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Abstract

Background: Sedentary behavior occurs largely subconsciously, and thus specific behavior change techniques are
needed to increase conscious awareness of sedentary behavior. Chief amongst these behavior change techniques is
self-monitoring of sedentary behavior. The aim of this systematic review and meta-analysis was to evaluate the
short-term effectiveness of existing interventions using self-monitoring to reduce sedentary behavior in adults.

Methods: Four electronic databases (PubMed, Embase, Web of Science, and The Cochrane Library) and grey literature
(Google Scholar and the International Clinical Trials Registry Platform) were searched to identify appropriate intervention
studies. Only (cluster-randomized controlled trials that 1) assessed the short-term effectiveness of an intervention aimed
at the reduction of sedentary behavior, 2) used self-monitoring as a behavior change technique, and 3) were conducted
in a sample of adults with an average age = 18 years, were eligible for inclusion. Relevant data were extracted, and
Hedge’s g was used as the measure of effect sizes. Random effects models were performed to conduct the meta-analysis.

Results: Nineteen intervention studies with a total of 2800 participants met the inclusion criteria. Results of the meta-
analyses showed that interventions using self-monitoring significantly reduced total sedentary time (Hedges g = 0,32; 95%
Cl=0,14 —0,50; p=0,001) and occupational sedentary time (Hedge's g = 0,56; 95% Cl = 0,07 —0,90; p = 0,02) on the short
term. Subgroup analyses showed that significant intervention effects were only found if objective self-monitoring tools
were used (g =040; 95% Cl=0,19 — 0,60; p < 0,001), and if the intervention only targeted sedentary behavior (g = 045;
95% Cl =0,15-0,75; p = 0,004). No significant intervention effects were found on the number of breaks in sedentary
behavior.

Conclusions: Despite the small sample sizes, and the large heterogeneity, results of the current meta-analysis suggested
that interventions using self-monitoring as a behavior change technique have the potential to reduce sedentary behavior
in adults. If future — preferably large-scale studies — can prove that the reductions in sedentary behavior are attributable to
self-monitoring and can confirm the sustainability of this behavior change, multi-level interventions including self-
monitoring may impact public health by reducing sedentary behavior.
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Background

Adults’ sedentary behavior levels are high in developed
countries [1, 2]. A study pooling accelerometer data
from adults (aged between 20 and 75 years) of four dif-
ferent European countries revealed an average sedentary
time of 8.83 h/day [3]. Another study, in which results of
accelerometer-measured sedentary time in older adults
(aged above 60 years) were summarized, showed a daily
mean of 9.40 h/day [4]. Reducing these high prevalence
rates is a public health priority, as excessive sedentary
behavior is associated with a plethora of negative health
outcomes, ranging from non-communicable diseases
(e.g. cardiovascular disease and type II diabetes) and
poor mental health, to all-cause mortality [5-8]. Al-
though no international consensus regarding specific
guidelines for adults’ sedentary behavior has been
reached, a meta-analysis conducted by Chau and col-
leagues suggested that adults’ sedentary time should be
limited to 7 to 8 h/day [9]. Apart from general advise to
reduce sedentary behavior, several national public health
guidelines have also recommended to break up seden-
tary time every 30 min [10-12].

Unfortunately, evidence on effective intervention strat-
egies to target adults’ sedentary behavior is still limited
[5, 10, 13]. Existing sedentary behavior interventions
have mainly focused on reducing occupational sedentary
behavior, whereas there is a lot to be gained in other do-
mains of sedentary behavior. Leisure time for example is
proportionally the most sedentary domain [14]. More-
over, they have been largely informed by social-cognitive
models of behavioral change (e.g. Theory of Planned
Behavior) [15, 16]. Most of these models are based on an
expectancy-value framework in which behavior is deter-
mined by expected outcomes and the value that is
placed on them [17]. As such, these models do not ad-
equately capture processes underlying unintentional and
habit-like behavior. Given that a large part of sedentary
behavior is habitual (i.e. it involves little reasoning and is
performed without conscious decision making) [18], spe-
cific behavior change techniques (BCTs) are needed to
better control sedentary behavior. One powerful strategy
to disrupt habits is to change the circumstances, so that
habit cueing does not occur anymore [19], or to alter
the external cues that lead to habit execution [20]. How-
ever, these strategies have practical difficulties, since
manipulating or avoiding cues is often impossible, or not
always seen as ethical [21, 22]. Therefore, another way
to disrupt undesired habits is preferred, namely by
bringing habitual behavior and its context into conscious
awareness. This might be achieved by means of self-
monitoring [21].

