The sensitivity analysis conducted showed that one
particular study accounted for the majority of the het-
erogeneity'’ showing a nonsignificant effect of replacing
SB with MVPA on BMI after removing the aforemen-
tioned study from the pooled analysis.

DISCUSSION

The main findings of this meta-analysis show that reallo-
cating sedentary time to LIPA or MVPA may result in
reductions in WC and fasting insulin, and increased
HDL-c. Equal time-exchange of SB with MVPA may
lead to additional reductions of fasting glucose, all-cause
of mortality, and increased HDL-c levels. These findings
suggest potential benefits of replacing SB with LIPA.
This might provide alternative intervention strategies as
it may be more feasible and less challenging than more
strenuous activity (which is also more difficult than ligh-
ter activity to be fit into daily life routines, especially in
particular domains, such as work or education, where SB
is particularly prevalent), for enhancing cardiovascular
health among the general adult population.” Also, LIPA
could be a feasible strategy to increase the total volume
of PA among those considered already active and there-
fore could bring additional cardiovascular benefits.”*

There is evidence from experimental trials that break-
ing up sedentary time can beneficially impact cardiome-
tabolic risk markers.”””® Consistent with what was
found in this meta-analysis, such experimental studies
have demonstrated that regular brief activity breaks dur-
ing otherwise sedentary periods translate into cardiome-
tabolic risk improvement in adults’”*® and may have the
potential of preventing mortality from, at least, cardio-
vascular disease.”””” There is evidence that interruption
of sitting with short, frequent bouts of at least LIPA
improves postprandial glycemia.’"”> However, the cur-
rent evidence on effectiveness of interventions targeting
exclusively SB to influence biological dimensions of
health risk is limited.”

Evidence from experimental studies suggests that SB
detrimentally alters metabolic function and can be asso-
ciated with chronic inflammation.’* Observational stud-
ies and RCTs have shown that increased PA improves
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insulin sensitivity’” and lowers chronic inflammation.’®
Statistically significant associations with cardiometabolic
biomarkers identified in this meta-analysis (i.e., HDL-c,
fasting glucose, and fasting insulin) appeared to be dif-
ferent, depending on the intensity of the type of PA with
which sedentary time was replaced. The current findings
suggest that replacing SB with MVPA may have greater
beneficial effects as compared with doing so with lower-
intensity activities. Also, there is other evidence to sug-
gest benefit when time in sedentary bouts was reallo-
cated to long PA bouts: substituting 120 minutes of
sedentary time with equal LIPA may have about the
same theoretic beneficial effect on HOMA-IR as would
substituting 40 minutes of SB for an equal duration of
MVPA.”

Although mechanisms underpinning the findings of
this meta-analysis are not well known, some supporting
evidence could be found in animal models as described
by Hamilton and colleagues.”® Even modest local muscle
contractions seem to maintain lipoprotein lipase activity,
which could contribute to the detected associations. Of
particular interest is that total volume of PA activity
appears to have stronger associations with cardiometa-
bolic biomarkers than MVPA.””*’ In addition, energy
expenditure associated with spontaneous PA, the Non-
exercise Activity Thermogenesis has been associated
with human obesity markers.”' The findings presented
here need to be considered in light of the potential limi-
tations of isotemporal substitution method.** Therefore,
confirming these observations in experimental designs is
of interest for public health authorities, in particular,
identifying for how long these reallocations of time need
to be sustained to achieve beneficial outcomes. Findings
from a recent meta-analysis® suggest that it is possible to
reduce sedentary time by 30 minutes per day in the short
and medium term with potentially clinically relevant
benefits (as shown in this meta-analysis). However, the
same meta-analysis states that it is still unclear whether
such behavioral change is feasible and sustainable over
the long term, because of the lack of studies.

Consistently with previous findings,””** reallocating
30 minutes of sedentary time to LIPA or MVPA pre-
dicted estimated reductions in WC (approximately
0.57 cm and 2.95 cm for LIPA and MVPA respectively).
Similarly, replacing 30 minutes of sedentary time with
MVPA was associated with reductions in BMI. However,
the estimations for the reallocation of 30 minutes of sed-
entary time to LIPA on BMI were not significant. There
seems to be evidence that the relationship between PA
and WC is consistent across all intensities whereas the
relationship between PA and BMI is intensity-dependent
(i.e., only higher intensities seem to affect BMI)."’
Although the former could provide a plausible
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explanation for the findings regarding WC and BMI, one
cannot rule out the possibility that heterogeneity of
results with the BMI studies analyzed (IP=73.7%) and
differences in the sample population across studies could
have added some uncertainty to the obtained results.
There is a need for more studies experimentally investi-
gating this issue.

