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Abstract

Musculoskeletal disorders are conditions that affect musculoskeletal (MSK)
tissues (e.g., muscles, bones) and are characterised by an inflammatory process that
leads to pain and discomfort in the affected area. According to the Global Burden of
Diseases (2019) study, musculoskeletal disorders are amongst the top twenty
causes of years lived with disability at all ages. These disorders also contribute to a
high economic burden on health systems worldwide and lead to job absenteeism

due to incapacity to work.

Sedentary behaviour (SB) has been associated with a high risk for all-cause
mortality, type 2 diabetes, cancer, and the development of MSK symptoms. Office
workers are particularly at risk to develop these health problems due to the high
prevalence of SB. Thus, strategies to reduce SB are necessary to decrease health
problems in this population. Breaks from sitting are non-sedentary activities that
take place between sedentary bouts. Research evidence has suggested that
reducing SB with breaks from sitting provides benefits on cardio-metabolic,
vascular, and cognitive health. However, evidence of the effects of breaks from

sitting on MSK outcomes has been limited to mainly self-reported evidence.

Due to the COVID-19 pandemic, there was a sudden shift for many workers
from working in the office to work from home (WFH). There is limited
understanding of SB when WFH, including evidence of the impact of breaks from
sitting on MSK symptoms. The overall aim of this thesis was to expand knowledge of
the role of breaks from sitting as a strategy to reduce MSK symptoms and
occupational SB in office workers. Three studies were conducted to address this

aim.

The first study was a systematic review planned to address the limited evidence
of the effects of breaks from sitting on device assessed MSK outcomes. Two

objectives were followed. First, synthesise evidence of the effectiveness of breaks



from sitting on device assessed MSK spinal outcomes. Second, compare those
findings with self-reported MSK spinal outcomes if available. Twelve studies (n=12)
were included in this review. Studies were divided into acute-single session
interventions and medium to long-term interventions (2 weeks to 3 months). Three
main types of breaks were identified: stretching, standing, and walking breaks.
When divided by break type, it was evident that stretching breaks were the most
effective break to improve device assessed and self-reported MSK spinal outcomes
in acute single session and medium to long-term settings. Breaks from sitting
seemed to be a useful strategy to reduce MSK symptoms in sedentary workers in
office settings. With workers increasingly WFH, it was important to understand

what the role of breaks from sitting was in the home environment.

The second study was a cross-sectional quantitative study planned considering
the shift for workers to increased WFH, and the favourable effects of breaks from
sitting from the first study. The study aimed to explore differences in MSK symptom
prevalence between groups defined by occupational sitting, breaks from sitting, and
chair settings. Objectives were to describe occupational sitting, breaks from sitting,
chair settings and MSK symptoms in University of Edinburgh staff WFH. Participants
(n=332, age range 18-61; female 73%) sat for most of their working day (89% of the
workday) and took 1.3+1.4 breaks per hour, duration 5.3+7.0 minutes. A high
prevalence (93%) of MSK symptoms was indicated in staff. Chair mean scores
(3.5+1.2) indicated that staff chair settings while WFH represented a low risk of pain
development. In relation to MSK symptomes, it was found that staff with the longest
occupational sitting (over 8 hours per day) had a significantly higher prevalence of
MSK symptoms, but there were no significant effects of the number and duration of
breaks and chair settings on MSK symptoms prevalence in staff WFH.
Understanding why staff engaged in prolonged SB was key to reducing this

behaviour, and subsequently reducing MSK symptoms prevalence.



The third study was a qualitative study planned considering the elevated
prevalence of SB and MSK symptoms in University of Edinburgh staff from the
second study. This study aimed to understand the factors influencing SB and breaks
from sitting in University of Edinburgh staff with MSK symptoms WFH. The study
was built using two theoretical models, the COM-B model, and the Theoretical
Domains Framework. University of Edinburgh staff (n=17; age 47.1+9.4; female
82%) were interviewed on MS Teams. The Framework method was chosen to
analyse data from the interviews. The main findings indicated that participants had
the psychological and physical capability to reduce their sitting. Unexpectedly, the
presence of MSK symptoms appeared to not be a barrier for staff to break up their
sitting while WFH. Barriers to reducing sitting at home were mapped to the physical
and social opportunity, automatic and reflective motivation constructs. Additionally,
the most important barrier for participants to reduce their sitting was their current
workload and the various barriers associated with this. There are various challenges
to reducing SB while WFH, but is essential to target workload management for this

population to reduce their SB.

