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Abstract

Background: Ecological models are currently the most used approaches to classify and conceptualise determinants
of sedentary behaviour, but these approaches are limited in their ability to capture the complexity of and interplay
between determinants. The aim of the project described here was to develop a transdisciplinary dynamic framework,
grounded in a system-based approach, for research on determinants of sedentary behaviour across the life span and
intervention and policy planning and evaluation.

Methods: A comprehensive concept mapping approach was used to develop the Systems Of Sedentary behaviours
(SOS) framework, involving four main phases: (1) preparation, (2) generation of statements, (3) structuring (sorting and
ranking), and (4) analysis and interpretation. The first two phases were undertaken between December 2013 and
February 2015 by the DEDIPAC KH team (DEterminants of Dlet and Physical Activity Knowledge Hub). The last
two phases were completed during a two-day consensus meeting in June 2015.
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Results: During the first phase, 550 factors regarding sedentary behaviour were listed across three age groups
(i, youths, adults and older adults), which were reduced to a final list of 190 life course factors in phase 2 used during
the consensus meeting. In total, 69 international delegates, seven invited experts and one concept mapping consultant
attended the consensus meeting. The final framework obtained during that meeting consisted of six clusters of
determinants: Physical Health and Wellbeing (71 % consensus), Social and Cultural Context (59 % consensus), Built
and Natural Environment (65 % consensus), Psychology and Behaviour (80 % consensus), Politics and Economics
(78 % consensus), and Institutional and Home Settings (78 % consensus). Conducting studies on Institutional
Settings was ranked as the first research priority. The view that this framework captures a system-based map of
determinants of sedentary behaviour was expressed by 89 % of the participants.

Conclusion: Through an international transdisciplinary consensus process, the SOS framework was developed for
the determinants of sedentary behaviour through the life course. Investigating the influence of Institutional and
Home Settings was deemed to be the most important area of research to focus on at present and potentially the

most modifiable. The SOS framework can be used as an important tool to prioritise future research and to develop

policies to reduce sedentary time.

Keywords: Sitting, Sedentary behaviour, Determinants, Youth, Adults, Older adults, Ageing, Life-course, System-based
approach, Environment, Concept mapping, Policy, Europe, Public health

Background

The Sedentary Behaviour Research Network defines seden-
tary behaviour (SB) as “any waking activity characterized
by an energy expenditure 1.5 metabolic equivalents while
being in a sitting or reclining posture” [1]. In modern soci-
ety, adults and children increasingly spend extended pe-
riods of time sedentary at home, at work, in education, and
during transport and leisure [2]. Recent evidence shows
that extended periods of sitting have a negative impact on
health and wellbeing, and are associated with risk of devel-
oping chronic diseases such as type 2 diabetes, cardiovas-
cular diseases, osteoporosis, breast and colon cancer, and
with premature death [3—10]. The problem of spending
too much time in SB has been documented in children of
all ages [11-13], adults [14] and older adults [15—17],
which clearly shows the need of tackling this emerging
public health problem across the life span. The European
Joint Programme Initiative for action on diet, physical
activity and health (DEDIPAC) [18] aims to address the
global growing trend in physical inactivity [19] and in-
creased sedentary time [2] and their associated social and
economic cost. The objective of DEDIPAC is to create a
unified transdisciplinary vision among stakeholders to
foster meaningful breakthroughs in the understanding of
the determinants of SB necessary to the development of
programs, public health campaigns and policies to reduce
SB [20].

Time spent sedentary is influenced and conditioned by
multiple inter-dependent factors acting on multiple levels.
To date, few and a very narrow range of factors focussing
mostly on individual factors have been thought of or iden-
tified and even fewer investigated [21—24]. One of the chal-
lenges is to develop a common model and framework to
guide future transdisciplinary research in the identification

of key modifiable factors or cluster of factors and their in-
teractions. This is essential to enable stakeholders and pol-
icy makers to plan and develop effective and sustainable
solutions to reduce SB through the life course.