Self-monitoring — defined by Michie and colleagues as
keeping a record of a specified behavior as a method for
changing behavior [23] — has been identified in the
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review of Gardner et al. as a promising behavior change
technique to reduce sedentary behavior in adults [15].
Within the review of Gardner, the aim was to consider
how sedentary behavior in adults might best be reduced,
by describing the behavior change strategies used in sed-
entary behavior reduction intervention evaluations.
However, it should be noted that the eligibility of inter-
ventions in the latter review was dependent on out-
comes, such that any behavior change intervention was
eligible where primary quantitative data were available in
at least one indicator of sedentary behavior. Interven-
tions that did not explicitly target sedentary behavior
were thus included if sedentary behavior data were avail-
able. Given previous mentioned eligibility criteria, and
the fact that research on sedentary behavior was still in
its infancy at the time of the review, the majority of the
studies included in review of Gardner aimed to increase
physical activity rather than to reduce sedentary behav-
ior [15]. As such, most of the included intervention
studies used a pedometer as a self-monitoring tool [15].

More recently, bodily worn electronic devices, that
allow to self-monitor sedentary behaviors, have emerged
as a result of technological advances. These electronic
devices have reduced the burden (i.e. time and task de-
mand) of traditional paper-based methods and have in-
creased assessment accuracy, which might have resulted
in improved adherence, and in turn, greater achievement
of sedentary behavior goals [24].

Despite the large potential for behavior change and
the rise of bodily worn electronic devices to self-monitor
sedentary behavior, it remains unclear how effective this
behavior change technique is to reduce sedentary behav-
ior in adults. Therefore, this study aimed to systematic-
ally review and evaluate the existing evidence regarding
the effectiveness of interventions using self-monitoring
to reduce sedentary behavior in adults by means of a
meta-analysis. Additionally, the current meta-analysis
aimed to identify factors moderating the observed effect-
iveness. Firstly, the dose-response relationship will be
explored by testing the moderating effect of the inter-
vention duration. Based on previous physical activity re-
search, it can be hypothesized that longer interventions
might yield better results [25]. Secondly, the moderating
effect of the specific self-monitoring tool will be assessed.
Given that paper-based diaries or online recording forms
of sedentary behavior are time-consuming, and often sub-
ject to error and recall bias [26], we expect higher effect
sizes in intervention studies using objective self-monitor-
ing tools. Moreover, better effects are expected from tools
specifically developed to monitor sedentary behavior,
compared to tools in which the main aim is to track phys-
ical activity. Thirdly, it will be examined if age acts as a
moderator in the observed effectiveness. Considering the
higher sedentary time [27], it might be expected that older
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adults have more potential to reduce their sedentary time.
However, the stronger habits developed for sedentary be-
havior [16], and the experienced difficulties both while
working with electronic devices [28], and by standing —
due to for example pain, fatigue, and functional limitations
[29, 30] — might be important barriers for older adults to
reduce their sedentary time by means of self-monitoring.
Fourthly, the moderating effect of health status will be
tested, as it might be that participants with overweight/
obesity or other clinical conditions might be more moti-
vated to reduce their sitting time or find it harder. Fifthly,
the intervention content will be included as a moderator
in order to examine if self-monitoring in itself is enough
to achieve behavior change or if it should be combined
with other behavior change techniques. Finally, the focus
of the intervention will be included as a moderator. Previ-
ous research has suggested that interventions targeting
only sedentary behavior have a larger impact compared to
interventions targeting both physical activity and seden-
tary behavior [31].

Methods

This review was performed in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-analyses) guidelines (see Additional file 1). The
protocol of this review (see Additional file 2) was registered
with PROSPERO, which is an internationally database of
prospectively registered systematic reviews in health and
social care (registration ID: CRD42018112735).

Data sources and search strategy

A systematic literature search of four electronic data-
bases (PubMed, Embase, Web of Science, and The
Cochrane Library) was performed in October 2018 —
and updated at the end of May 2019 - to detect
intervention studies meeting the inclusion criteria. Add-
itionally, forward and backward reference checking of
the included papers was applied, and grey literature was
searched — as recommended in the current Cochrane
Collaboration guidelines — using Google Scholar, and
the International Clinical Trials Registry Platform. If an
intervention trial was detected using the grey literature
search, authors were contacted to request unpublished

Table 1 Search strategy Pubmed
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data. The search strategy was developed using the PICO
(population, intervention, comparison, outcome) acro-
nym. The population of interest was adults, the inter-
vention included self-monitoring, the comparison group
received no intervention or an intervention without self-
monitoring, and (one of) the study primary outcome(s)
was sedentary behavior. The search was limited to arti-
cles published in English between the beginning of 2000
and the end of May 2019. This start date was chosen
since most older studies used the construct sedentary
behavior as a synonym for physical inactivity. Details on
the search strategy — which was adapted to the specific
features of each database — are presented in Table 1.

After running the search strategy, duplicates were re-
moved. Subsequently, the studies were screened by title,
and abstract by the first author (SC). After this first se-
lection, full texts were independently screened by two
reviewers (SC and DVD) to determine their eligibility
based on the inclusion criteria. When doubt regarding
the inclusion of a study persisted, a third reviewer (ADS)
was consulted.

