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Abstract
In the last decade, studies into sedentary behaviour in inflammatory arthritis have raised important questions regarding its role in this condition.
Specifically, evidence is needed on whether sedentary behaviour might exacerbate adverse inflammatory arthritis outcomes, and whether reducing
sedentary behaviour might offer an effective avenue for self-management in this population. Research exploring these important research ques-
tions is still very much in its infancy and lacks the direction and scientific rigour required to inform effective intervention design, delivery and evalua-
tion. Behavioural epidemiology refers to research that aims explicitly to understand and influence health behaviour patterns to prevent disease and
improve health. To this end, the Behavioural Epidemiology Framework specifies a focused approach to health behaviour research, which leads
to the development of evidence-based interventions directed at specific populations. In this review, we introduce the Behavioural Epidemiology
Framework in the context of research into sedentary behaviour in inflammatory arthritis and ask: where are we, and where do we need to go?

Lay summary
What does this mean for patients?
In the last few years, an increasing amount of research has started to investigate the links between sedentary behaviour, or sitting time, and
health among people living with inflammatory arthritis. Overall, this research provides an initial indication that people living with inflammatory
arthritis who spend more time sitting (and expending little energy) might experience worse outcomes, such as increased pain, fatigue and poorer
physical function. However, there is still very little research being carried out in this area, and the research that has been done to date is very
varied with regard to the scientific approach taken and the outcomes that have been studied. A more focused and systematic approach to
research in this area is needed, so that researchers approach questions regarding the role of sitting time in inflammatory arthritis in the same
way. In this way, we can generate a larger body of scientific evidence that can be used to design new ways, or interventions, that are more likely
to help people living with inflammatory arthritis to reduce their sitting time and improve their health. In this article, we introduce a systematic ap-
proach to research that can be applied to understand how sitting time might be related to inflammatory arthritis-specific outcomes and overall
health, in order to design these interventions. In introducing this approach, we highlight studies into sitting time in inflammatory arthritis that
have already been conducted, and outline the research that we propose needs to be done to move this scientific field forward.

Keywords: sedentary behaviour, sitting, behavioural epidemiology, inflammatory arthritis, intervention

Introduction

Prospective observational evidence from the general popula-
tion suggests that high levels of sedentary behaviour (waking
activities in a seated or reclining posture, requiring �1.5 met-
abolic equivalents) [1] are linked to increased risk for all-
cause and cardiovascular mortality, some cancers, and to

increased incidence of type 2 diabetes and heart disease [2, 3].
This is especially the case for individuals who are not achiev-
ing recommended levels of moderate-to-vigorous physical ac-
tivity (MVPA; activity �3 metabolic equivalents) [4, 5]. An
accumulating body of experimental evidence also suggests
that the pattern in which sedentary time is accumulated might

Key messages

• Research into sedentary behaviour in inflammatory arthritis is dominated by cross-sectional studies, using heterogeneous methodologies.

• The Behavioural Epidemiology Framework outlines a sequential approach to research, to inform effective intervention design.

• More studies on sedentary behaviour in inflammatory arthritis should use experimental designs, validate measures and explore determinants.
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have implications for cardiovascular and cardiometabolic
health [6–8]. Specifically, prolonged and uninterrupted peri-
ods of sedentary time (sedentary bouts, e.g. �30 minutes of
continuous sitting) are linked to poorer outcomes.
Conversely, frequently breaking up sedentary time (sedentary
breaks, e.g. with standing or light physical activity every
30 minutes) is associated with better outcomes [7, 9, 10].

Drawing from existing evidence, international guidelines
now outline the importance of reducing sedentary time for
health. Importantly, the most recent message is that health
benefits can be achieved through increasing engagement in
any intensity of physical activity, including both light physical
activity (1.6–2.9 metabolic equivalents) and MVPA [2]. In es-
sence, the underlying message advocated by health organiza-
tions across the world is to ‘move more’ [11–13]. The
recommendation to ‘move more’ offers some important op-
portunities for encouraging meaningful, health-enhancing
physical activity behaviour change. This is particularly true
for clinical populations, who can find being physically active
(and in particular, MVPA) a challenge.

A movement profile of both high sedentary behaviour and
low MVPA is highly prevalent among people living with in-
flammatory arthritis [14–17]. When considering these move-
ment behaviours, much of the focus in inflammatory arthritis
has been on understanding the benefits of MVPA, in the form
of structured exercise [18]. For example, a basic search of the
scientific literature in March 2022 (via PubMed), returns
nearly 11 000 results for ‘exercise and inflammatory arthritis’.
Conversely, the terms ‘sedentary time and inflammatory ar-
thritis’ retrieve only �300 articles. Nevertheless, although the
evidence for the benefits of MVPA in inflammatory arthritis is
unequivocal [e.g. linked to improved symptoms, lower disease
activity, reduced cardiovascular disease (CVD) risk and fewer
hospital admissions], systematic reviews suggest that uptake
of and sustained adherence to MVPA and exercise interven-
tions in inflammatory arthritis is problematic [18, 19].
Common barriers to MVPA and exercise in inflammatory ar-
thritis include compromised physical function, symptoms (e.g.
pain and fatigue) and fear of disease progression [20, 21]. As
such, it might be the case that people living with inflammatory
arthritis are more likely to engage with interventions that aim
to support them to reduce their sedentary behaviour by ‘mov-
ing more’ and increasing their overall physical activity.

Based on the aforementioned epidemiological evidence, it
could also be argued that not only might ‘moving more’ be
more achievable than MVPA, but people living with inflamma-
tory arthritis might stand to gain considerable health benefits
by adopting interventions that aim to reduce sedentary time
[22, 23]. However, this assumption is based on research con-
ducted in the general population, and existing findings cannot
be generalized to people living with inflammatory arthritis.

At present, research examining the role of sedentary behav-
iour in inflammatory arthritis is very much in its infancy. The
majority of existing studies in this domain have used cross-
sectional designs to examine associations between sedentary
behaviour and various inflammatory arthritis outcomes,
including inflammatory arthritis symptoms (e.g. pain and
fatigue), clinical markers of disease activity and associated co-
morbidities, such as CVD [22, 24]. More recent studies have
begun to test interventions targeting sedentary behaviour in in-
flammatory arthritis, providing initial insight into the potential
value of reducing sedentary behaviour for health in this patient
group [25, 26].

