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Sedentary behaviour —i.e., low energy-expending waking behaviour while seated or
lying down — is a health risk factor, even when controlling for physical activity. This
review sought to describe the behaviour change strategies used within interventions
that have sought to reduce sedentary behaviour in adults. Studies were identified
through existing literature reviews, a systematic database search, and hand-
searches of eligible papers. Interventions were categorised as ‘very promising’,
‘quite promising’, or ‘non-promising’ according to observed behaviour changes.
Intervention functions and behaviour change techniques were compared across
promising and non-promising interventions. Twenty-six eligible studies reported
thirty-eight interventions, of which twenty (53%) were worksite-based. Fifteen
interventions (39%) were very promising, eight quite promising (21%), and
fifteen non-promising (39%). Very or quite promising interventions tended to
have targeted sedentary behaviour instead of physical activity. Interventions
based on environmental restructuring, persuasion, or education were most
promising. Self-monitoring, problem solving, and restructuring the social or
physical environment were particularly promising behaviour change techniques.
Future sedentary reduction interventions might most fruitfully incorporate
environmental modification and self-regulatory skills training. The evidence base
is, however, weakened by low-quality evaluation methods; more RCTs,
employing no-treatment control groups, and collecting objective data are needed.

Keywords: sedentary behaviour; behaviour change; intervention

Sedentary behaviour has been defined as any waking behaviour characterised by an
energy expenditure of 1.5 metabolic equivalents or less, undertaken while sitting or
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lying down (Sedentary Behaviour Research Network [SBRN], 2012). It is increasingly
recognised as a risk factor for mortality and morbidity, after controlling for moderate-
to-vigorous physical activity (Wilmot et al., 2012). Self-report data suggest the average
European adult spends 5 hours sitting per weekday (Bennie et al., 2013). Among UK
office workers, the figure may be higher: using objective data, one study showed 5.3
hours of the working day to be spent sitting (Ryan, Grant, Dall, & Granat, 2011),
and another that workers spend 10.6 weekday hours sitting on average between
7am and 11 pm (Smith et al., 2015). While those who spend more time in sedentary
behaviour tend to do less moderate-to-vigorous physical activity (Mansoubi,
Pearson, Biddle, & Clemes, 2014), the potentially independent health impacts of
sedentary behaviour and physical activity mean that activity-promotion may fail to
offset the health impact of sedentary behaviour (Henson et al., 2013).

Sedentary behaviour reduction interventions have been conducted among children
for many years (Biddle, Gorely, & Stensel, 2004), but interventions among adults are
much more recent, and more are needed. Syntheses of previous intervention trials can
provide a valuable input into the design of new interventions, by revealing which
approaches, techniques, and assumptions show promise in reducing sedentary behav-
iour, and the strength of the evidence (Craig et al., 2008; Michie, Atkins, & West,
2014). To our knowledge, only four syntheses of sedentary behaviour reduction inter-
ventions have been undertaken to date (Chau et al., 2010; Owen et al., 2011; Prince,
Saunders, Gresty, & Reid, 2014; Shrestha, Ijaz, Kukkonen-Harjula, Kumar, &
Nwankwo, 2015), of which two focused on worksite-based interventions only (Chau
et al., 2010; Shrestha et al., 2015). Two of the four reviews reported meta-analyses
of intervention effects (Prince et al., 2014; Shrestha et al., 2015), and concluded
that, while the quality of included studies was at best moderate, interventions that
target sedentary behaviour have the potential to decrease it. Yet, effect sizes varied,
with intervention recipients in one study achieving a reduction of 176 min/day of
sedentary behaviour, and in another a decrease of only 52 min/day. No review to
date has focused on the discrete behaviour change techniques that may distinguish
more effective from less effective interventions.