Study selection

Studies were eligible for inclusion if they were con-
ducted in adults with an average sample age of 18 years
and above, and if they were assessing the short-term ef-
fectiveness of sedentary behavior interventions, included
self-monitoring as a behavior change technique, and
used a controlled intervention trial design (i.e. [cluster-
Jrandomized controlled trial or non-randomized con-
trolled trial). Short-term effectiveness was defined as
effectiveness reported immediately post intervention. In-
terventions were considered to use self-monitoring as a
behavior change technique, if the participants were
asked to keep a record of their sedentary behavior or
physical activity as a method for changing behavior [23].
Self-monitoring had to be an explicitly stated behavior
change technique, as opposed to occurring as part of
completing measures for research purposes. This could
for example take the form of a diary, completing a ques-
tionnaire about their behavior, in terms of type, fre-
quency, duration and/or intensity, and/or the use of an
electronic device. Interventions were included in the

Building blocks Search terms

intervention OR trial OR effectiveness OR efficacy

AND

“sedentary behavior” OR “sedentary behaviour” OR “sedentary behaviors” OR

“sedentary behaviours” OR “sedentary time” OR “sedentary lifestyle” OR “sitting time” OR

“TV time” OR “TV viewing” OR “watching TV" OR “computer time" OR “computer use” OR
“screen time” OR “sedentary activity” OR “sedentary activities” OR driving OR “passive transport”
OR “car use” OR “motor transport” OR gaming

AND

adult OR individuals OR adults OR elderly OR aged OR “older people” OR seniors OR

senior OR workers OR employees OR men OR women OR patients OR survivors
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current review if they aimed at either 1) the reduction of
total sedentary behavior, 2) the reduction of domain-spe-
cific sedentary behavior (e.g. occupational sedentary be-
havior, leisure time sedentary behavior), or 3) the
increase in the number of sedentary behavior interrup-
tions. Interventions in which the sole aim was to
increase physical activity were excluded as previous re-
search has indicated that these interventions revealed
no, or only small effects on sedentary behavior [13].

Data extraction

Data were extracted from the published articles when
available and authors were contacted to request missing
data. Data extraction was done by SC and DVD inde-
pendently using a standardized form and included:
source characteristics (i.e. author, year of publication,
and country of publication); study design; sample char-
acteristics (i.e. sample size, age, gender, healthy vs clin-
ical); intervention characteristics (i.e. duration, focus,
self-monitoring, other behavior change techniques,);
control characteristics (i.e. no intervention or other
behavior change techniques); sedentary behavior mea-
sure(s) (i.e. objective vs self-reported, total sedentary
behavior vs domain-specific sedentary behavior and
measurement instrument) and sedentary behavior out-
come data (i.e. the means and standard deviations of
each group for both pre and post assessment, or mean
changes and SD differences, or F values for group differ-
ences between changes). Follow-up measurements were
not extracted, as the majority of the included studies did
not report/analyze long-term effectiveness. Consensus
was used to resolve disagreement regarding the data ex-
traction. If consensus could not be reached, inconsisten-
cies were discussed with a third reviewer (ADS).

Quality assessment

Methodological study quality was assessed using the
Effective Public Health Practice Project (EPHPP)
Quality Assessment Tool for quantitative studies
(https://merst.ca/ephpp/). Studies were independently
reviewed by two researchers (SC and LP) and dis-
agreements were resolved through discussion. Each of
the following aspects were rated as weak, moderate
or strong, using the EPHPP: selection bias, study de-
sign, confounders, blinding, data collection methods,
withdrawals and drop-outs, intervention integrity and
analyses. Because blinding of participants was not
feasible in the context of self-monitoring based inter-
ventions aimed at the reduction of sedentary behavior,
the overall risk of bias was calculated for each study
without taking into account the blinding score. The
impact of the study quality on overall effects was
assessed by sensitivity analyses (see below).
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Data analysis

Meta-analyses

Meta-analyses were conducted using Comprehensive
Meta-analyses software version 3.3.070 (Biostat Inc.,
Englewood, NJ, USA). For each study an effect size was
calculated with Hedges’ formula correcting for small
samples [32]. By calculating Hedge’s g, all effect sizes
were transformed to a common metric, which enabled
us to include different outcome measures in the same
analysis [33]. Subsequently, the unadjusted difference in
means was calculated using the absolute time spent sed-
entary (min/day) as an effect size to gain insight into the
difference in sedentary time between the intervention
and the control groups. Random effects models were
used for the meta-analyses. The random effects models
estimated the mean of a distribution of effects [33].
Findings of the meta-analysis were presented using
forest plots.

Test of heterogeneity and moderation analyses

The existence of heterogeneity was assessed using
the Cochrane’s Q test, and the I* statistics. A Q-
value with a significance of p <0.05 was considered
significant heterogeneity, while for the I?, a cut-off
point of 50% was considered indicative of high het-
erogeneity [34]. If high heterogeneity was present,
moderator analyses were conducted to test whether
the heterogeneity could be explained by differences
in 1) the intervention duration (< 12 weeks vs> 12
weeks), 2) the main purpose of the self-monitoring
tool (sedentary behavior tool vs physical activity
tool), 3) the way of self-monitoring (self-reported vs
objective monitoring), 4) the age group of the partic-
ipants (mean age < 60 years vs mean age > 60 years) 5)
the health status of the participants (healthy vs over-
weight/obese or other clinical condition), 6) the
intervention content (only self-monitoring and gen-
eral information on the link between behavior and
health outcome vs combined with other behavioral
change techniques) and 7) the focus of the interven-
tion (only sedentary behavior or multiple behaviors).
The median was used to calculate the cut-off point
for intervention duration and mean age. The main
purpose of the self-monitoring tool was determined
using websites from manufacturers and the scoping
review of Sander et al. [35] (see Additional file 2).