However, there still remain several gaps in our understand-
ing, and there is a lack of causal, experimental research to in-
form effective intervention approaches. For example, we
currently do not know which outcomes are likely to change in
response to reducing sedentary behaviour, nor the ideal
amounts and patterns of sedentary behaviour (and physical ac-
tivity) in relationship to these outcomes. The potential physio-
logical mechanisms through which sedentary behaviour might
act in inflammatory arthritis are also unknown. It could be the
case that the disease aetiology of inflammatory arthritis signifi-
cantly impacts the physiological mechanisms hypothesized to
explain the link between sedentary behaviour and increased
risk of disease and mortality in non-inflammatory arthritis
populations (e.g. inflammatory pathways, haemodynamic and
atherosclerotic processes) [27, 28]. Accordingly, further inves-
tigations are required to develop our understanding of exactly
how sedentary behaviour might be relevant in inflammatory
arthritis (how much, which inflammatory arthritis outcomes
are impacted, and the cause and effect mechanisms). From a
psychological standpoint, we also lack knowledge regarding
the specific (and modifiable) determinants of sedentary time,
which is pivotal to our understanding of how we can support
sedentary behaviour change effectively. Together, the informa-
tion garnered via these research avenues will be crucial in de-
veloping targeted recommendations and interventions with
true potential to improve inflammatory arthritis outcomes.

A systematic approach to research on sedentary behaviour in
inflammatory arthritis is required to bring this evidence together
in a meaningful way, and to inform evidence-based interventions.
The Behavioural Epidemiology Framework offers one such ap-
proach, setting out several research phases that facilitate identifi-
cation of knowledge gaps in the evidence base that are critical to
address prior to intervention development and evaluation [29].
These phases concern: (1) establishing links between behaviour
and health, (2) measurement of the behaviour, (3) identifying fac-
tors influencing the behaviour (determinants), (4) interventions
and (5) translation into practice (Fig. 1). Although somewhat lin-
ear, the relationships between phases are reciprocal and overlap,
such that: (1) research evidence on measurement informs investi-
gations into the links between behaviour and health, and (2)
data from interventions (informed by research on determinants)
can feed back to tell us more about the salience of the targeted
determinants. What is crucial, is that research in each phase is
conducted in the population of interest (e.g. inflammatory arthri-
tis). As a result, where interventions are informed by methodical
research evidence adhering to this framework, we can have confi-
dence that they consider the unique characteristics (e.g. physiol-
ogy and psychology) of that population. Consequently, they are
likely to have greater potential to demonstrate success in promot-
ing meaningful behaviour change (i.e. of clinical relevance).

In this review, each phase of the Behavioural Epidemiology
Framework is discussed in relationship to research on seden-
tary behaviour in inflammatory arthritis. Key research find-
ings in each phase are highlighted to elucidate where we are
and ‘where we need to go’, with the aim of guiding research-
ers to develop rigorous, evidence-based interventions target-
ing sedentary behaviour in inflammatory arthritis.

Phase 1: links between behaviour and health

The Behavioural Epidemiology Framework advocates that
interventions should be based on evidence from population-
specific research that demonstrates a link between the
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targeted behaviour (e.g. sedentary behaviour) and health out-
comes [29]. Where interventions are guided by this knowl-
edge, they are more likely to lead to meaningful behaviour
change (i.e. change in the targeted behaviour is expected to
lead to change in the targeted outcome). Developing interven-
tions based on only an assumption that the target behaviour
and health outcomes are associated (e.g. owing to findings
generalized from other relevant populations) can prove futile.
For example, if there is no evidence to suggest that reducing
sedentary behaviour improves pain in inflammatory arthritis,
on what grounds can we advocate for developing an interven-
tion with this aim?

Where are we?

Most current sedentary behaviour research in inflammatory ar-
thritis has been conducted in people living with rheumatoid ar-
thritis (RA). The majority of this research is summarized in a
review published in 2018, which describes studies demonstrat-
ing links between sedentary behaviour and RA disease activity,
functional disability, muscle density, bone mass and CVD risk
[22]. Since 2018, research in RA has evolved to investigate a
broader array of outcomes (e.g. pain, fatigue), suggesting that
sedentary behaviour overall is linked to poorer physical and
psychological health in people living with RA [30–32].

Beyond RA, relatively less research has examined the role
of sedentary behaviour in other types of inflammatory arthri-
tis, such as systemic lupus erythematosus (SLE), ankylosing
spondylitis (AS) or psoriatic arthritis (PsA). Overall, the lim-
ited available evidence has largely focused on assessing levels
and patterns of sedentary behaviour in SLE, AS and sjogren’s

syndrome (SS) [14, 17, 33, 34]. A few studies have also exam-
ined associations between sedentary behaviour and indicators
of CVD, sleep, physical function, quality of life and disease
activity. Specifically, two studies have revealed sedentary be-
haviour to be linked to higher overall CVD risk scores [35]
and arterial stiffness [36] in SLE. One study has reported
higher sedentary behaviour to be associated with markers of
sleep dysfunction in people living with SLE [37], and in AS,
higher sedentary behaviour has been observed to be related to
lower physical function and quality of life [16], in addition to
higher disease activity [38].

Where do we need to go?

Taken as a collective body of evidence, research into seden-
tary behaviour in inflammatory arthritis is only beginning.
Even in RA, studies examining links between sedentary be-
haviour and aforementioned outcomes are typically limited in
number (e.g. one or two studies per outcome) and still marked
by several methodological shortcomings and inconsistencies,
namely regarding a reliance on self-reported measures of sed-
entary behaviour (see phase 2, measurement), small samples
and cross-sectional study designs [22]. Although this makes it
difficult to draw definitive conclusions regarding the implica-
tions of sedentary behaviour for these conditions, research ev-
idence leans towards the suggestion that sedentary behaviour
might contribute to poorer health in inflammatory arthritis.
However, carefully designed, sufficiently powered, prospec-
tive and experimental research is crucial to confirm the extent
to which sedentary behaviour might impact different inflam-
matory arthritis outcomes.