Developing effective sedentary reduction interventions depends on understanding
both what works in changing sedentary behaviour and why. Recent advances in behav-
ioural science permit the identification of intervention components that may explain
between-study variation in effectiveness (e.g., Michie & Prestwich, 2010; Michie
et al., 2013). A recent framework (the ‘Behaviour Change Wheel’; Michie, van
Stralen, & West, 2011) proposes that interventions can play one or more of nine func-
tions in order to change behaviour; for example, interventions may seek to educate
the target population of the need for change, persuade them by inducing positive or
negative emotions around the behaviour, or train them in the skills needed to achieve
change. A taxonomy is available which describes 93 discrete behaviour change tech-
niques that may be used in interventions within any behavioural domain (e.g., providing
information on health consequences, setting goals, restructuring the physical environ-
ment; Michie et al., 2011). Intervention functions represent ‘broad categories of
means by which an intervention can change behaviour’ (Michie, Atkins, & West,
2014, p. 109), and behaviour change techniques represent the observable and irreducible
intervention components that serve to perform one or more functions (Michie & West,
2013). Coding for intervention functions and behaviour change techniques in published
intervention descriptions can provide a useful summary of the broad strategies and
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specific techniques that have previously been employed, and comparing these com-
ponents across effective and ineffective interventions can point towards the possible
‘active ingredients’ of interventions (Gardner, Whittington, McAteer, Eccles, &
Michie, 2010; Gilinsky et al., 2015; Martin, Chater, & Lorencatto, 2013; Michie,
Abraham, Whittington, McAteer, & Gupta, 2009). Interventions based on theory
can be more effective (Ivers et al., 2012; but see Gourlan et al., 2014), and where
theory use is scant, identifying the intervention functions and behaviour change tech-
niques used can reveal the implicit theoretical assumptions underpinning interventions
(Gardner et al., 2010). For example, providing information on the health impact of
sitting assumes sedentary behaviour is driven by a lack of knowledge, and that increas-
ing knowledge will change behaviour (Abraham & Michie, 2008). Where techniques are
found to be associated with promising interventions, this can inform hypothesising
around the possible psychological or other pathways through which sedentary behav-
iour might best be reduced. Conversely, identifying strategies associated with less prom-
ising interventions can ensure that intervention designers do not devote time and
resources to developing unhelpful strategies.

The aim of this review was to consider how sedentary behaviour in adults might best
be reduced, by describing the behaviour change strategies used in sedentary behaviour
reduction intervention evaluations. Our review goes beyond previous evidence syntheses
in this field by exploring intervention components that may act as potential sources of
variation in effects. Given the relative infancy of the sedentary behaviour change field,
our review does not aim to provide definitive conclusions regarding the most effective
intervention components; rather, it is designed to offer input into the development of
future sedentary reduction interventions, by highlighting which behaviour change strat-
egies have shown promise in previous studies (e.g., Craig et al., 2008; Michie, Atkins, &
West, 2014). We treated interventions as ‘promising’ where sedentary behaviour was
observed to have reduced on at least one measure. We coded for intervention character-
istics, to identify which functions and techniques have been used to reduce sedentary be-
haviour and which were more associated with potential for achieving reduction in
sedentary behaviour, and study-level methodological characteristics for descriptive pur-
poses only. We included any intervention for which evidence was available regarding
extent of change in sedentary behaviour, regardless of whether sedentary behaviour
change was an explicit target. The protocol for this review is not publicly available,
nor was the review registered on the PROSPERO database. Nonetheless, relevant
PRISMA systematic review guidelines were followed (Moher, Liberati, Tetzlaff, &
Altman, 2009). A completed PRISMA checklist is available as supplemental material.

