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Objective: The concept of “breaks” in sedentary behavior has emerged as a potential modifier of detri-
mental effects on adiposity caused by sedentary behavior. The existing research investigating the rela-
tionship between breaks in sedentary behavior with adiposity and cardiometabolic health in adults was
systematically reviewed and quantitatively synthesized by this study.

Methods: Observational and experimental studies that examined the relationships between the frequency
of interruptions of sedentary behavior and markers of adiposity and cardiometabolic health in adults were
identified by a systematic search of the literature. A meta-analysis was conducted by using the inverse
variance method for experimental trials and a Bayesian posterior probability of existence of an associa-
tion between breaks with adiposity and cardiometabolic markers for observational studies.

Results: It was revealed by the pooled results from nine experimental studies that breaks in sedentary
periods of at least light intensity may have a positive effect on glycemia but not on lipidemia for adults. It
is unclear whether this effect is independent of total sitting time. However, the 10 identified observational
studies showed an association with breaks, which was independent of total sedentary time, but only for
obesity metrics.

Conclusions: The theory that interrupting bouts of sedentary behavior with light-intensity activity might
help control adiposity and postprandial glycemia was supported by the evidence. Further investigations
with better methods of measuring sedentary behavior patterns and improved study designs are neces-
sary to confirm this preliminary evidence.

Obesity (2015) 23, 1800-1810. doi:10.1002/0by.21180

Currently, several countries have issued specific recommendations to
reduce the amount of time spent sitting as part of their physical activ-
ity guidelines (10). The advice includes recommendations to “break”
sedentary time. This recommendation stems from the seminal study
by Healy et al. (11). In this small study, the number of accelerometry-
identified interruptions of SB was associated with the markers of obe-
sity and cardiometabolic health, suggesting that in addition to total SB
time the pattern of SB time accumulation may be important. The con-

Introduction

Humans spend increasing amounts of time sitting at work and during
transportation and leisure time (1). National surveys show that on
average adults spend 6-10 h sitting each day (2,3). The activities per-
formed while sitting are clustered under the umbrella term of seden-
tary behavior (SB) (4). In the last decade, evidence has emerged that
the large volumes of SB may have detrimental effects on health

(5-8). Much of the momentum for this body of research was initiated
by the study of Hamilton et al. (9) who proposed an animal model-
based physiological and mechanistic framework for SB by introduc-
ing the idea that the cardiometabolic risks of prolonged sitting may
not be mitigated by frequent muscle contractions throughout the day.

cept of breaks in sedentary time (BSB) is shown in Figure 1. Healy
and coworkers (12) argued that more breaks in SB mean fewer
extended periods of SB and recommended “breaking sedentary time.”
As a public health message, this is simple to understand and communi-
cate, and as a result it has gained considerable popularity.
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Currently, there is no such evidence synthesis concerning BSB. The
purpose of this study was to systematically review, and quantita-
tively synthesize, the research investigating the relationship between
BSB and obesity markers and cardiometabolic health.

Methods

The methodology was guided by MOOSE (13) and CONSORT (14)
recommendations. The review was registered with PROSPERO
(CRD42014009749).

Data sources

Electronic database searches of Ovid Medline, Science Direct, and
Web of Science were conducted in May 2014, and all articles cit-
ing the first published BSB article (11) were tracked through Web
of Science and Google Scholar. A Boolean search strategy was
developed using keywords relating to SB (sedentary, sitting, and
inactivity) and to the concept of BSB (breaks, interruptions, and
pattern). In addition, the reference list of all articles meeting the
inclusion criteria and authors’ personal databases were hand
searched. The search was limited to the articles published after
Healy et al. (11) and before 31/03/14 and to the studies on adult
subject (age, >21 years).

Study selection

To be included, the studies had to meet the following criteria: (1)
reported a measure of breaks in SB (observational studies) or used a
design that included interruptions of SB (experimental controlled
studies), (2) reported at least one marker of cardiometabolic health
as an outcome, (3) written in English, (4) included human subjects,
and (5) were primary research articles.

All screening and reviewing was carried out by two independent
reviewers, with the opinion of a third reviewer solicited in cases
of disagreement. Retrieved articles were screened first by title,
then abstracts. The full text of articles was obtained for the
remaining studies and once eligibility was confirmed, data were
extracted.