Figure 1. The Behavioural Epidemiology Framework in the context current of sedentary behaviour research among people living with inflammatory

arthritis
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Prospective studies with large samples and using validated
measures of sedentary behaviour, will provide some initial in-
sight into what happens to inflammatory arthritis outcomes
when we observe changes in sedentary behaviour. Prospective
studies also enable exploration of the interdependence between
sedentary behaviour and other behaviours within the movement
continuum (e.g. sleep, light physical activity and MVPA) to bet-
ter understand how these behaviours relate to one another, and
their potential independent and combined associations with in-
flammatory arthritis outcomes. For example, isotemporal sub-
stitution or compositional data analysis can be used to explore
the extent to which theoretically replacing sedentary behaviour
with another movement behaviour might be associated with
changes inflammatory arthritis health indicators.

A recent prospective study in RA examined how changes in
sedentary time over 6 months, was associated with changes in
pain and fatigue. Although this study did not employ the
aforementioned analytical approaches (e.g. isotemporal sub-
stitution), sedentary time was measured using a validated de-
vice (the activPAL, PAL Technologies, Glasgow, UK), and
advanced statistical modelling (path analysis) was used to ex-
amine whether the relationships between sedentary time and
both pain and fatigue were bi-directional. The results revealed
that changes in sedentary time demonstrated a significant pos-
itive association with changes in pain and fatigue (i.e. more
sedentary time is associated with more pain and fatigue) and
that these associations were reciprocal, suggesting that seden-
tary time might represent both a cause and a consequence of
pain and fatigue in RA [30]. Such findings highlight the im-
portance of conducting hypothesis-driven experimental re-
search, via which the potential causal role of sedentary
behaviour in these relationships can be better established.

Laboratory-based experimental studies examining the acute
physiological responses to sedentary behaviour will address
this need and provide important insight into the mechanisms
underlying the links between sedentary behaviour and different
inflammatory arthritis outcomes. To date, several mechanisms
have been proposed to underlie the adverse relationship be-
tween sedentary behaviour and health in non-inflammatory ar-
thritis research [28], including impaired vascular function [39,
40] and decreased lipoprotein lipase activity (and clearance of
triglycerides) [27, 41, 42], both of which might provoke delete-
rious reciprocal associations with systemic inflammation.
Discussion of such mechanisms is beyond the scope of this re-
view, but ultimately, experimental evidence suggests that ad-
verse changes to these biological pathways can be attributed to
the absence of skeletal muscle contraction during sedentary be-
haviour [27, 28].

Research examining the specific pathophysiological path-
ways through which sedentary behaviour might influence in-
flammatory arthritis outcomes is yet to be conducted. Such
work will contribute an important piece of the puzzle regard-
ing the role played by sedentary behaviour in this patient
group. Laboratory-based mechanistic research will also be vi-
tal in advancing our understanding of the amounts of change/
reduction in sedentary behaviour that will be likely to result
in changes in inflammatory arthritis outcomes, and whether
this is independent of other health-related factors (e.g. age,
sex, disease activity and adiposity) and levels of physical ac-
tivity. The latter is especially important; research examining
sedentary behaviour mechanisms in the context of interde-
pendent physical activity behaviours is crucial to inform effec-
tive intervention design [28]. For example, examining the

physiological responses that occur when sedentary time is re-
duced via different patterns of physical activity (e.g. replaced
by, or broken up by standing vs light physical activity vs
MVPA) and whether mechanistic pathways differ or overlap,
will be vital in determining whether ‘moving more’ is suffi-
cient to improve outcomes in inflammatory arthritis.

To date, one laboratory-based experimental study has
sought to address this knowledge gap, and exemplifies ‘where
we need to go’ with research addressing the first phase of the
Behavioural Epidemiology Framework. Pinto et al. [43] com-
pared the acute effects of prolonged sitting vs active breaks in
sitting vs moderate-to-vigorous exercise on cardiometabolic
risk markers in RA. In this cross-over study, 15 women with
RA underwent three 8-h experimental conditions: prolonged
sitting (SIT); a 30-minute bout of moderate-to-vigorous exer-
cise followed by prolonged sitting (EXERCISE); and 3-minute
bouts of light-intensity walking every 30 minutes, to break up
sitting (SEDENTARY BREAKS). Their results revealed that
glucose, insulin and C-peptide postprandial responses were
attenuated in the SEDENTARY BREAKS condition com-
pared with the SIT condition. In addition, inflammatory cyto-
kine [Interleukin-1b (IL-1b) and Tumour Necrosis Factor-
alpha (TNF-a)] concentrations decreased during the
SEDENTARY BREAKS conditions, compared with increases
seen during EXERCISE. The authors concluded that brief ac-
tive breaks in sitting with light-intensity activity might offset
markers of cardiometabolic disturbance. The findings of
Pinto et al. [43] provide the first evidence that replacing sed-
entary time with periods of light physical activity (and ‘mov-
ing more’) might produce meaningful changes in important
inflammatory arthritis outcomes. This research also aligns
with the body of evidence to suggest that sedentary time
might play a particularly important role in CVD risk for this
population [15, 31, 44].

Findings from laboratory-based experimental research will
provide crucial knowledge to ensure that longer-term free-liv-
ing sedentary behaviour change interventions are designed
with greater potential to lead to clinically meaningful changes
in inflammatory arthritis outcomes. Specifically, mechanistic
findings, such as those outlined above, can be used to inform
the selection of inflammatory arthritis outcomes in free-living
interventions. This is based on the premise that over time (e.g.
�12 weeks), long-term reductions in daily sedentary behav-
iour might culminate in longer-lasting changes in the clinical
end-points related to the identified mechanisms (e.g. endothe-
lial dysfunction causing atherosclerosis and related cardiovas-
cular co-morbidity). Indeed, free-living interventions will
provide crucial insight into the impact of sustained changes in
sedentary behaviour over time for people with inflammatory
arthritis, and shed light on the potential clinical efficacy of dif-
ferent approaches. For example, a free-living intervention
based on the study by Pinto et al. [43] could encourage people
with RA to break up their sitting every 30 minutes with light-
intensity physical activities. Outcomes would include bio-
markers of cardiometabolic health.