Sensitivity analyses and publication bias check

Sensitivity analyses were carried out to check the robust-
ness of the statistical analysis. Concretely, main analyses
were repeated without the study of Wyke et al. [36], as
this study might have affected the results due to the
large sample size and hence large contribution to the
meta-analysis. Main analyses were also repeated without
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low quality studies, without cluster-randomized con-
trolled trials, and without studies using subjective meas-
urement instruments. The presence of publication bias
was assessed using a funnel plot and Egger’s regression
test.

Results

Study characteristics

Figure 1 displays the number of studies identified,
screened and excluded at each stage of the review
process using the PRISMA flowchart. As a result, 19 ar-
ticles met the inclusion criteria [36—52]. Of these, one
study [53] was not included in the quantitative synthe-
ses, as information was only provided on the longest
bout of sedentary behavior.

Characteristics of the included studies are pre-
sented in Table 2. The majority of the included stud-
ies used a pretest posttest control group design (11/
19) [36, 37, 39-41, 44, 46, 48, 50, 52, 54]. Five
studies used a non-equivalent pretest posttest con-
trol group design [42, 45, 47, 49, 55], and three
studies used a multigroup pretest posttest design
[43, 51, 53]. Of the included studies, six studies were
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conducted in the USA [41, 46, 48, 50, 51, 55], four in
the UK [40, 45, 49, 52], three in Belgium [43, 44, 54], two in
Australia [37, 42] and one each in Canada [39], Japan [53]
and Taiwan [47]. One study was conducted in multiple
countries [36]. Only five studies were conducted in older
adults (i.e. mean age above 60 years) [37, 39, 44, 48, 52],
whereas 14 studies were conducted in adults (i.e. mean age
between 18 and 60 years) [36, 40—43, 45-47, 49-51, 53-55].
More than half of the studies were conducted with healthy
participants (11/19) [39, 42, 43, 45, 47-49, 51-54], five
studies were conducted with overweight/obese participants
[36, 40, 41, 50, 55], and one study each was conducted with
Diabetes Type 2 patients [44], postmenopausal women
diagnosed with stage I-III breast cancer [37] and Multiple
Sclerosis patients [46]. Studies used a range of tools to self-
monitor sedentary behavior. Specifically, six studies used a
pedometer [41, 44, 47, 49, 50, 55], four studies used a trad-
itional/electronic logbook or a questionnaire [43, 51, 52, 55],
three studies used the Jawbone Up 24 [46, 48, 53], and one
study each used the Shimmer accelerometer [54], the Fitbit
One [39], the Gruve [40], the Lumoback [42], the Darma
Crushion [45], the Garmin Vivofit 2 [37], and the SitFIT
[36]. The shortest interventions lasted 1 week [53, 54], while

o
c
2 Records identified through Additional records identified
8 database searching through other sources
’L;‘ (n = 31896) (n=16)
[}
3
A 4 A 4
pr— Records after duplicates removed
(n=21884)
("]
=
c
A
g
3 Titles screened for
eligibility
(n=21884)

— |

Abstracts screened for
eligibility
z (n= 446)
2
20 |
o Full-text articles excluded,
Full-texts screened for with reasons (N = 59)
eligibility > No controlled trial: n =23
_ Not including self-monitering as
(n=78) BCT:n=23
— Not aimed to reduce sedentary
behavior:n=6
3 No sedentary behavior outcome
3 Studies included (n=19) — datan=7
3 of which 18 were included
H in the quantitative
synthesis (meta-analysis)
—

Fig. 1 PRISMA flowchart
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the longest interventions lasted 1 year [40, 45].
Twelve studies focused only on sedentary behavior
[38-43, 45, 49, 50, 52, 53, 55], whereas six studies
focused on the combination of sedentary behavior and
physical activity [36, 37, 44, 46—48]. One study focused on
the combination of sedentary behavior, physical activity and
dietary behavior [51]. Twelve studies objectively measured
sedentary behavior [36, 37, 39, 41, 42, 44, 45, 48-50, 53, 54],
four studies subjectively measured sedentary behav-
ior [46, 47, 51, 52], and three studies combined both
methods to estimate sedentary behavior [40, 43, 55].

Methodological study quality

Detailed results of the quality assessment are presented for
each study in Table 3. Shortly, four studies were rated as
strong [40, 44, 47, 50], five as moderate [36, 38, 41, 42, 49]
and ten as weak [37, 39, 43, 45, 46, 48, 51-53, 55]. Weak
ratings were frequently caused by recruitment issues, and
lack of reporting on potential confounders and reasons for
drop-out.