This thesis has advanced knowledge on the role of breaks from sitting as a
strategy to reduce MSK symptoms and SB prevalence in two work environments
(office and home). Thesis findings suggest that breaks from sitting, specifically
stretching breaks, are a useful strategy to reduce MSK spinal symptoms at the
office. However, it appears the number and duration of breaks do not affect MSK
symptoms prevalence in workers WFH. On the other hand, engaging in occupational
SB of over eight hours does affect this prevalence. Nevertheless, MSK symptom
prevalence did not seem to affect SB at home, whereas workload was the most
influential factor to remain sedentary. Changes around workload are necessary for
desk-based workers with MSK symptoms to reduce their SB while WFH, and
subsequently reduce their MSK symptoms. Future research should focus on
exploring the direct effects of breaks on MSK symptoms during working hours at the

office and the home environment.
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Lay summary

Musculoskeletal disorders are conditions that affect the musculoskeletal
structures of the body (e.g., joints, bones, muscles, tendons), and have symptoms
such as pain and discomfort of the affected areas. These conditions are very

common, and they can affect a person’s quality of life and attendance at work.

Desk-based workers are workers who generally spend many hours at a desk
and often work in front of a screen. These workers have elevated levels of
sedentarism, which refers to activities undertaken when awake and do not require
too much physical effort. These activities can be done while reclining, sitting, or
lying. Having high levels of sedentarism has been linked to many negative health
problems such as all-cause mortality, type 2 diabetes, cancer, and musculoskeletal
disorders. Desk-based workers are at a high risk of developing these negative health
problems due to their sedentarism. It is necessary to support desk-based workers
and provide them with strategies to reduce their desk time and consequently help

them reduce the risk of negative health problems.

Current research suggests that taking breaks from sitting is useful to reduce
both desk time and the health problems that come with being sedentary. However,
this previous research focuses mainly on exploring the effects of breaks from sitting
on chronic health problems (e.g., all-cause mortality, cancer, diabetes). There is
very little evidence about how breaking up sitting can affect pain and discomfort

and other symptoms that come with musculoskeletal disorders.

Since the COVID-19 pandemic, office workers have started and continued to
work from home for some or most of their working week. Due to this, further
research is still necessary to explore various aspects of the home as a workplace.
Moreover, to understand what the effect of breaks from sitting is on
musculoskeletal symptoms at home. The thesis aimed to understand more about

how breaks from sitting can reduce musculoskeletal symptoms and sedentarism in
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desk-based workers, at both the office and at home. Three studies were created to

research this in more detail.

For the first study, 12 studies were identified using a systematic process and
summarised to understand how musculoskeletal symptoms in the spine (e.g., lower
back pain) are affected by taking breaks from sitting at work. The study had two
objectives. The first objective was to summarise findings from studies that used
research tools to measure changes in musculoskeletal structures (e.g., using a
stadiometer to measure height). The second objective was to understand how the
changes in these structures were related to pain and discomfort. The findings
indicated that stretching breaks were the most effective form of break to reduce
changes in musculoskeletal structures. Additionally, stretching breaks were also

helpful to reduce pain and discomfort in sedentary workers.

The second study was created to explore changes in the workplace caused by
the COVID-19 pandemic (people working from home or hybrid working). This study
aimed to explore sedentarism and musculoskeletal disorders in University of
Edinburgh staff working from home. To explore this, first, it was necessary to
describe the staff desk time, the number and duration of breaks from sitting, their
chair settings and their bodily pain and/or discomfort while working from home.
Results showed that participants were at their desks for 89% of their working day,
and most of them had bodily pain/discomfort (93%). Also, staff took breaks from
sitting (1.3) per hour and these breaks lasted around 5.3 minutes. A main finding
was that staff sitting for over eight hours per day had a higher presence of bodily
pain/discomfort. However, it was noticed that bodily pain was not different in
participants taking breaks (regardless of the number and duration). Lastly, the

staff’s chair settings did not seem to affect bodily pain.