Phase 2: measurement of the target behaviour

The Behavioural Epidemiology Framework specifies a recip-
rocal relationship between phase 1 (links) and phase 2 (mea-
surement), such that knowledge regarding accurate
measurement of sedentary behaviour is crucial to inform re-
search into links between sedentary behaviour and health,
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and vice versa; that is, insight into specific sedentary behav-
iour patterns/domains linked to health in inflammatory ar-
thritis, can inform more targeted research into validation of
measures that can assess these patterns and domains more
accurately.

Current measurement techniques in sedentary behaviour re-
search are split broadly into self-report and device-based
measures. Self-report methods encompass questionnaires (e.g.
international physical activity questionnaire (IPAQ) [45]) and
diaries (e.g. Bouchard physical activity record [46]). Device-
based measures include accelerometers and posture sensors,
which afford the ability to monitor free-living sedentary time
continuously through changes in body accelerations or
posture.

Where are we?

Questionnaires have been used most frequently to measure
sedentary behaviour in inflammatory arthritis in research to
date, perhaps owing to their ease of application and relatively
low cost and participant burden [47]. However, question-
naires are subject to social desirability bias and inaccuracies
in participant recall, and have been criticized owing to the ten-
dency of participants to under-report levels of sedentary be-
haviour [48]. For example, Yu et al. [49] used Bland–Altman
analysis to compare the agreement between IPAQ vs
accelerometer-assessed sedentary time in people with RA. The
authors discovered that patients underestimated sedentary
time when responding to the IPAQ, when compared with the
study criterion of accelerometry.

Relative to questionnaires, accelerometers offer a more ob-
jective approach to measurement of sedentary time, and devi-
ces such as the Actigraph (Actigraph, Florida, USA) and
GENEActiv (Activinsights, Cambridgeshire, UK) are being
used increasingly in studies of inflammatory arthritis [14, 50–
52]. Accelerometers work by capturing raw acceleration data
that are analysed to quantify sedentary time on the basis of
low acceleration/movement. Currently, the majority of scien-
tists use research-grade accelerometers and rely on the manu-
facturer’s software and proprietary algorithms (e.g. Actilife
and Activinsights) to reduce the complexities of processing
large volumes of raw accelerometer data [53, 54]. In general,
software provided by manufacturers works by compressing
raw data to generate a metric termed ‘activity-counts’.
Validated thresholds or ‘cut-points’ (typically developed using
the criterion of indirect calorimetry) can then be applied to
these activity-counts to define periods of sedentary time and
physical activity spent at different intensities [55, 56]. A com-
mon cut-point used to define sedentary time is <100 activity-
counts per minute [57, 58].

From the early 2000s, studies started to use accelerometers
to measure physical activity in arthritic populations, with an
exponential increase seen over the last decade [14, 17, 22,
59]. Interest directed toward sedentary behaviour in inflam-
matory arthritis emerged only �6–7 years ago, and until re-
cently, accelerometers had not been validated specifically for
measurement of sedentary time (or physical activity) in people
living with inflammatory arthritis [22]. Instead, researchers
have largely relied on algorithms built into the manufacturer’s
software to analyse their data (e.g. activity-count based accel-
erometer cut-points), which have been developed in validation
studies of healthy adults [56, 57]. This is particularly prob-
lematic when we consider that the physiology and associated
activity patterns of people living with inflammatory arthritis

are likely to differ substantially from those among healthy
adults in the general population. For example, relative to non-
inflammatory arthritis populations, the higher basal meta-
bolic rate characteristic of inflammatory arthritis means that
a lower accelerometer cut-point is likely to correspond to
MVPA in this patient group [60]. Therefore, the current ‘one
size fits all’ approach to measurement of free-living sedentary
behaviour might have resulted in inaccurate estimates of sed-
entary time, impacting the precision of existing research into
sedentary behaviour in inflammatory arthritis [61].

Where do we need to go?

To make progress in this field, inflammatory arthritis-specific
analytical approaches to sedentary time (and physical activity)
measurement are required. Studies in RA are again leading
the way in this regard, with researchers beginning to validate
device-based measures of sedentary time in this population
[58, 62]. In regards to accelerometry, O’Brien et al. [58] re-
cently published the first study to validate a popular research-
grade accelerometer in people living with RA. In their study,
the Actigraph GT3Xþ accelerometer was validated against
indirect calorimetry to develop RA-specific triaxial accelerom-
eter activity-count based cut-points for measuring sedentary
time, light- and moderate-intensity physical activity in RA
[58]. In the same study, a field-based validation protocol ex-
amined the validity of the RA-specific triaxial sedentary time
cut-point, compared with the widely used non-RA uniaxial
sedentary time cut-point of <100 counts per minute [57]. The
results revealed that the RA-specific cut-point was a more
valid alternative to the non-RA sedentary time cut-point,
highlighting the need to validate accelerometers in other in-
flammatory arthritis populations to ensure more accurate
measurement of sedentary time in these patient groups.

Although the study by O’Brien et al. [58] offers an encour-
aging move towards the adoption of validated, inflammatory
arthritis-specific measurement methods, there are still some
important analytical considerations to highlight. First, while
no other inflammatory arthritis-specific accelerometer cut-
points are available, inflammatory arthritis researchers are
limited to applying either those developed for people living
with RA (i.e. O’Brien et al. [58]) or those developed in
non-inflammatory arthritis populations. Second, even where
inflammatory arthritis-specific accelerometer cut-points are
developed, in the absence of expertise in computer science (or
related fields), researchers are still likely to require manufac-
turer’s software (and proprietary algorithms) to analyse their
activity-count based data. Although this can offer a somewhat
simplified approach to analysis, the algorithms used to
calculate activity-counts are often protected and vary across
device manufacturers. This lack of standardization with
regard to measurement protocols (i.e. different devices and
different software) and analytical techniques (i.e. different,
non-inflammatory arthritis specific cut-points) introduces bias
into accelerometer data processing, making accurate compari-
sons across studies in inflammatory arthritis challenging [55,
61, 63].