Effects of interventions including self-monitoring on total
sedentary behavior

Figure 2 shows the effects of 16 interventions on total
sedentary behavior using a forest plot. The average

(2019) 16:63 Page 10 of 16

effect size across all studies was significant (Hedges
g=0,32; 95% CI =0,14-0,50; p = 0,001) indicating that
interventions including self-monitoring as a behavior
change technique have the potential to reduce total
sedentary behavior in adults. The overall mean differ-
ence for total sedentary time between intervention
and control groups was 34,37 min/day (95% CI =14,
48-54,25) (see Additional file 3). As such, the reduc-
tion in sedentary time is on average 34,37 min larger
in the intervention group, compared to the control
group. Results of the heterogeneity tests (Q(16) = 44,
43; p<0,001; I? =66,24) revealed significant hetero-
geneity, and thus, moderation analyses were carried
out. A priori, it was decided to conduct moderation
analyses on the intervention duration, the main pur-
pose of the self-monitoring tool, the way of self-moni-
toring, the age group of the participants, the health
status of the participants, the intervention content,
and the focus of the intervention. Since all the in-
cluded interventions have, however, used self-monitor-
ing in combination with a range of other behavior
change techniques, it was impossible to include inter-
vention content as a moderator.

Results of the moderation analyses are presented in
Table 4. The way of self-monitoring (i.e. subjective versus

Table 3 Quality assessment of the included studies according to the EPHPP tool

Study Component rating Global
Representativeness Design Confounders Blinding® Methods Drop-outs fating
Arrogi, 2017 Weak Strong Strong Weak Strong Strong Moderate
Adams, 2013 Moderate Strong Weak Weak Strong Weak Weak
Ashe, 2015 Weak Strong Weak Moderate Strong Moderate Weak
Biddle, 2015 Moderate Strong Strong Weak Strong Moderate Strong
Brakenridge, 2016 Moderate Strong Strong Weak Strong Weak Moderate
Carr, 2013 Weak Strong Strong Moderate Strong Moderate Moderate
De Cocker, 2016 Weak Strong Strong Weak Strong Weak Weak
De Greef, 2011 Moderate Strong Strong Weak Strong Strong Strong
Edwardson, 2018 Weak Strong Weak Moderate Strong Moderate Weak
Kitagawa, 2019 Weak Strong Strong Moderate Weak Strong Weak
Klaren, 2016 Weak Strong Strong Weak Strong Weak Weak
Lin, 2018 Moderate Strong Strong Weak Strong Strong Strong
Lynch, 2019 Weak Strong Weak Weak Strong Strong Weak
Lyons, 2017 Weak Strong Weak Weak Strong Strong Weak
Maylor, 2018 Moderate Strong Weak Weak Strong Strong Moderate
Smith, 2012 Moderate Strong Strong Weak Strong Moderate Strong
Spring, 2018 Weak Strong Strong Weak Strong Weak Weak
White, 2017 Weak Strong Weak Moderate Strong Strong Weak
Wyke, 2019 Weak Strong Strong Moderate Strong Strong Moderate

@ The overall risk of bias was calculated for each study based on the EPHPP guidelines (https://merst.ca/ephpp/) without taking into account the blinding score
(see Methods). A strong rating was allocated to studies without weak ratings, a moderate score was allocate to studies with one weak rating, and a weak rating

was allocated to studies with two or more weak ratings


https://merst.ca/ephpp/
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Study name Sample size Statistics for each study
Hedges's  Standard Lower Upper
Intervention  Control 9 error Nmit Wmit  p-Value
Adams, 2013 40 24 0229 0256 -0273 0,730 0371
Arrogl, 2017 N 27 0.536 0264 0018 1.054 0.043
Ashe, 2015 12 13 0642 0398 -0,137 1422 0,106
Biadle, 2015 38 49 0.044 0214 -0376 0.464 0.837
Brakenridge, 2016 66 87 0,050 0162 -0269 0,368 0,759
Carr, 2013 23 17 1,026 0334 0372 1681 0,002
De Cocker, 2016 35 23 0119 0265 -0639 0.400 0,653
De Greef, 2011 60 32 0408 0219 -0022 0838 0,063
Edwardson, 2018 77 69 0,890 0,173 0,551 1229 0,000
Klaren, 2016 33 37 0475 0240 0,005 0946 0,048
Lin, 2018 51 50 -0.000 0198 -0,387 0.387 0.999
Lynch, 2019 37 40 0374 0228 -0073 0.820 0.101
Lyons, 2017 20 20 0,332 0312 -0280 0,943 0,288
Smith, 2012 23 17 1.026 0334 0372 1.681 0,002
White, 2017 42 43 0,121 0213 -0538 0.296 0,568
Wyke, 2019 464 4n 0.065 0065 -0,063 0,193 0322
0.320 0090 0142 0497 0,000
Fig. 2 Forest plot for total sedentary behavior
A