Review and data extraction

Proforma based on MOOSE (13) and CONSORT (14) were used to
guide the assessment of the studies’ methodological quality. No
quality score was derived as per MOOSE recommendations but the
quality assessment was used to identify the areas of methodological
strengths and weaknesses. Data were extracted from the articles
using different templates for observational and experimental
studies.

Data synthesis

The results were standardized across studies where possible and
tabulated to enable comparison between studies and an overview of
findings.

For observational studies, the strength of the associations and statis-
tical significance (p-value and confidence interval) were extracted.
For significant results (P < 0.05), the strength of the association was
also expressed as an unstandardized coefficient, reflecting the
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Figure 1 Schematic representation of the concept of breaks in SB.

change in cardiometabolic outcome corresponding to a change of
one BSB per day. In some cases, the cardiometabolic outcomes
were expressed as z-scores or dichotomous variables. In these cases,
the regression coefficients were excluded from summary table.

For observational studies, a Bayesian posterior probability of an
association between BSB and cardiometabolic markers was com-
puted to provide a quantitative summary of the state of knowl-
edge. This probability P(A/Xn) is the probability of an association,
given the evidence, X, from 7 studies based on a neutral prior
knowledge about the association (P(A)=0.5). It was calculated
using Bayes’ theorem with the evidence P(Xn) and likelihood
P(Xn/A) based on the binomial distributions, assuming no publica-
tion bias and that all studies were powered at 80%. The value
should be interpreted as a marker of how much uncertainty exists
around an association, and the change in knowledge that has
occurred as a result of the current evidence. For very heterogene-
ous results, knowledge will be more uncertain and P(A/Xn) will be
close to zero. A probability closer to 1.0 indicates that there is
less uncertainty about an association existing. This method was
adopted as it was more appropriate for the literature obtained than
a standard synthesis of regression (15). For experimental studies,
the effect of breaks was meta-analyzed using the inverse variance
method modified for crossover trials (16). The analysis is strati-
fied by physical activity intensity of the experimental BSB. As
studies expressed change in blood glucose, insulin, lipids, and C-
Peptides as either AUC or iAUC over different time scales, the
results were normalized to percentage change in the outcome tak-
ing into account the time scale.

Results

Article selection results
The search identified 845 articles. Thirteen met all the criteria and
were included in the review (Figure 2).
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Figure 2 Study selection flow diagram.

Narrative review of study characteristics

Seven articles reported observational studies focusing on the associa-
tion from an epidemiological perspective, and six articles reported
experimental studies focusing on the acute metabolic response to
interrupting prolonged sitting. Study characteristics and main find-
ings are summarized in Tables 1 and 2 for observational and experi-
mental studies, respectively. Observational studies were all cross-
sectional deriving BSB from accelerometry; either Actigraph (six
studies) or Actical (one study). The operational definition of BSB
was similar in all studies as a transition from a sedentary state to an
active state for a minimum of one accelerometry epoch. The actual
epoch duration and associated cut-point for SB varied but were all
proportional to 100 counts/min for at least 1 min, that is, when a
study used a 15-s epoch, the SB cutoff was set to 25 counts/epoch
(Table 2). One study included participants only with recently diag-
nosed type 2 diabetes (19) and two studies focussed on the partici-
pants with known risk of diabetes (21,22). Sampling strategy and
sample size varied from relatively small convenience samples
(11,20), through to large nationally representative samples (17,18).
Six studies investigated the association of BSB with markers of obe-
sity, five with markers of glycemia and lipidemia, and two with
inflammatory markers. All the observational studies accounted for
difference in total sedentary time in their analysis. Thus, their results
could be considered independent of total sedentary time.

Experimental studies were all randomized cross-over trials in adults
investigating postprandial response. They fall into two broad catego-

ries; comparison of continuous sitting with sitting interrupted by
bouts of different intensity activities (standing, light activity, activ-
ities of daily living, or moderate- to vigorous-intensity physical
activity [MVPA]) (23,27-29), or comparison of the effect of inter-
rupting sitting versus a single bout of activity before or after contin-
uous sitting (24-26). All experimental studies manipulated BSB
dimensions (duration, frequency, and intensity) differently. Most
manipulated several dimension simultaneously. None fully standar-
dized differences in sitting time and energy expenditure between the
uninterrupted sitting condition and the BSB conditions. Also, none
of the studies actually manipulated the length of sitting bouts. All
studies measured plasma glucose level either through regular blood
sampling or through continuous glucose monitoring (25), but a vari-
ety of analysis methods were used. Studies also measured plasma
insulin levels, serum triglycerides, cholesterol levels, and C-
peptides. One study focused on males with type 2 diabetes (25), one
on obese subjects (23), and one recruited participants only with
impaired glucose tolerance (26).