Methods

Selecting papers for review

FEligibility criteria

Studies were included where they met the following criteria (Schardt, Adams, Owens,
Keitz, & Fontelo, 2007). The study population was adults aged 18 or over, recruited
from the general population. Clinical populations — i.e., participants recruited on
the basis of their membership of a clinical group, such as having diabetes — were
excluded. Overweight and obese participants were not considered a clinical
population.
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The eligibility of interventions was dependent on outcomes, such that any behaviour
change intervention was eligible where primary quantitative data were available per-
taining to pre-post changes in at least one indicator of sedentary behaviour among
those receiving the intervention. Interventions that did not explicitly target sedentary
behaviour were thus included where pre- and post-intervention sedentary behaviour
data were available. Objective and self-report data were entered into the review. Objec-
tive data were taken as indicative of sedentary behaviour only where based on direct
observation, or a combined accelerometer—inclinometer device sensitive to both
activity and posture, so as to reliably differentiate between sitting or lying down and
standing (Grant, Ryan, Tigbe, & Granat, 2006). Sedentary behaviour objectively
measured in this way was defined as time spent in minimal energy expenditure, in a
seated or reclined position (SBRN, 2012). Studies in which sedentary behaviour was
objectively estimated only as low physical activity (e.g., low step count) were excluded
(e.g., Andersen, Heostmark, Holme, & Anderssen, 2013; Gardiner, Eakin, Healy, &
Owen, 2011; Gilson, Suppini, Ryde, Brown, & Brown, 2012), as this depicts inactivity,
not sedentary behaviour, identification of which depends on postural allocation
methods. The only eligible self-report sedentary behaviour indices were sitting time
(total waking sitting or domain-specific, e.g., worksite sitting), time spent lying down
while awake, or a combination thereof, though the latter two indices were not found
in any study. While sedentary behaviour has previously been operationalised as time
spent in activities typically done while seated (e.g., TV viewing, computer use; Gardiner,
Clark, et al., 2011; Rhodes, Mark, & Temmel, 2012), studies in which only these beha-
viours were measured were excluded, because they may be performed while active and
so do not reliably denote true sedentary behaviour (e.g., Rovniak et al., 2014). The eli-
gible type of study was peer-reviewed, and published in full text in English. No eligibility
criteria were based on comparisons or type of question asked.

Search procedure

Three search strategies were used. First, potentially eligible references were identified
from two existing reviews of sedentary behaviour reduction interventions (Chau et al.,
2010; Owen et al., 2011). (Two more recent reviews were published after our search
was completed [Prince et al., 2014; Shrestha et al., 2015].) Second, an electronic search
of seven databases (CINAHL Plus, Embase, ISI Web of Knowledge, MEDLINE, Psy-
cArticles Full Text, PsycInfo, SPORTDiscus with Full Text) was undertaken on 25 April
2014. Search filters were applied to each database to specify: interventions to reduce
sedentary behaviour or increase physical activity; intervention evaluation designs; and
exclusion of non-adult and clinical samples. No date limits were set. Example search
terms are provided in Table A1 in Supplemental material. Third, reference lists of eligible
records thus identified were hand-searched for additional papers.

Search results and screening

Searches and screening were undertaken by a health psychologist fully trained in data-
base searching and experienced in systematic reviewing (BG). To estimate screening
reliability, a physical activity epidemiologist (LS) independently screened the titles
and abstracts of 20% of all records returned by the search procedure, and full texts
of 20% of records selected for full-text assessment by the first coder. Title and abstract
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Records identified via cited Records identified via additional
reference searches (n = 8) systematic database searches (n=1276)
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‘ Records after duplicates removed (n = 1194) ‘

'

’ Records screened (n = 1194) ‘

Identification

{

J

Exclusions after screening source, study type, title

or abstract (n=972)
Reasons

- Full-text unavailable (n = 28)

- No sedentary behaviour measure, or ineligible
measure (n = 863)

- No primary quantitative data (n = 37)

Screening

Full-text records assessed for
eligibility (n = 222) Full-text articles excluded (n = 202)
Reasons
- Notin English (n =1)
- No sedentary behaviour measure, or ineligible
measure (n=190)
- No primary data (n = 1)
- Sedentary behaviour changes not reported (n = 1)
- No behaviour change intervention (n = 2)
- Intervention effects not reported (n = 2)
- Qualitative data only (n = 1)
Records included in - Different pre- and post-samples (n = 1)
review (n = 26) - Ineligible sample (n = 3)

Additional records located via hand
searches of eligible records (n = 6)

Eligibility

(e )

Figure 1. Search strategy and screening procedure.

agreement, judged according to whether the selected papers incorporated those
selected by the first coder for inclusion, was 100%, and full-text agreement 98%. Dis-
agreement on one full-text record (2%) was resolved through discussion.