The issues highlighted above are also common in research
conducted in other populations and patient groups [56, 61,
64]. To address this challenge, world-leading physical activity
and sedentary behaviour researchers are advocating a move
towards analytical approaches that use raw accelerometer
data (milli-gs, mg) rather than algorithms developed by manu-
facturers [55]. Indeed, the collection and analysis of
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accelerometer data saved as raw signals, rather than proprie-
tary accelerometer activity-counts, enables transparent and
replicable data-transformation methods that can be carried
out after data-processing. This approach will facilitate com-
parison between accelerometer outputs across studies, regard-
less of which brand of device was used (e.g. Actigraph or
GENEActiv), and will lead to improved measurement preci-
sion and generalizability of recommendations for sedentary
behaviour in inflammatory arthritis [65]. However, the use of
raw acceleration data also presents a new and different chal-
lenge, whereby without the simplicity of proprietary algo-
rithms, the researcher is now responsible for processing and
analysing huge amounts of data. Consequently, where raw ac-
celeration data are to be used in the context of sedentary be-
haviour research in inflammatory arthritis, expertise from
researchers with backgrounds in mathematics, computer sci-
ence, engineering and statistics is likely to be of crucial
importance.

Still, whilst accelerometers offer significant opportunity to
facilitate progress in the field of sedentary behaviour in in-
flammatory arthritis, they do not offer a perfect measurement
solution. Accelerometers quantify sedentary time on the basis
of a lack of movement/acceleration, rather than posture (i.e.
whether a person is sitting or lying), which is an important
facet of the definition of sedentary behaviour (i.e. activity
�1.5 metabolic equivalents and a sitting/reclining/lying pos-
ture) [1]. In this way, the activPALTM offers an advance over
accelerometers for free-living assessment of sedentary time
and is currently considered the gold standard to measure sed-
entary time in field-based research [66].

The activPALTM is a small, lightweight device, typically
worn attached to the front of the thigh, that uses proprietary
algorithms to classify free-living behaviour as sitting/lying
(sedentary), based on posture and acceleration [66]. The
activPALTM is also able to measure breaks in sedentary time
(i.e. where sitting is broken up by standing or ambulatory ac-
tivity). To date, two studies have validated the activPALTM

against direct observation in the RA population, reporting
high classification accuracy (98%) and strong agreement be-
tween activPALTM-assessed sedentary time and sedentary
breaks with direct observation [58, 62]. Three studies in RA
have also used the activPALTM to investigate the role of sed-
entary time in inflammatory arthritis: two exploring the
cross-sectional or longitudinal associations between sedentary
time with inflammatory arthritis outcomes (RA and AS), and
one randomized controlled trial examining changes in seden-
tary time in response to intervention [16, 25, 30, 67].

Based on the above, it would seem prudent to suggest that
recommending the activPALTM as the measure of choice for
sedentary behaviour research in inflammatory arthritis is
‘where we need to go’. However, the activPALTM has its own
limitations. First, the activPALTM does not provide a measure
of the intensity of physical activity. Capturing data on physi-
cal activity in synchrony with sedentary time is crucial to an-
swer questions regarding interrelationships between these
behaviours, aiding our understanding of how amounts and
patterns of sedentary behaviour are linked to inflammatory
arthritis outcomes [28]. Second, a global limitation of device-
based measures (i.e. the activPAL and accelerometers) is that
they can only assess sedentary time, rather than a specific be-
haviour per se. This is particularly important when trying to
understand the role of specific types of sedentary behaviours
for health in inflammatory arthritis. For example, when

exploring the link between sedentary behaviour and fatigue
or wellbeing in inflammatory arthritis, it would be important
to differentiate between sedentary behaviours that are
cognitively stimulating and involve positive social interaction,
compared to those that are perhaps more passive and under-
taken alone [68].

Bearing this in mind, it seems that there is currently no sin-
gle perfect solution to the measurement of sedentary behav-
iour in inflammatory arthritis. However, advances in
technology and artificial intelligence are soon likely to offer
novel, comprehensive approaches for measurement of seden-
tary time, which could be validated for use in inflammatory
arthritis. For example, machine learning is being used to de-
velop classification algorithms able to measure volumes, pat-
terns and types of sedentary behaviours (and physical
activities) from raw accelerometer data in non-inflammatory
arthritis populations [69]. However, in the short term, and in
the absence of validated machine learning approaches, it
might be appropriate for researchers to use both self-report
and device-based measures of sedentary behaviour in order to
capture the amount, patterns and context of free-living seden-
tary time.

Phase 3: identify factors that influence the
behaviour

Research shows that behaviour change interventions are likely
to be more effective when the factors (determinants) that in-
fluence the specific behaviour of interest (e.g. sedentary be-
haviour) have been identified and targeted [70]. Determinants
offer a basis for intervention development by representing the
mechanisms of action for an intervention (i.e. if the determi-
nant is impacted/changed, this is assumed to lead to behaviou-
ral change) and. In addition, determinants can be used to
inform intervention content and strategies (e.g. the selection
of evidence-based behaviour change techniques likely to have
a positive impact on the determinant) [71]. Research con-
ducted under phase 3 of the Behavioural Epidemiology
Framework therefore has the primary purpose of identifying
relevant determinants, and providing empirical and/or theo-
retical evidence to demonstrate that they are linked to the tar-
get behaviour.

Where are we?

Existing research exploring the determinants of sedentary be-
haviour in inflammatory arthritis is largely comprised of
quantitative, cross-sectional studies, exploring the role of
symptoms (e.g. pain, fatigue and physical function) as deter-
minants (barriers) to sedentary behaviour [16, 30, 32, 33,
37]. Most of this research has been conducted in the RA pop-
ulation and has been highlighted in the sections above (i.e.
phase 1); that is, owing to: (1)the cross-sectional study designs
that dominate inflammatory arthritis research to date, and (2)
the likely bi-directional relationship between inflammatory
arthritis symptoms and sedentary behaviour, studies explor-
ing links between sedentary behaviour and health in inflam-
matory arthritis (i.e. phase 1) could also be argued to
represent research into determinants of sedentary behaviour.

Where do we need to go?

Research that explores the complex (and potentially recipro-
cal) relationships between sedentary behaviour and inflamma-
tory arthritis symptoms is crucial to understanding how we
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can effectively support people living with inflammatory ar-
thritis to reduce their sedentary behaviour. Indeed, symptom-
related barriers to (i.e. determinants) sedentary behaviour
change need to be understood and properly addressed in
interventions if they are to be successful. For example, we pre-
viously highlighted a prospective observational study report-
ing bi-directional relationships between pain and fatigue with
sedentary time in RA [30]. Based on these findings, we would
suggest that sedentary behaviour interventions are designed
to include behaviour change approaches to address pain as a
barrier [e.g. adopt ‘if–then’ planning (‘if’ I experience pain,
‘then’ I will. . .)], and/or, to support changes in sedentary be-
haviour at times when the experience of pain is less severe
and/or disease activity is well controlled.