Currently, a single conceptual model has been proposed
to facilitate the exploration of determinants of SB [20]. It is
based on the social ecological framework [25—-27] which
theorises behaviour as result of the interplay between a per-
son and his or her environment formed of nested spheres
of influences. Ecological models commonly consider; indi-
vidual (e.g., biological, psychological, behavioural aspects),
interpersonal (e.g., family, friends, social networks), physical
environment (e.g. access to facilities), and public policy
factors (e.g., national, local laws and organisational rules)
spheres [25—27]. The ecological model of SB provide a use-
ful overview and enable to class determinants in different
level of influence but has limitation for transdisciplin-
ary research inherent to all ecological models [27]. First
the ecological model of SB was developed on a theoret-
ical basis from a single ontological view point rather
than by using a formal methodology to engage multi-
disciplinary views. Consequently, it does not provide a
shared model emerging from transdisciplinary emi-
nence and evidence. Second, while ecological models
were a real breakthrough in acknowledging the com-
plexity of the determinants of health behaviour, they
rest on the epistemological assumption of hierarchical
dependencies between spheres of influence. This limits
their ability to fully capture the complexity of specific
behaviours or understand the complex interplay be-
tween determinants [25—27]. Therefore the relationship
between different determinants and in particular those
at the more proximal and distal levels is not mapped.
Finally, their applications to public health research in
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the last 20 years have focussed the attention of inter-
vention and epidemiological research primarily on indi-
vidual characteristics, with mitigated results because,
conceptually, they place the individual at the centre
[27]. Three systematic reviews conducted by the DEDI-
PAC KH indeed clearly show that the vast majority of
research has focused on individual factors and has
mostly neglected distal factors [21—-24]. Consequently
there is a need to develop a more agnostic framework
based on transdisciplinary views, different conceptual
approach and a formal methodology.

A system-based approach has been advocated as useful
alternative, to overcome the limitations of an ecological
models [23, 28, 29]. A system-based approach focusses
on the interrelationship of parts (i.e., subsystems) and
their dynamic functioning as a whole (i.e., system), ra-
ther than the individual. It incorporates the relationship
between distal and proximal factors at different scales
from micro to macro in the context of determinants and
has received growing interest as a new paradigm for
public health, with notable examples such as the Fore-
sight model of obesity [30].

Therefore, the aim of this project was to fulfil the ob-
jective of DEDIPAC KH (DEterminants of Dlet and
Physical Activity Knowledge Hub) [18] of creating a
shared transdisciplinary system-based framework of the
determinants of SB, using a formal methodology mer-
ging transdisciplinary evidence and eminence.

The purpose of this framework is to 1) foster transdis-
ciplinary system thinking,2) facilitate the identification
of factors and cluster of factors influencing SB and 3)
guide secondary analyses of existing data, 4) prioritise
research and guide targeted interventions and policy.

Methods

Design

We used a structured consensus protocol based on con-
cept mapping [31]. Concept mapping is a standardised
mixed method, which combines qualitative opinions
with multivariate statistical analysis to enable a group to
gather and organise ideas into a conceptual framework.
Concept mapping was originally designed for program
evaluation and planning [32] but has also proven to be
an effective method for synthesising expert opinions. It
is particularly suited for defining and conceptualising
complex public health systems with many interacting
parts acting at different scales [28, 29, 33, 34]. Concept
mapping involves four main phases (Fig. 1): (1) prepar-
ation, (2) generation of statements, (3) structuring
(sorting and ranking), (4) analysis and interpretation.
Details of the implementation of each of these phases
are given below. The preparation and generation of
statements were undertaken by the DEDIPAC KH team
on Determinants of SB between December 2013 and
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February 2015. The structuring, analysis and interpret-
ation phases were achieved during a two day consensus
meeting in June 2015.

Framework objectives and criteria
During the preparation phase, the following aims were
set for the framework.

- Capture broad scientific transdisciplinary thinking.

- Gather an exhaustive list of all known factors and all
potential factors (new factors and those for which
evidence might be indecisive or not investigated at
present).

- Organise these factors into a system that captures
their thought relationship.

- Highlight areas of priority and modifiability within
this system.

To achieve these aims, the protocol was set to adhere
to the criteria below.

- The framework must emerge from a broad
transdisciplinary scientific consensus.

- The framework must be as agnostic as possible.

- The framework must be as exhaustive as possible.

- The framework must be based on a structured
process and sound methodology.

Preparation
During the preparation phase, the aims of the framework
were defined by the DEDIPAC KH team in line with a
set of criteria that the framework had to fulfil. Relevant
literature about concept mapping [31, 32] and system-
based approaches [33, 35] was shared amongst the team
beforehand to increase capacity and a common under-
standing. A common terminology and common defini-
tions of important terms were developed and distributed
to facilitate multidisciplinary communications. In particu-
lar, the concept mapping jargon was modified to align
with the aim of the project. Concept mapping is based on
a set of “statements”, since the aim of the project was to
define a system-based model of determinants we replaced
the term “statement” by the term “factor” as the most
agnostic word to qualify an entity associated with SB (e.g.,
determinant, correlate, moderator, mediator). The Seden-
tary Behaviour International Taxonomy was adopted to
provide common definitions of SB [36].