Hedges's g and 95% CI
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' ol
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——
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objective) was the only significant moderator (Q =5,67;
p=0,02). Subgroup analyses showed that significant
effects were found for interventions using objective self-
monitoring tools (g=0,40; 95% CI =0,19-0,02; p < 0,001),
whereas non-significant effects were found for interven-
tions in which self-monitoring was done subjectively (g =
-0,02; 95% CI=-0,29-0,26; p=0,90). The focus of the
intervention was close to significance (Q = 2,88; p = 0,09).
Interventions only focusing on sedentary behavior showed
significant effects (g =0,45; 95% CI = 0,15-0,75; p = 0,004),
whereas interventions focusing on both sedentary behav-
ior and physical activity did not show significant effects
(g=0,16; 95% CI=0,001-0,31; p=0,11). The main pur-
pose of the self-monitoring tool (Q =1,95; p=0,16), the
intervention duration (Q =1,93; p =0,17), the age group
of the participants (Q=0,17; p=0,68), and the health
status of the participants (Q =0,03; p =0,86) did not sig-
nificantly moderate the intervention effects.

Funnel plot and Egger’s Test (t(16)=2,24; p=0,05)
indicated that publication bias was unlikely to have
influenced the results (see Additional file 4). Sensitivity ana-
lyses showed that the effect sizes largely remained within
the 95% confidence interval after removing the study of
Wyke et al. (g=0,35; 95% CI =0,16-0,55; p <0,001), after
removing low quality studies (g=0,29; 95% CI = 0,06-0,52;
p=0,012), after removing cluster-randomized controlled
trials (g=0,32; 95% CI =0,12-0,52; p = 0,001), and after re-
moving studies using subjective measurement instruments
(g =0,40; 95% CI = 0,17-0,62; p = 0,001).

Effects of interventions including self-monitoring on
domain-specific sedentary behavior

Six of the included interventions assessed the influence
on domain-specific sedentary behavior. Of these, one
study examined the effect on leisure screen time [51],

four on occupational sitting time [42, 45, 47, 49], and
one on different domains of sedentary behavior (i.e. at
work, for transport, computer time, television time and
other leisure time) [43]. Given the lack of results on
transport-related sedentary behavior and leisure time
sedentary behavior, a meta-analysis was only conducted
on occupational sedentary behavior. Results of this
meta-analysis, which are presented by means of the
forest plot in Fig. 3, show that occupational sedentary
behavior significantly reduced after the intervention
including self-monitoring (Hedge’s g =0,49; 95% CI =0,
07-0,90; p=0,02). Although significant heterogeneity
was detected (Q(5) =21,44; p<0,001; I* =81,34), no
moderation analyses were conducted due to the limited
number of studies (i.e. at least three studies were
required per category to perform the moderation
analyses) [56].

Funnel plot and Egger’s Test (t(5) = 0,45; p = 0,68) indi-
cated that publication bias was unlikely to have influ-
enced the results (see Additional file 4). Sensitivity
analyses were not performed as there were no outliers,
no studies with extreme large sample size, and only
three studies with moderate or strong quality. Sample
sizes of the latter three studies were too small to con-
duct meaningful analyses [56].

Effects of interventions including self-monitoring on the
number of breaks in sedentary behavior

Only four of the included studies examined the effect of
an intervention using self-monitoring on the number of
breaks in sedentary behavior. The effect size of one of
the studies [49] exceeded the outlier threshold of three
standard deviations above the average effect size. This
study was thus removed from the analyses. Figure 4 pre-
sents the effects of the remaining three studies, as well
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Moderator Number of studies Combined sample size  Hedges'g 95% Cl Q P

Intervention length 193 017
Short (£ 12 weeks) [36, 38, 41-43, 47, 48, 50, 52, 55] 1" 1653 0,23 0,04 - 041
Long (> 12 weeks) [39, 40, 44-46] 5 440 0,49 0,17 - 081

Main purpose of self-monitoring tool 195 0,16
To measure physical activity [37, 39, 41, 44, 46-48, 50, 55] 9 549 043 0,22 — 0,65
To measure sedentary behavior [36, 38, 40, 42, 43, 45, 52] 7 1524 0,19 -0,07 - 045

Way of self-monitoring 567 002
Subjective self-monitoring [43, 52, 55] 3 209 -0,02 -0,29 - 0,26
Objective self-monitoring [36-42, 44-48, 50] 13 1864 0,40 0,19- 0,60

Age group 017 068
Adults (mean age: 18-60 years) [36, 38, 40-43, 45-47, 50, 55] 11 1752 0,34 011 -057
Older adults (mean age > 60 years) [37, 39, 44, 48, 52] 5 321 0,27 002 - 0,52

Health status 0,03 086
Healthy participants [38, 39, 42, 43, 45, 47, 48, 50, 52] 9 708 033 0,03 - 0,63
Participants with overweight/obesity or another clinical 7 1365 0,30 0,08 - 052
condition [36, 40, 41, 44, 55]