In parallel, studies that seek to identify the relative salience
of other more changeable determinants, will be crucial to in-
form sedentary behaviour interventions with the potential to
overcome some of the symptom-related barriers. Research op-
erating from a socio-ecological perspective, considering other
malleable determinants, will be instrumental in this regard
[72]. For example, studies exploring factors influencing seden-
tary behaviour in inflammatory arthritis at the individual (e.g.
health, wellbeing and psychological factors), environmental
(e.g. home, work, social/cultural, built vs natural environ-
ment) and organizational (e.g. politics, economics and health-
care context) levels, in addition to the interrelationships be-
tween these factors, are likely to provide a detailed and com-
prehensive landscape upon which to develop interventions.
Unpicking the relative salience of each determinant and its im-
pact on sedentary time (and interdependent physical activity
behaviours) requires carefully designed research able to ex-
plore the dynamics of these factors in depth.

Future studies in this domain should be carefully planned
and adopt suitable methodological designs. Owing to the lack
of current evidence in this area, initial work should be explor-
atory and adopt a bottom-up, inductive approach. First, qual-
itative research should investigate individual, environmental
and organizational level factors that influence daily sedentary
behaviour among people living with inflammatory arthritis
(e.g. via interviews and focus groups). Qualitative studies can
explore the in-depth lived experiences of individuals and
groups, and have huge potential to uncover the complex and
interrelated determinants of sedentary behaviour in inflamma-
tory arthritis. To date, however, only one qualitative study
has sought specifically to investigate determinants of seden-
tary behaviour in inflammatory arthritis [73, 74]. Through
semi-structured interviews, Thomsen et al. [74] revealed that
people living with RA engage in sedentary behaviours, such
as reading, doing crossword puzzles or watching television,
‘when symptoms dominate’ (e.g. pain and fatigue).
Significantly more qualitative research in inflammatory arthri-
tis is required to develop our understanding of the multi-level,
dynamic factors that influence sedentary behaviour in these
patient groups. Subsequently, findings from qualitative stud-
ies can be tested in quantitative longitudinal, proof-of-concept
research, prior to intervention.

Importantly, where these longitudinal studies are informed
by phases 1 and 2 of the Behavioural Epidemiology
Framework, they can elucidate the extent to which interven-
tions targeting specific determinants might have the potential
to encourage meaningful sedentary behaviour change; for ex-
ample, studies that examine how changes in identified deter-
minants of sedentary behaviour are related to changes in

(volumes and patterns of) sedentary behaviour and, in turn,
changes in inflammatory arthritis outcomes. This approach
offers a dose–response ‘process’ or ‘logic’ model, which will
provide some indication of the extent of sedentary behaviour
change achieved by targeting a particular determinant, and
how this degree of change relates to downstream changes in
pertinent inflammatory arthritis outcomes (Fig. 2).

In a similar vein, research informed by psychological theo-
ries of behaviour change (e.g. self-efficacy theory [75] and
self-determination theory [76]) will be vital in revealing ‘what
works’ when it comes to supporting sedentary behaviour
change in inflammatory arthritis [71]. Indeed, psychological
theories can provide a systematic framework to inform the se-
lection and development of intervention strategies (i.e. based
on the assumption that they will positively impact the identi-
fied psychological determinant) and specify the psychological
processes assumed to result in behaviour change [71]. When
proof-of-concept research can successfully bring together
phases 1–3 of the framework, and is grounded in psychologi-
cal theory, we will gain considerable insight into ‘how things
work’, from both a psychological standpoint (i.e. the psycho-
social processes supporting behaviour change) and a physio-
logical standpoint (i.e. how much particular inflammatory
arthritis outcomes are impacted, cause and effect, mecha-
nisms), before intervention [71].

Phase 4: intervention

In phase 4 (interventions), knowledge generated from phases
1, 2 and 3 of the Behavioural Epidemiology Framework is
bought together to inform intervention design and evaluation.
This ensures that interventions to support sedentary behav-
iour change are designed to:

1) target inflammatory arthritis outcomes that have demon-
strated proven links with sedentary behaviour in experi-
mental research (phase 1), and,

2) that the former has been achieved by encouraging
changes in the amounts and patterns of sedentary behav-
iour in a manner shown to influence the responsible
pathophysiological mechanisms (phase 1).

3) measure changes in sedentary behaviour using validated,
inflammatory arthritis-specific methods, and employ a
combination of self-report and device-based methods
(phase 2).

4) address the specific determinants of sedentary behaviour
for people living with inflammatory arthritis, considering
the fact that some inflammatory arthritis outcomes might
represent both causes (barriers) and consequences of sed-
entary behaviour (phase 3).

These requirements are crucial to ensure that interventions
are designed with the rigour needed to successfully promote
changes in sedentary behaviour (i.e. targeting determinants,
owing to phase 3) in the manner and to the extent necessary
(i.e. volume, bouts, breaks, owing to phase 2), to be able to
evaluate the clinical efficacy of interventions for inflammatory
arthritis (i.e. do they promote meaningful behaviour
change?).

Where are we?

Current interventions that have aimed to reduce sedentary be-
haviour in inflammatory arthritis have been developed using
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evidence from only select phases of the framework; that is,
they were not hypothesis driven regarding the inflammatory
arthritis outcomes assessed (i.e. not informed by framework
phase 1) and/or did not base their intervention approach on
research into the determinants of sedentary behaviour in in-
flammatory arthritis (i.e. not informed by framework phase 3).
The extent to which valid measurement approaches were used
to assess changes in sedentary behaviour was variable (i.e.
phase 2). Considering the time and resource required to de-
sign, deliver and evaluate interventions, existing research
likely represents missed opportunities to truly explore the po-
tential efficacy of these intervention approaches, to advance
understanding in this domain.