A recent meta-analysis reporting on the relationship
of sedentary time with mortality found that greater sed-
entary time was associated with higher mortality risk,
after controlling for the influence of MVPA," and regular
PA has consistently been associated with a reduced mor-
tality risk.”>*® There is evidence that a greater total activ-
ity volume, regardless of time spent in any particular
intensity, is a strong predictor of mortality over a long
follow-up period.”” In this context, the articles included
in this meta-analysis from the National Health and
Nutrition Examination Survey study”**® suggest that
replacing sedentary time with an equal amount of PA
(LIPA and MVPA) may play a potentially worthwhile
protective role.”” Despite MVPA bringing more benefits
than LIPA for the same amount of SB time being dis-
placed (approximately 40% and 20% reduction in risk of
all-cause of mortality respectively according to this
study’s estimates), LIPA may nevertheless be a more fea-
sible and relevant way for activity in contexts where
MVPA is impractical (e.g., in office workplace environ-
ments); in people unable to engage in MVPA (older
adults or those with physical frailties); or among those
who may benefit from being more physically active.

The findings of this meta-analysis highlight the
importance of considering the combined effects that
movement and non-movement behaviors may have on
the cardiovascular and mortality outcomes of adults (i.e.,
replacing sedentary time with MVPA predicts a stronger
association compared with LIPA). Recently, a 24-hour
analysis approach has been suggested to evaluate the co-
dependent nature of the daily proportion of movement
and non-movement behaviors on health and a novel
analytical approach has been proposed (i.e., composi-
tional analysis) to account for it."* Therefore, this new
approach can be used on both epidemiologic observa-
tional and experimental data to provide new insights in
the relationship between PA and health to develop a
new 24-hour PA guideline based on compositional
analysis.®

Limitations

This meta-analysis has limitations at the level of the
individual studies examined and at the level of the
review that was feasible with the data available. The
cross-sectional nature of the pooled observations does
not allow definitive conclusions to be drawn around the

causal relationship between the variables of interest. Sec-
ond, isotemporal substitution modeling has some limita-
tions. The principle underpinning isotemporal
substitution modeling, multiple regression analysis,
bring some issues such as not contemplating the co-
dependent nature of PA data, that may further limit it
utility in this field.** And despite all studies using accel-
erometers, an objective method of free-living activity
assessment, the cut point used for determining SB using
these devices (less than 100 cpm) includes elements of
misclassification.”” Therefore, moving toward assess-
ment of SB based on posture, for instance, using moni-
tors that detect posture directly, has been recommended.
Consistent with the findings of this meta-analysis, an
Australian study’’ concluded that replacing assessed
posture while sitting with more active behaviors (i.e.,
standing or stepping) was associated with improvements
of various cardiometabolic risk biomarkers. Also, the
studies assessing LIPA did not differentiate between the
low and high end of that particular activity intensity,
potentially missing some valuable information, particu-
larly for cardiovascular risk factors.”

At the level of the current review, statistical heteroge-
neity was high for some of the meta-analyzed outcomes
and should be interpreted with caution. One of the eligi-
ble studies was not included in the pooled analysis as
when contacted, the corresponding author was unavail-
able and therefore data could not be retrieved to be
pooled in this meta-analysis. Finally, to increase the
comparability among studies, only effect sizes associated
with less adjusted models were combined and analyzed,
which could additionally limit the validity of the
reported results. To further increase comparability
among studies, the estimated B and 95% ClIs of studies
using 10-minute blocks as unit of exchange was scaled
up to 30 minutes so all included studies would consis-
tently show the effects of replacing 30 minutes of seden-
tary time with LIPA and MVPA on the selected
outcome. Although these estimations conform to linear-
ity properties of the method used (i.e., linear regression
analysis), results should be interpreted with caution.

CONCLUSIONS

The findings of the current synthesis suggest that even
light-intensity activities, such as walking or standing,
may provide preventive benefits for cardiometabolic
health. It is to be expected that MVPA will have stronger
estimated effects because of the well-known dos-
e—response effect. Also, given the potential beneficial
additive effects, LIPA should be encouraged, even among
those considered currently active. Future such research
should move beyond observational evidence and identify
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more robust indications of cardiometabolic outcomes of
experimentally reallocating time spent in sedentary
behaviors with physical activities of different
intensities.”
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