Building on these results, the purpose of the third study was to understand

what factors influenced the elevated sedentarism in University of Edinburgh staff
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working from home with bodily pain/discomfort. For this, 17 staff members with
pain/discomfort were interviewed online in MS Teams, and their interviews were
recorded, transcribed, and analysed. Results showed that staff were aware of their
elevated desk time, they knew how they could reduce it, and their pain/discomfort
was not affecting their desk time. On the other hand, and contrary to the office,
they had noticed obstacles linked to not having the space or the social interaction at
home to reduce their desk time. Other influential factors were not being reinforced
to take breaks from sitting (e.g., not feeling supported by the university), and
feelings of guilt when absent from their desks. The most influential factor for staff
to reduce their desk time at home was their current workload and many barriers

related to this.

To conclude, this thesis has advanced the understanding of how breaks from
sitting can reduce musculoskeletal disorders and sedentarism in two work settings.
From the thesis findings, it appears that taking breaks from sitting (especially
stretching breaks) is useful to reduce musculoskeletal symptoms in the spine at the
office. However, the number and duration of breaks seemed to not bring benefits to
people working from home. At home, sitting for over 8 hours per day for work
seemed to be related to a higher presence of bodily pain/discomfort. Still, having
pain did not seem to affect staff desk time at home. On the other hand, staff
workload did influence how long staff were at their desks. Strategies to reduce
sedentarism and musculoskeletal disorders symptoms are still necessary in this
population. Targeting workload management is needed to reduce both outcomes in
this population, and future research should continue exploring the direct effects of

breaks from sitting at the office and the home environment.
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Thesis outline
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the thesis, and provides an overview of the thesis aims, objectives and
methodology. Chapters 2 to 4 contain individual studies that were carried out to
address the thesis objectives. Specifically, chapter 2 (study 1) is a systematic review
synthesising the effects of breaks from sitting on musculoskeletal spinal outcomes.
Chapter 3 (study 2) addresses the shift from office workers to work from home after
the COVID-19 pandemic. Chapter 4 (study 3) focuses on understanding what factors
influence sedentary behaviour in the home environment in people with
musculoskeletal symptoms. Finally, chapter 5 discusses and summarises the thesis
findings, discusses the implications for practice and recommendations for future

research, and provides the strengths and limitations of the thesis.

PhD timeline
The PhD was undertaken from March 2018 until December 2022. The individual

studies, specifically Study 2 (chapter 3) and Study 3 (chapter 4), were designed and



carried out during the COVID-19 pandemic declared by the World Health
Organization (WHO) on the 11t of March 2020 (World Health Organization, 2020a).

A laboratory study, which was intended to be the second study of this PhD was
not completed due to the pandemic restrictions involving the closure of
educational, leisure and work centres. This is explained further in the first chapter
of this thesis. Figure A illustrates the timeline for the individual studies in the

context of the COVID-19 pandemic restrictions up to March 2022.

The design of Study 2 (chapter 3) began six months after the pandemic was
declared (September 2020). The recruitment and data collection for the study was
done for four weeks from the 13t of April 2021 to the 11" of May 2021. During this
period, Scotland moved from protection level 4 (office workers to work from home
exclusively) to level 3 (office workers work from home where possible) on the 26%

of April 2021 (The Scottish Parliament, 2023).

The recruitment and data collection for study 3 (chapter 4) were carried out
from the 17t of November 2021 to the 24" of January 2022. During this period, a
new variant of the COVID-19 virus was detected in Scotland on the 10t of
December 2021. Due to this, Scotland moved from protection level 3 (work from
home where possible) to level 4 (work from home exclusively). These restrictions
were eased on the 315 of January 2022. All the restrictions in Scotland were eased

by the 9t" of May 2022 (The Scottish Parliament, 2023).
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Figure A.