For example, although a recent physical activity interven-
tion for patients with RA and SLE aimed to reduce sedentary
behaviour, this was included as a secondary objective [77].
The effects of the intervention on RA and SLE outcomes were
also exploratory. As a result, the intervention, assessments
and outcomes were not designed with the intention of defini-
tively testing the role of sedentary behaviour for any particu-
lar outcome in these patient groups. Results revealed no
change in accelerometer-assessed sedentary behaviour (using
non-inflammatory arthritis specific cut-points) after the inter-
vention, whereas significant improvements in pain were
reported. This raises important questions; for example, does
this mean that sedentary behaviour is not important for pain
in inflammatory arthritis, or merely that the study lacked di-
rection and scientific rigour to determine the role of sedentary
behaviour in this regard? Although intervention research con-
ducted in this manner may indeed reveal some interesting
findings, this is likely to be more by chance than intent.

To illustrate further, a recent randomized controlled trial
examined the effectiveness of a behaviour change intervention
(motivational counselling and SMS text reminders) to reduce
sedentary behaviour (total sitting time) in people with RA
[25]. However, the study was not designed or powered to de-
tect changes in RA outcomes in response to the intervention.
Therefore, whilst the intervention demonstrated reductions in
sedentary time and parallel improvements in some RA out-
comes, the extent to which the reductions in sedentary time
were responsible for the observed improvements in RA out-
comes could not be deduced. In addition, the researchers did
not control for other potential factors that might explain vari-
ability in RA outcomes (e.g. adiposity and medication), and
the interdependence with physical activity was not considered
when evaluating changes in RA outcomes; that is, it is possi-
ble that increases in physical activity resulting from the reduc-
tion in sedentary behaviour contributed to some of the
changes in the outcomes that were observed. The authors sug-
gested that study participants replaced their sedentary time
with standing, but it is also likely that participants increased

their overall movement and light-intensity physical activity
(i.e. they were ‘moving more’). However, we are left question-
ing specifically how variation in the patterns of standing and
light physical activity between patients impacted the RA out-
comes assessed, and asking what were the physiological
mechanisms operating?

Where do we need to go?

The intervention studies by Li et al. [77]) and Thomsen et al.
[25] underline the need for a more targeted, systematic ap-
proach to interventional research in sedentary behaviour in
inflammatory arthritis, which is offered by the Behavioural
Epidemiology Framework. Interventions developed using this
framework will be crucial in determining how to change sed-
entary behaviour successfully, and how changes in targeted
volumes and patterns of sedentary behaviour translate to
meaningful changes in specific inflammatory arthritis out-
comes. Where possible, future interventions should aim to tar-
get longer-term changes in sedentary behaviour (e.g. 6–
12 months) that extend beyond the typical time line of
2–3 months often observed in lifestyle research. Although this
is particularly challenging from a behaviour change stand-
point, longer-term interventions will be vital in establishing
the impact that sustained reductions sedentary behaviour
might have on inflammatory arthritis-specific outcomes and
overall health. The study by Thomsen et al. [25, 26], has pro-
vided some insight into the acceptability of longer-term seden-
tary behaviour interventions in RA. They demonstrated that
participants in the intervention group were still significantly
less sedentary and reported more favourable RA outcomes
(e.g. lower visual analog scale pain and fatigue) than control
group participants at the 18-month follow-up [26]. However
(and as stated above), the design of this intervention means
that the direct effects of reducing sedentary behaviour on RA
outcomes cannot be determined (e.g. cofounders and interde-
pendent activity behaviours were not controlled for, and no
dose–response ‘process’ or ‘logic model’ was examined).

At this point, based on the limited evidence available, it is
only possible to suggest that interventions focused on ‘moving
more’, and on breaking up sedentary time with light physical
activity, might provoke beneficial changes in factors related to
cardiometabolic and CVD risk in inflammatory arthritis [15,
25, 78]. Given that CVD is the leading cause of death among
people with inflammatory arthritis [79], it might be prudent
to pursue research aligned to phases 1 and 2 of the frame-
work, with these foci. With regard to phase 3, initial research
suggests that self-determination theory might offer a useful
framework to inform interventions to reduce sedentary be-
haviour in RA [71, 80]. Indeed, recent research revealed that
autonomous (self-determined) motivation might be an

Figure 2. Illustration of how longitudinal studies informed by phases 1, 2 and 3 of the Behavioural Epidemiology Framework can inform intervention

design. IA: Inflammatory arthritis
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important determinant of sedentary time in RA, which could
be explored in more detail.

Phase 5: translate research into practice

Research in phase 5 of the Behavioural Epidemiology
Framework should evaluate and describe how to disseminate,
adopt and implement effective sedentary behaviour change
interventions (i.e. supported in phase 4) successfully across
different settings. Phase 5 might also inspire new research in
phases 1–4 of the Behavioural Epidemiology Framework [e.g.
barriers to implementation might be considered in phase 3
(determinants) research].

Where are we?

To date, no sedentary behaviour change interventions in in-
flammatory arthritis have been adopted by health-care agen-
cies or systems. This state of affairs might be expected, owing
to the paucity of research evidence in this field.

Where do we need to go?

Studies addressing phases 1–4 of the Behavioural
Epidemiology Framework in the development of sedentary
behaviour change interventions in inflammatory arthritis
should consistently offer recommendations for translating re-
search findings into practice [81]. For example, the use of
comparative-effectiveness designs in research studies across
phases 1–4, such as observational research, randomized con-
trolled trials and systematic reviews, can inform health-care
decisions by identifying the most effective intervention for an
individual’s needs, abilities and motivations [82] (i.e. what
works best for who, and how?). Comparative-effectiveness
designs can be employed to compare: (1) the health outcomes
of interventions targeting different components of the move-
ment continuum (e.g. sedentary behaviour vs MVPA), (2) the
health outcomes of interventions targeting different volumes,
bouts, breaks and types of sedentary behaviour, and (3) the
socio-ecological setting of interventions aiming to reduce sed-
entary behaviour (e.g. environmental level vs individual

Box 1. Sedentary behaviour in inflammatory arthritis: where we need to go, according to the Behavioural Epidemiology Framework

Phase 1: research using prospective and experimental study designs

• Prospective studies with large samples, using validated measures of sedentary behaviour and advanced statistical modelling techniques

(e.g. isotemporal substitution and compositional data analysis)

• Laboratory-based experimental studies to establish potential mechanisms underlying the links between sedentary behaviour and

different inflammatory arthritis outcomes, and whether these differ when sedentary time is reduced/replaced via different patterns of

physical activity

Phase 2: research employing methods that have been validated specifically for measurement of sedentary behaviour among people living

with inflammatory arthritis

• Studies should use a combination of self-report and device-based measurement methods (e.g. accelerometers, the activPALTM) until

more advanced analytical approaches are available (i.e. machine learning of raw accelerometer data to quantify volume, patterns and

types of sedentary behaviours in inflammatory arthritis)

• Where possible, device-based methods should enable the analysis of raw accelerometer data, to which existing data-transformation

methods (e.g. cut-points) can be applied post data-processing

• Where proprietary algorithms are used (e.g. activity-counts), these should be validated and calibrated in inflammatory arthritis (e.g.

inflammatory arthritis specific cut-points, see [58] for example in RA).