Focus of the intervention 2,88 0,09
Only sedentary behavior 9 671 0,45 0,15 -10,75
Sedentary behavior and physical activity® 7 1402 0,16 0,001 - 0,31

Hedges' g (random effects); CI confidence interval, Q homogeneity statistic (mixed effects), *One study focused on sedentary behavior, physical activity and

dietary behavior

as the average effect size by means of a forest plot. The
average effect size was not significant (Hedge’s g=0,10;
95%CI = -0,18-0,37; p =0,50), meaning that the existing
interventions including self-monitoring were not able to
increase the number of breaks in sedentary behavior. No
significant heterogeneity was found. Funnel plot and
Egger’s Test (t(3) =0,90; p = 0,53) indicated that publica-
tion bias was unlikely to have influenced the results (see
Additional file 4). Again, sensitivity analyses were not
performed due to the low number of studies.

Discussion

Results of the current meta-analyses suggest that inter-
ventions including self-monitoring have the potential to
reduce sedentary behavior in adults, and may thus play a
critical role in promoting public health. If future studies
can prove that the positive effects on sedentary behavior
are attributable to self-monitoring, this finding will be in
line with the results of a recent review by Gardner et al.,
which identified self-monitoring as one of the most
promising behavior change techniques in sedentary be-
havior reduction interventions [15]. Given that the effect
sizes in the current meta-analyses were rather small,
more research should be conducted to examine 1) if the
reduction in sedentary time is clinically relevant, and 2)
how the reduction in sedentary time might be enhanced.

Specifically, our results indicated that both total seden-
tary behavior, and occupational sedentary behavior sig-
nificantly reduced after implementing a self-monitoring
based intervention. These reductions were, however,
only significant if an objective self-monitoring tool was
used. This moderating effect is not surprising, and can
be explained by the fact that sedentary behavior is a
largely subconscious behavior, and thus difficult — and
time-consuming — to self-report [57]. Using objective
self-monitoring tools may reduce the burden and in-
crease the adherence to the intervention, and thus result
in better achievements towards the behavioral goals [35].

Next, our results suggested that interventions only fo-
cusing on the reduction of sedentary behavior are more
effective in comparison to interventions focusing on
both the reduction of sedentary behavior and the in-
crease of physical activity. This finding corresponds with
the results of the review of Prince et al. [58]. In their re-
view, Prince et al. showed that interventions only target-
ing sedentary behavior have the largest impact on
sedentary behavior (i.e. a mean reduction of 91 min per
day). Interventions targeting both sedentary behavior
and physical activity resulted in a mean reduction of 35
min sedentary behavior per day [58]. This difference in
effect size might be explained by the fact that partici-
pants of interventions targeting both sedentary behavior
and physical activity are more likely to focus on physical
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Study name Sample size Statistics for each study
Hedges's  Standard  Lower Upper
Intervention  Control g ermor limit limit  p-Vaue Total
Erakenridge, 2016 66 a7 0,161 0,163 -0,158 0479 0324 153
De Cocker, 2016 33 24 1,006 0,281 0455 1556 0,000 57
Edwardson, 2018 v 69 0977 0175 0.635 1319 0,000 146
Lin, 2018 51 50 0,003 0198 -0384 0,390 0987 101
Mayor, 2018 38 30 0,359 0243 -0118 0836 0,140 &8
265 260 0.487 0212 0072 0,903 0022 525

Fig. 3 Forest plot for occupational sedentary behavior

Hedges's g and 95% CI

1,00 0,00 1,00 2,00

Favours control Favours intervention

activity due to 1) the clearer guidelines for physical ac-
tivity compared to sedentary behavior, 2) the better
known negative health consequences of too little phys-
ical activity compared to sedentary behavior, and 3) the
fact that physical inactivity is still considered a synonym
for sedentary behavior in the general population [59].
This might be important, as existing self-monitoring
devices often combine the information on sedentary be-
havior and physical activity. For example, the device
used in the study of Wyke et al. (i.e. the SitFIT) provided
information on the number of steps and on the time
spent sedentary [36]. Participants of this study seemed
to mostly look at the number of steps taken, and paid
less attention to the amount spent sitting. They indi-
cated that they were more familiar with the step counts,
and they considered the sitting time feedback as compli-
cated [36]. Based on these results, it could be concluded
that in order to reduce sedentary time 1) self-monitoring
devices should be developed only focusing on sedentary
behavior, and 2) information on sitting time should be
optimized. However, as the aim of most behavioral inter-
ventions is to maximize health benefits, it might be
useful to target both sedentary behavior and physical
activity. Both behaviors have the ability to induce benefi-
cial health effects, and are part of the 24 h movement
continuum [60]. As such, changing one behavior also af-
fects another behavior [60].