Finally, a protocol was established to structure and
standardise the whole process and a guide detailing how
to contribute was written for the participants [37].

Generation of the list of factors
The list of factors was established through an iterative
process combining eminence and evidence through the
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Fig. 1 The concept mapping process

J

use of three sources of information: expert opinion of
the DEDIPAC KH team on determinants of SB, three
systematic reviews of determinants of SB produced by
the same team [21—24] and expert opinion of the DEDI-
PAC KH team working on social inequality and ethnic
minority populations. The latter input ensured that the
emerging framework also accounted for social and eth-
nic diversity in populations and factors specific to ethnic
minorities, vulnerable groups and socially disadvantaged
strata of society.

The DEDIPAC KH team on the determinants of SB
was asked to individually establish exhaustive lists of fac-
tors that they thought could influence SB. Participants
were encouraged to go beyond the current evidence base
and capture all potential factors they could think about
whether they had been investigated or not. To facilitate
this process, individuals developed lists using categories
based on the ecological model of SB [38] separately for
youths (below the age of 18), adults and older adults
(people aged 65 and over). Individuals then worked in
teams within their institutions to produce “free hand”
diagrams of how these factors might be interconnected
using graphical software (PREZI).

In these diagrams, participants were asked to code
their views of the direction, empirical and theoretical
strength of the relationship through the colour and
thickness of arrows linking factors. This was to encour-
age participants to start structuring factors into a system
thinking approach, harvest a wide variety of potential
factors and map relationships between factors. These
diagrams were analysed and synthesised using a brand

concept mapping technique [39] into one diagram
(Fig. 2) and one list of factors was generated for each
age group, namely for youth, adult and older adult
populations.

In September 2014, the DEDIPAC KH team on deter-
minants of SB met for a workshop and undertook a con-
cept mapping exercise aimed at reducing the size of the
list of factors, evaluating concept mapping software and
piloting the procedure of the main consensus event.
During the meeting, the team sorted factors into related
clusters and rated the factors’ modifiability, theoretical
effect size and priority for research, a five point Likert
scale. The statistical analysis and interpretation of the
resulting concept maps produced three lists of ranked
factors (one for each age group), which were then
merged into a single life-course list. This list was then
enriched with factors identified to be especially relevant
to social inequality and ethnic minority populations by
the DEDIPAC KH team working on this. Finally, the
findings from the three systematic reviews [21-23] com-
plemented the list. Duplicates were then removed. A
three round Delphi process amongst the DEDIPAC KH
team on determinants of SB yielded the final list of fac-
tors, each with a precise wording and an accompanying
definition, both of which were used in the main consen-
sus concept mapping event.

Consensus event

The consensus event was held at Glasgow Caledonian
University, Scotland, on June 8" and 9™ 2015, as a satel-
lite meeting to the International Society of Behavioural
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Fig. 2 Example for illustration of free hand system map drawn by experts

Nutrition and Physical Activity annual conference. Open
invitations to take part were issued through relevant net-
works and scientific societies (e.g. DEDIPAC, Sedentary
Behaviour Research Network, International Society of
Behavioural Nutrition and Physical Activity, Health En-
hancing Physical Activity, International Society for the
Measurement of Physical Behaviour, European Associ-
ation for the Study of Obesity), as well as direct contact
to known experts.

This meeting was facilitated by the DEDIPAC KH
team on determinants of SB, an expert working group
and a concept mapping consultancy (Minds21). Concept
mapping expertise was provided by Minds to One a con-
sultancy company which developed and online concept
mapping tool called Ariadne (www.minds21.org). An Ex-
pert Working Group was recruited amongst to represent
expertise in system-based approach, sedentary behaviour
in different age groups and settings. The responsibility
of the Expert Working Group was to offer eminence,

provide a critical overview, facilitate debates and assist
the DEDIPAC KH in summarising the concept mapping
exercise. Before the meeting, all participants received a
document explaining its aim and procedure, a reading
list of relevant literature on system-based approach and
concept mapping, common terminology and definitions,
and the list of factors with their definitions. The event
was video recorded to enable analysis of any inconsisten-
cies. The meeting opened with members of the Expert
Working Group giving their opinion about a system-
based approach and determinants of SB. The DEDIPAC
KH presented the results of the three systematic reviews
of determinants of SB in youths, adults, and older adults
[21-24]. In addition, the findings of a mapping review of
determinants specific to social inequality and ethnic mi-
nority populations were presented. The procedure, com-
mon terminology and list of factors were explained and
discussed in an open question and answer plenary ses-
sion before the sorting and ranking of the factors began.
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