Eight papers were identified from previous reviews (see Figure 1). Database
searches returned 1194 unique records, of which 20 were eligible, from the reference
lists of which a further 6 eligible papers were identified. The final dataset comprised
26 papers.

Additional materials

Corresponding authors were emailed and asked to provide additional information for
coding. Twenty-three authors were approached (including three corresponding for
multiple papers), for two (9%) of whom email addresses were no longer functioning
and could not be traced online. Thirteen (57%) did not respond. Of eight authors
(35%) who did respond, three (13% of all authors) stated that no more information
was available, and five (22%) sent additional material.

Data extraction

Alongside information from the 26 eligible papers, additional detail of the intervention
treatment(s) was coded from: records in open-access trial registries for seven papers
that reported a trial registration reference code; published supplementary materials
(two papers); one or more linked publications cited in the included paper (five
papers); and published and unpublished material provided by authors (four and two
papers, respectively).
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At least 32 data segments were extracted from all material relevant to each paper,
with an additional 14 segments extracted for each additional intervention or control
group. A data extraction form was developed, applied and iteratively refined by a
health psychologist (BG) to ensure adequate data capture. A second health psycholo-
gist (FL) independently coded all available material for seven (27%) randomly selected
papers, using the final data extraction form (Version 9). Inter-coder agreement was
assessed using percentage agreement and kappa (k). Kappa values were interpreted
according to Landis and Koch’s (1977) criteria, whereby x > 0 < .20 denoted slight,
x> .20 < .40 fair, x> .40 < .60 moderate, x > .60 < .80 substantial, and x > .80 almost
perfect agreement. Discrepancies were resolved through discussion.

Study characteristics

Methodological characteristics extracted included country, setting, study design, length of
follow-up(s), the number of arms and interventions, theory basis, and whether the extent
of prior sedentary behaviour was an eligibility criterion. We coded treatments as ‘inter-
ventions’ where they involved any attempt to modify any behaviour (physical activity,
sedentary behaviour, other), to allow for the possibility that sedentary behaviour may
change even where not explicitly targeted. Groups described as ‘control groups’ in pub-
lished papers were therefore coded as intervention groups where they received a behaviour
change treatment. Advice to maintain current behaviour was not deemed a behaviour
change treatment. An extensive coding frame was used to code the theory basis of inter-
ventions (Michie & Prestwich, 2010), but data could only be consistently extracted for
only one item, relating to whether a named theory of behaviour or behaviour change
was mentioned in the Abstract, Introduction or Method section. Prior sedentary behav-
iour was coded as an eligibility criterion where explicitly stated as such, and where partici-
pants were selected on the basis of observed sedentary behaviour levels, or employment in
a sedentary occupation (e.g., seated deskwork). Inter-rater reliability for all methodologi-
cal characteristics was perfect (100%; x = 1).

Sample characteristics extracted were participant description (e.g., employees,
parents), and, for each group, baseline and follow-up sample size, and demographics
(age, gender). Inter-rater reliability was perfect (100% agreement; x = 1).

Study quality was coded using an adaptation of the quality assessment tool used in
Chau et al’s (2010) review of sedentary reduction interventions, which itself was
adapted from a checklist developed, through expert consensus, to capture minimum
quality standards for intervention trials (Verhagen et al., 1998). This tool was
chosen to allow our readers to compare quality scores for studies in this review with
those reported by Chau et al. (2010). Items covered were the following: randomisation
method, treatment allocation concealment, similarity of groups at baseline on physical
activity or sedentary behaviour, specification of eligibility criteria, assessor blinding,
evidence of point estimates and validity of at least one of the sedentary behaviour
measures used to assess intervention promise, and presence of an intention to treat
analys.is.1 Each of the seven items was coded as yes, no, unclear, or not applicable,
and a score of 1 was allocated for each ‘yes’ response, and 0 for all other responses,
producing a 0-7 quality index. This scoring system restricted single-arm study
designs to a maximum score of 3, as only three items were applicable (eligibility cri-
teria, point estimate and validity, and intention to treat). Inter-rater reliability was sub-
stantial (90% agreement; x = .80).
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Outcome data extracted related to whether sedentary behaviour was self-reported
or objectively measured, and, for each group, whether statistically significant within-
or between-group changes were found on any measure of sedentary behaviour at any
follow-up point. Inter-rater reliability was almost perfect (97%; k= .93).