Other potential moderators that were tested (i.e. inter-
vention duration, main purpose of the self-monitoring
tool, age group and health status) did not account for
differences between effect sizes. This is in contrast with
our expectations, as we predicted larger effects in longer
interventions, and in interventions of which the self-
monitoring tool was specifically developed to reduce
sedentary behavior. Longer interventions were expected
to yield better results due to the dose-response relation-
ship. Nevertheless, based on the current results it is
unclear if the dose was higher in longer interventions, as
information on frequency, and intensity was incomplete
[61], but other differences in intervention content might
have played a role as well. Self-monitoring tools specific-
ally developed to reduce sedentary behavior were ex-
pected to generate larger gains due to the fact that they
are more appropriate to bring sedentary behavior into
conscious awareness. More research is needed to under-
stand why this was not the case. It might, however, be
that existing physical activity devices include much more
behavior change strategies (e.g. providing feedback, so-
cial support etc.) compared to the existing sedentary
behavior devices, which are still in infancy [35]. Given
that several of the included moderators were not signifi-
cant, part of the heterogeneity remains unexplained, and
should thus be examined in future studies. One of the
main factors, that was not examined due to the lack of

Study name Sample size Statistics for each study
Hedges's Standard Lower Upper
InterventionControl q error limit  limit p-Value
Arrogi, 2017 K1 27 0,428 0,263 -0,067 0942 0,104
Biddie, 2015 38 49 -0,075 0,214 -0485 0345 0727
De Cocker, 2016 35 23 0,018 0265 -0,501 0,537 0,947
104 9 0,100 0152 0,198 039 0512

Fig. 4 Forest plot for the number of breaks in sedentary behavior

Hedges's g and 95% CI

=3

-2,00 -1,00 0,00 1,00 2,00

Favours control Favours intervantion
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studies, and that might have caused the unexplained het-
erogeneity are the other behavior changes techniques
included in the interventions. For instance, some of the
interventions applied environmental restructuring, by
for example, implementing standing desks at work [45].
Implementing standing desks has been shown to be suc-
cessful in reducing sedentary behavior [62, 63]. As such,
these interventions might have yielded larger effects.

Finally, it should be acknowledged that the few studies
that analyzed the effect on the number of breaks were
not able to detect significant increases. This is disap-
pointing as previous research has emphasized that inter-
rupting bouts of sedentary behavior with light-intensity
physical activity might yield beneficial health effects [64].
More research is needed to understand the underlying
reasons for the non-significant effects, although the lack
of information on breaks of the existing self-monitoring
tools might have played a crucial role [35].

Strengths and limitations
The main strength of this study is that this is the first
study, to our knowledge, to synthesize and statistically
analyze the existing evidence regarding the effectiveness
of interventions that use self-monitoring as a behavioral
change technique to reduce sedentary behavior in adults.
Moreover, the study used a comprehensive search strat-
egy across multiple databases to identify all relevant
studies, including grey literature. Both the screening of
eligible studies, and the quality assessment has been
conducted by two independent reviewers, and the qual-
ity score has been used to conduct sensitivity analyses.
The main limitation of the current study is the fact
that self-monitoring was never implemented as a stand-
alone strategy in the existing interventions. All the
included interventions, however, comprised a range of
behavior change techniques, and thus it remains uncer-
tain if the effects are attributable to self-monitoring in
itself, or if (a combination with) other behavior change
techniques induced the behavioral change. Future stud-
ies should try to disentangle the combinations of behav-
ior change techniques in order to gain insight into the
working mechanism of the separate behavior change
techniques as well as their interactions. By doing so,
effective interventions of minimal costs and efforts can
be created. Secondly, several of the included studies
were pilot studies, and thus, performed with small sam-
ple sizes. Studies with small sample sizes are often
underpowered to detect small changes in sedentary be-
havior. This might have led to an underestimation of the
actual effect size. Thirdly, many of the included studies
had a low methodological quality, due to weak ratings
on selection bias, confounders and withdrawals. Al-
though these weak ratings might be due to a lack or
reporting, this might have affected the results. More

(2019) 16:63 Page 14 of 16

high quality studies are needed with larger samples and
objective measures in future research. Finally, we were
only able to analyze short-term effects, as the majority
of the included interventions did not report long-term
effects. As such, it remains unclear whether intervention
effects will be sustained over time. Insight into the long-
term effectiveness is of great importance to evaluate the
actual public health impact of self-monitoring based sed-
entary behavior interventions [65].

Conclusion
Results of the current meta-analysis — which included
17 intervention studies — suggest that interventions

including self-monitoring show promise to reduce short-
term sedentary behavior in adults. Important to note,
however, is that all the included interventions have
employed multiple behavior change techniques, whereby
it is impossible to determine if the beneficial effects on
sedentary behavior are attributable to self-monitoring in
itself, or to (a combination with) other behavior change
techniques. Moderation analyses indicated that the re-
ductions in sedentary behavior are larger if an objective
self-monitoring tool was used, and if the intervention
only focuses on sedentary behavior. Still, from a public
health point of view, combined physical activity and sed-
entary behavior interventions would be preferred but
more research is needed to effectively integrate both
behaviors in intervention strategies. If future studies can
confirm that previous mentioned positive effects are long-
lasting, the development and implementation of sedentary
behavior interventions including self-monitoring as a key
behavior change technique should be encouraged.
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