Quality

Based on the MOOSE criteria, the reporting of the observational
studies was generally poor. The main weaknesses were the lack of
details of the statistical modeling used, and in particular the treat-
ment of confounding variables, and the lack of attention paid to data
loss and sampling biases. Considering the large data loss often
encountered while using accelerometry (30), this is a major limita-
tion of most of the studies. Finally, there was also infrequent use of
sensitivity analyses among the studies to test the robustness of the
results. Healy et al. (17) had the highest quality report, which
included a very detailed account of data loss and a sensitivity
analysis.

Two studies only (23,28) met all the CONSORT recommendations
for reporting trials. All other experimental studies omitted important
details. In particular, power calculations and the randomization and
blinding procedures were rarely reported. Missing data were not
always reported and rarely considered during the statistical analysis.
Only the study by Van Dijk et al. (24) explicitly stated how drop-
outs were handled statistically. Thorp et al. (28) provided the most
ecologically valid experiment with a trial over 5 days recreating the
work environment.

Results synthesis—observational studies

The key quantitative characteristics of the included studies are sum-
marized in Table 3. For the markers of glucose metabolism, cardio-
vascular health and inflammation, an association was not detected.
The results are relatively homogeneous and the uncertainty is low.
The exception to this was from the largest study (17), which found
a significant association with C-reactive protein level of 0.0016 mg/
dl/break. For the markers of obesity, the results are suggestive of an
association with BMI with some certainty. For waist circumference,
the results are less homogeneous and the uncertainty is higher. For
the markers of obesity, when significant associations were found the
actual strength of the relationships were very consistent across
studies: —0.05 kg/m*/break for BMI and —0.17 cm/break for waist
circumference.
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Breaks in Sedentary Behavior Chastin et al.

a) Study of Subgroup  Mean Difference SE Weight

Mean Difference
IV, Random, 95% Cl_ Year
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IV, Random, 95% CI

Bailey 2014 091 24 736%
Thorp 2014
Total (95% CI) 100.0%

Heterogeneity. Tau*= 32,26, Chi®= 1.81,df=1 (P=0.18), P= 45%
Testfor overall effect Z= 0.43 (P = 0.67)

0.91F3.79,561] 2014

-111 86 264% -11.10[-27.96,5.76] 2014 ¢
-2.26 [-12.63,8.12] -+

I +

20 10 20

Favours [Standing breaks] Favours [cont sitting]

Mean Difference Mean Difference
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1.2.2 Adults
Dunstan 2012 -246 20 30% -2460[6380,1460] 2012 ) —
vanDijk 2013 -185 5 485% -1850}28.30,-8.70] 2013 ——
Bailey 2014 159 5 485% -159025.70,-6.10) 2014 ——
Subtotal (95% Cl) 100.0% .17.42[.24.25, .10.60] <>
Heterogeneity: Chi*= 0.27, df= 2 (P=0.87), P= 0%
Testfor overall effect Z=5.00 (P < 0.00001)
Total (95% CI) 100.0% -17.42[-24.25, -10.60] <>
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Holmstrup 2014 -145 13 701% -1450[17.05,-11.95] 2014 =
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Favours [Braaks] Favours [Single bouts]

Figure 3 Forest plots of the effect of BSB on blood glucose level (in % change). Continuous sitting is compared to having (a) standing
breaks, (b) LIPA breaks, and (c) MVPA breaks. (d) Plot shows the meta-analysis of the effect of MVPA breaks compared with
continuous sitting plus a single prolonged bout of MVPA. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

Results synthesis—experimental studies

Glucose. Figures 3a-c show the meta-analysis forest plots of the
effect on blood glucose level of different types of BSB compared to
uninterrupted sitting. Standing breaks do not appear to produce sig-
nificant change in blood glucose (—2.26% 95% confidence interval
CI [—12.63, 8.12]) compared to uninterrupted sitting (Figure 3a).
However, both light-intensity physical activity (LIPA) breaks and
MVPA breaks resulted in significant reductions in blood glucose
postprandial response (—17.42% [95% CI: —24.25, —10.60] (Figure
3b), and —1.40% [95% CI: —1.60, —1.20] (Figure 3c). In addition,
MVPA breaks appear more effective in reducing blood glucose than
a single prolonged bout of MVPA (Figure 3d).