Intervention characteristics

Intervention characteristics, extracted for each treatment, related to the behaviours
explicitly targeted (e.g., physical activity, sedentary behaviour), the behaviour
change that was the primary aim of the intervention (e.g., to increase physical
activity), and the intervention functions and behaviour change techniques used. The
primary behaviour change aim was coded from explicit statements of intervention
purpose where possible. Where no such statement was available, interventions were
assumed to have primarily targeted physical activity, not sedentary behaviour. To
ensure data were extracted where sedentary behaviour was not an explicit target, func-
tions and techniques were coded where used to target sedentary behaviour and/or
physical activity; this ensured that data were extracted where sedentary behaviour
change was not an explicit intervention target.

Intervention functions. Each intervention was coded as performing one or more of
nine functions, using descriptions taken from the Behaviour Change Wheel (Michie
et al., 2011, p. 7): education (‘increasing knowledge or understanding’), persuasion
(‘using communication to induce positive or negative feelings or stimulate action’),
incentivisation (‘creating expectation of reward’), coercion (‘creating expectation of
punishment or cost’), training (‘imparting skills’), restriction (‘using rules to reduce
the opportunity to engage in the target behaviour [or to increase the target behaviour
by reducing the opportunity to engage in competing behaviours]’), environmental
restructuring (‘changing the physical or social context’), modelling (‘providing an
example for people to aspire to or imitate’), and enablement (‘increasing means/redu-
cing barriers to increase capability or opportunity beyond environmental restructur-
ing’). Inter-rater reliability for intervention functions was substantial (83%
agreement, x = .67).

Behaviour change techniques. The Behaviour Change Technique Taxonomy vl1, a
reliable 93-item coding frame (Michie et al., 2013), was used to identify and characterise
techniques present in intervention and comparator treatment descriptions. Each of the
93 behaviour change techniques was given a global rating as either present (1) or absent
(0). The frequency with which techniques were delivered was not coded. Both coders
have extensive experience of coding behaviour change techniques, having coded tech-
niques for published reviews (e.g., Gardner et al., 2010; Martin et al., 2013), and
trained other coders in tutorials, organised by Michie and colleagues, on applying the
Behaviour Change Technique Taxonomy vl to intervention descriptions (see Wood
et al., 2015). To avoid inflating reliability due to agreed absence of most behaviour
change techniques, a conservative estimate was made based only on techniques ident-
ified as present by either coder. Reliability was substantial (92% agreement, x = .83).

Analysis strategy

Given that outcome data indicating change in sedentary behaviour were purposefully
selected to assess intervention potential, meta-analysis was not appropriate. Instead,
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we divided interventions into three categories according to their apparent potential to
reduce sedentary behaviour. Potential was judged according to whether within- or
between-group analyses showed statistically significant reductions in sedentary behav-
iour at one or more follow-up points relative to baseline. Interventions were deemed
‘very promising’ where there were significant reductions in at least one sedentary be-
haviour indicator within the intervention group, and reduction on this indicator was
greater than observed in at least one comparator arm (i.e., control, or another inter-
vention). Interventions were deemed ‘quite promising’ where there were either signifi-
cant declines in at least one sedentary behaviour indicator within the intervention
group, or reduction in at least one sedentary behaviour indicator was greater than
observed in at least one comparator arm. Interventions were deemed ‘non-promising’
where there were neither sedentary behaviour changes within the intervention arm nor
differences in sedentary behaviour change relative to at least one comparator arm.
This classification system was designed to ensure that interventions showing any
promise were coded as such, and that those showing the strongest evidence of
promise were distinguished from those with lesser evidence.