Phase 3: qualitative and quantitative research taking a bottom-up, inductive approach

• Qualitative research should explore the complex individual-, environmental- and organizational-level factors that influence daily sedentary

behaviour among people living with inflammatory arthritis, and how these factors are interrelated

• Determinants identified in qualitative research should inform quantitative longitudinal proof-of-concept studies. These studies should

examine how changes in identified determinants are related to changes in (volumes and patterns) of sedentary behaviour and, in turn,

inflammatory arthritis outcomes (i.e. to determine dose–response ‘logic’ models)

• Both quantitative and qualitative research should be grounded in psychological theories of behaviour change, in order to understand ‘how

things work’ from a psychological standpoint

Phase 4: interventions developed and evaluated using knowledge generated from phases 1, 2 and 3 of the Behavioural Epidemiology

Framework

• Shorter-term interventions (2–3 months) to provide initial insight into the potential acceptability and health impacts of reducing sedentary

behaviour in inflammatory arthritis

• As the field progresses, longer-term interventions will become increasingly important to gain a better understanding of how sustained

(e.g. 6–12 months) changes in sedentary behaviour might improve inflammatory arthritis specific outcomes and overall health

Phase 5: research to generate knowledge supporting the adoption and implementation of effective sedentary behaviour change interven-

tions in different settings. This could include:

• Comparative-effectiveness designs to compare the relative efficacy of sedentary behaviour interventions conducted in different contexts

(e.g. environmental level vs individual level) for improving health outcomes in inflammatory arthritis

• Research that examines the efficacy and acceptability of health-promotion messages about reducing sedentary behaviour

• Research engaging key stakeholders within health-care systems, communities and occupational contexts, in order to improve

implementation intelligence
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level), in inflammatory arthritis [72]. Furthermore, it is essen-
tial to consider the cost, reach, potential adverse effects and
sustainability of an intervention [83].

It is also important to evaluate the health-promotion mes-
sages associated with sedentary behaviour change, to optimally
communicate and raise awareness of the benefits of reducing
sedentary behaviours in inflammatory arthritis. For example,
the message ‘sit less’ is not very inclusive in this population (i.e.
some people with inflammatory arthritis are wheelchair users);
therefore, changing the language in the message to ‘move
more’ might be more acceptable. Research that examines the
efficacy and acceptability of such health-promotion messages
would offer a valuable avenue for research aligned with phase 5
of the Behavioural Epidemiology Framework.

Engaging and working with key stakeholders within health-
care systems and multidisciplinary teams is also vital to the dis-
semination, implementation, adoption and maintenance of sed-
entary behaviour change interventions in inflammatory arthritis
[81, 83]. Improving implementation intelligence in these areas
can be achieved by organizing qualitative research and advisory
groups, which can stimulate new research and thus feedback to
earlier phases of the Behavioural Epidemiology Framework.
Translating research in a clinical population, such as inflamma-
tory arthritis, to practice within health-care systems seems to be
the most appropriate place to start. However, people living with
inflammatory arthritis also engage with built environments,
communities and work environments, among other contexts.
These settings should not be ignored.

Conclusion

Interventions targeting sedentary behaviour might have sig-
nificant potential to improve health among people living
with inflammatory arthritis. However, existing research into
the implications of sedentary behaviour in inflammatory ar-
thritis is somewhat sporadic, and lacks the direction and sci-
entific rigour required to inform effective intervention design
(‘where we are’). The Behavioural Epidemiology Framework
offers a systematic methodology to direct research into sed-
entary behaviour in inflammatory arthritis, and outlines a
sequential approach to conducting research across the spec-
trum of descriptive, explanatory, analytical and intervention
studies. We therefore recommend that researchers should
conduct studies aligned with the Behavioural Epidemiology
Framework (Box 1), with a particular focus on acute
laboratory-based studies (phase 1, to explore outcomes and
responsible physiological mechanisms), validation of device-
based measures of sedentary behaviour, including explora-
tion of new approaches (e.g. machine learning, phase 2) and
theory-based determinants research aligned with socio-
ecological models (i.e. considering individual, organizational
and environmental factors, phase 3). As research within
phases 1–3 of the framework accumulates, it will be crucial
to triangulate data sources to inform proof-of-concept stud-
ies. These studies will be instrumental in directing the design,
delivery and evaluation of effective interventions to reduce
sedentary behaviour in inflammatory arthritis (i.e. ‘where
we need to go’).

Data availability

All data retrieved for this article were collated via a search of
published papers in the relevant literature. As such, all data

used to write the article are available in published scientific
articles cited in this publication.

Funding

No specific funding was received from any bodies in the pub-
lic, commercial or not-for-profit sectors to carry out the work
described in this article.

Disclosure statement: The authors have declared no conflicts
of interest.

References

1. Tremblay MS, Aubert S, Barnes JD et al.; on behalf of SBRN

Terminology Consensus Project Participants. Sedentary Behavior

Research Network (SBRN) – Terminology Consensus Project pro-

cess and outcome. Int J Behav Nutr Phys Act 2017;14:75.

2. Ekelund U, Tarp J, Steene-Johannessen J et al. Dose-response asso-

ciations between accelerometry measured physical activity and sed-

entary time and all cause mortality: systematic review and

harmonised meta-analysis. BMJ 2019;366:l4570.
3. de Rezende LFM, Rodrigues Lopes M, Rey-López JP, Matsudo
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