Insulin. Based on the four studies (23-26), LIPA and MVPA
breaks resulted in significant reductions in insulin levels (—14.92%
[95% CI: —20.44, —9.40], and —23.84% [95% CI. —43.46, —4.22],

respectively) (Supporting Information Figures Sla,b). Standing
breaks were also shown to have significant effect but data from only
one study were available (28). MVPA breaks also seemed more
effective in reducing blood insulin level than a single prolonged
bout of MVPA (Supporting Information Figure Slc).

Lipids. The meta-analysis revealed that BSB do not have a signif-
icant effect on triglyceride levels (P = 0.32) (Supporting Information
Figure S1d). The results for cholesterol could not be pooled but the
two studies investigating cholesterol levels all reported null findings
(27,29).

C-peptides. The two studies investigating the effect of BSB on
C-peptides could not be pooled but both reported significant effects
in favor of breaks.
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Discussion

Currently, experimental evidence suggests that both LIPA and MVPA
BSB have beneficial acute effects on glycemic control, with breaks
significantly lowering postprandial glucose and insulin response in
adults. There is also tantalizing evidence suggesting that both LIPA
and MVPA breaks acutely reduce inflammatory response in adults.
However, BSB do not appear to have an acute effect on lipidemia.
The meta-analysis showed that interrupting prolonged sitting with
short periods of standing does not appear to have sufficient activity
intensity to produce acute benefits for any of the cardiometabolic
markers. The only study that did find benefits from standing differed
from the other studies in that sitting and standing was alternated with
equal durations (28).

These results suggest that breaking prolonged sitting with LIPA
breaks may be adequate for counteracting the some acute detrimen-
tal effects of the SB on cardiometabolic health. In contrast, the evi-
dence from observational studies tends to suggest that there is no
detrimental association of prolonged sitting on these same cardiome-
tabolic health markers. Consistent associations were not found
between BSB and any of the cardiometabolic markers other than
with BMI (Table 3).

One explanation for the discrepancy between experimental and epi-
demiological study results is that the acute effects of LIPA BSB are
short term and do not impact physiology over circadian and longer
time scales (25). However, other recent evidence suggests that pro-
found changes in glucose metabolism may occur at the level of
gene-expression as a result of breaking prolonged sitting (31), sug-
gesting a carry-over effect. An alternative explanation may therefore
be that the true results are obscured owing to methodological and
design limitations of the observational studies.

Understanding the effects of BSB is challenging as the number,
duration, and intensity of breaks can all be manipulated. Ideally, one
of these parameters is tested while controlling the other two. How-
ever, this was rarely seen in the studies reviewed (23), leaving a lot
of uncertainty as to the cause of observed change in postprandial
response. Unfortunately, none of the experimental studies adequately
ascertained the dose-response effect of the number of BSB and/or
duration of sedentary bouts. Hence, none really focused on the effect
of prolonged versus interrupted SBs which was the question raised
by the first observational study in the field (11).

The experimental studies instead focused on comparing different
intensities of BSB activity levels, or comparing activity in a single
bout to several shorter bouts of activity distributed throughout the
sitting periods. In this respect, the evidence shows that short fre-
quent bouts of activity seem more effective than a single prolonged
bout of activity at reducing blood glucose but not insulin or lipids.
This hints to the importance of frequent engagement in LIPA, but
does not prove that the benefit is obtained from breaking up SB.
The observed effect could also be attributed to the introduction of
activity rather than to the breaking of SB. If breaking SB was the
key component, then standing breaks would be expected to have
similar effect, which was not the case (Figure 3a). Similarly, none
of the experimental studies controlled for total energy expenditure
or for the total sitting time and therefore it is not clear if the effects
reported are owing to a reduction in sitting, the addition of activity,
or the action of breaking.

The current lack of clarity is not surprising as this is a new field of
investigation. Early studies in other fields of research such as thera-
peutic exercise similarly initially reported confusing and heterogene-
ous results. Clearly, further investigation is needed, but a clear pic-
ture is likely to emerge only once studies with more carefully
planned and precise methodologies are undertaken. It is therefore
important to draw some conclusions regarding the limitations of the
current evidence and methodologies.