Descriptive and statistical analyses were undertaken to compare intervention
characteristics according to our ratings of promise. Chi-square tests were run to
assess whether interventions that explicitly sought to reduce sedentary behaviour (or
to both reduce sedentary behaviour and increase physical activity) were more promis-
ing than those that did not. Associations between intervention promise and the
number of intervention functions and techniques observed were examined using
one-way ANOVAs, with two sets of planned comparisons, respectively, comparing
very and quite promising against non-promising interventions, and quite promising
against non-promising interventions. 7-values and degrees of freedom were adjusted
where Levene’s test indicated heterogeneity of variance. One-tailed p-values are
reported for all ANOVAs and t-tests.

The potential contribution of intervention functions and behaviour change tech-
niques to intervention promise was judged using a ‘promise ratio’, which was calcu-
lated as the number of (very or quite) promising interventions featuring the function
(or technique) divided by the number of non-promising interventions featuring the
function (or technique) (Martin et al., 2013). Functions and techniques were
deemed promising where used in at least twice as many promising as non-promising
interventions (i.e., promise ratio > 2), and in at least two interventions in total (to
avoid over-interpreting scant data). Where functions or techniques were used only
in (two or more) promising interventions (promise ratio = co), the number of interven-
tions in which they were used was reported instead of the ratio.

Given considerable interest in the potential for reducing sedentary behaviour in the
workplace (Chau et al., 2010; Shrestha et al., 2015), supplementary analyses were run
for interventions conducted in worksite settings. No paper described both worksite
and non-worksite interventions.

Results
Study characteristics

Table 1 summarises study characteristics, and Table A2 in Supplemental material
reports further study detail. The 26 papers reported 26 studies, and 38 interventions.
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Table 1. Summary of study characteristics.

Sample size

Time to final follow-up

All studies (26 studies, 38
interventions)

Combined N =10,355, N range:

12-7804, Median N =44

Range: 5 days—12 months Median:

12 weeks

Number of studies (% all studies)

Studies of worksite-based interventions only

(14 studies, 20 interventions)

Combined N = 1350, N range: 12-454,
Median N =44

Range: 5 days— 12 months Median:
11 weeks

Number of studies (% worksite studies)

Participant descriptions

Study design

Number of arms

Sedentary behaviour measures ( self-
reported [SR] or objective [O])

Employees/office workers
General public, misc

General public, older adults
Parents

Staff and parents

Office workers and students
RCT

Non-RCT

Cluster RCT

Quasi-experiment

Single-arm (pre-post)

l-arm

2-arm (2 interventions)

2-arm (1 intervention, 1 control)
3-arm (2 interventions, 1 control)
Waking sedentary time only (O)
Waking sitting time only (O)
Waking sitting time only (SR)
Worksite sitting time only (O)
Worksite sitting time only (SR)
Waking and worksite sedentary time (O)
Waking and worksite sitting time (O)

14 (54%)
4 (15%)
5 (19%)
1 4%)
1 (4%)
1 (4%)

15 (58%)
2 (8%)
2 (8%)
3 (12%)
4 (15%)
4 (15%)
9 (35%)

10 (38%)
3 (12%)
2 (8%)
1 (4%)

16 (62%)
2 (8%)
3 (12%)
1 (4%)
1 4%)

14 (100%)
0

0

0

0

0

6 (43%)
2 (14%)
1 (7%)
2 (14%)
3 21%)
3 (21%)
4 (29%)
5 (36%)
2 (14%)
0

1 (7%)
6 (43%)
2 (14%)
3 21%)
1 (7%)
1 (7%)

(Continued)
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Table 1. Continued.

Sample size

Time to final follow-up

All studies (26 studies, 38
interventions)

Combined N =10,355, N range:
12-7804, Median N =44

Range: 5 days—12 months Median:

12 weeks

Number of studies (% all studies)

Studies of worksite-based interventions only

(14 studies, 20 interventions)

Combined N = 1350, N range: 12-454,
Median