Failure to find an association between BSB and cardiometabolic
markers in some studies was not likely to be owing to the issues of
statistical power. There was no consistent pattern of larger studies
reporting significant results. The measurement of the number of
breaks using accelerometry data was a common limitation of all the
observational studies. Accelerometers do not precisely record the
end of a SB bout, but rather estimate it via a count threshold, which
has been shown to have low accuracy (32). This might in part
explain the lack of consistent evidence. Future research should con-
sider using measurement instruments such as posture sensors to
more accurately detect the end of SB bouts. Longitudinal rather than
cross-sectional studies are required to ascertain the effect of long-
term exposure. In future, experimental studies looking at acute
effects, more effective control of the diverse parameters defining
breaks (frequency, duration, and intensity), and accounting for total
sedentary time, is needed.

The concept of “breaks” has important limitations that need to be
addressed. Breaks do not seem to be a very robust estimate of the pat-
tern of SB and might detract from the fundamental hypothesis set by
Healy et al. (11). First, it is very prone to measurement error. Indeed,
number of breaks recorded depends on the length of recording period
and participant’s diurnal pattern. Although this is treated as random
error, it is likely that systematic error is involved which is not
accounted for in most models. Longer recording periods that are per-
fectly in phase with the participant’s pattern will record more breaks.
This is usually the case among more compliant participants who might
also tend to be healthier. Analyses usually attempt to correct for this
error by including recording time as a covariate in models. Yet, this
method is likely to blunt the sensitivity of “breaks” and compound the
problem. Using metrics of SB patterns that do not depend so strongly
on recording time (33) should therefore be considered.

The second limitation is that “breaks” are as much a metric of fre-
quency of physical activity as of SB (Figure 1). These bouts of
activity are most likely to be of light intensity. The association
found with obesity markers in the observational studies is therefore
also consistent with both the nonexercise activity thermogenesis
hypothesis (34) and the reverse causality explanation where heavi-
ness is the reason for fewer activity efforts (35,36).

Finally, although the number of “breaks” is clearly a metric of fre-
quency of sedentary bouts, it is often interpreted as metric of dura-
tion of sedentary bouts. The conclusion of Healy et al. (11) and all
subsequent studies including experimental studies assumes that more
breaks equate to shorter bouts of SB. However, this relies on the
relationship between bout duration and frequency being linear, yet
studies have shown that the relationship cannot be described by a
linear approximation (33,37).

Given these limitations, study designs based on both the metric and
the concept of “breaks” may be obscuring the true picture of health
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consequences of patterns of activity behaviors. It is unlikely that a
simple or linear relationship exists between the pattern of accumula-
tion of SB and the health (37). The results from the acute experi-
mental studies point to a complex physiological response influenced
by interactions between several parameters of both activity and SBs.
To date, the only proposed mechanism to explain this physiological
response is the inactivity physiology theory, which hypothesises that
frequent muscular contractions arrest deleterious molecular signals
thought to occur during prolonged sitting (9). This theory is likely
to be oversimplified as it is the current concept of interrupting sed-
entary bouts. Yet, “breaks” in SB have appeared as a powerful
health message, possibly because of its elegant simplicity.

There are some limitations to this meta-analysis. The literature
retrieved did not allow meta-analysis of the association between BSB
and health markers through pooled regression coefficient technique,
mainly because of the heterogeneity in populations and outcomes
reported. Quantitative assessment of publication bias and of statistical
heterogeneity was also precluded. Although publication bias may be
expected with new topics of research, we noted that studies with both
positive and negative (inconclusive) findings have been published.
Data from Altenburg et al. (29) could not be included in the meta-
analysis of experimental studies as data were unavailable despite con-
tacting the authors repeatedly. However, inclusion of these data would
not have changed the overall results.

Conclusion

At present, the evidence for acute or chronic effects of interrupting
SB is inconsistent. Available evidence does not support the hypothe-
sis that interrupting long bouts of SB has a beneficial effect on
health. However, there is consistent evidence that interruption of sit-
ting with short, frequent bouts of at least LIPA improves postprandial
glycemia. Future research should also seek analytically to move
beyond the crude concept of breaks and endeavor to understand the
pattern of accumulation of SB in more detail.O

© 2015 The Obesity Society
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