Timeline of individual studies in relation to the COVID-19 pandemic restrictions.
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Chapter 1. Thesis introduction

The purpose of this chapter is to provide the thesis background and the most
relevant concepts related with this research. The chapter starts with an overview of
sedentary behaviour concepts and its effects on health, particularly in the
occupational setting. The chapter also discusses the prevalence and burden of
musculoskeletal disorders and summarises the literature around strategies to
reduce sedentary behaviour in the workplace. To conclude, the chapter points out
gaps in literature, formulates the thesis aims and objectives, and describes in detail

the methodology of the thesis.

Sedentary behaviour concepts and health research
Sedentary behaviour (SB) has been defined by the Sedentary Behaviour

Research Network (SBRN) as any waking activity with a low energy expenditure of
<1.5 metabolic equivalent of task (MET), whilst sitting, reclining, or lying (Tremblay
et al., 2017). SB does not include sleeping as the energy expenditure (-1 MET) is
lower than the SB energy expenditure (Tremblay et al., 2017). SB involves activities
in more than one setting such as sitting while commuting, eating, screen time (e.g.,
use of computer, smartphone or watching TV while sitting). Sedentary time is
defined by the SBRN as time spent in SB for any duration or context (Tremblay et
al., 2017). People engaging in SB usually engage in prolonged sedentary bouts,

which are periods of uninterrupted sedentary time (Tremblay et al., 2017).

The use of terms such as ‘prolonged sitting’ have been used previously in SB
literature to refer to prolonged sedentary time (Hadgraft et al., 2016; Peddie et al.,
2021; Saunders et al., 2018). To avoid the use of ableist language (Smith et al.,
2021), this thesis will avoid using the term ‘prolonged sitting’ to refer to prolonged
periods of SB in any context or domain. Instead, the terms ‘prolonged sedentary
time’ or ‘prolonged SB’ will be used. The term ‘sitting’ is still used through the

thesis, as many studies provide data from either self-report or device assessed



sitting as an assessed outcome of their studies (e.g., Occupational Sitting and

Physical Activity Questionnaire).

SB can often be confused with physical inactivity. However, while they are
similar in principle, both concepts present many differences and cannot be
considered the same. Sedentary individuals are frequently engaged in continuous
sedentary bouts for any duration in any type of setting. Whereas physical inactivity
refers to an individual that do not meet the physical activity (PA) recommendations
(Tremblay et al., 2017). While this thesis does not focus on PA, it is important to

understand the difference between SB and physical inactivity.

The PA recommendations are based on the next notions. PA was initially
defined by Caspersen et al. (1985) as “any bodily movement produced by skeletal
muscles that results in energy expenditure”. Later, other provisions were
incorporated, and for behaviour to be considered as PA the activities needed to
result in an energy expenditure of over 1.5 MET (Ainsworth et al., 2011). PA is also
categorised in relation to the activity energy expenditure, such as light intensity PA
(1.6 to 2.9 METS), moderate intensity PA (3.0 to 5.9 METS) and vigorous intensity PA
(over 6 METS).

Throughout the 24-hour day, individuals engage in either movement or non-
movement behaviours which are described above. Figure 1 illustrates SB
terminology recognised by the most recent expert consensus from the SBRN. In
addition, this figure is organised around a 24-hour day, the inner part shows existing
movement and non-movement behaviours, with the outer part showing the existing

postures within these behaviours.



Figure 1

Conceptual map for movement behaviours.
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Recommendations for PA from the UK Chief Medical Officer (CMO) suggest that
adults should engage in accumulated bouts of at least 150 minutes per week on
moderate intensity PA or 75 minutes per week on vigorous intensity PA and
engaging in muscle strengthening activities at least twice a week (Department of
Health and Social Care, 2019). An individual spending time in frequent sedentary

activities might be meeting the physical activity recommendations established for



each age group and still be considered sedentary. An example of this was provided
by a cross-sectional study (8471 participants) from Bakker, Hopman, et al. (2020).
Findings from this study signalled that 86% of adults met the PA guidelines but still
engaged in SB for 9.1 hours per weekday and 7.4 hours during the weekend. Thus,
indicating that sedentary individuals are not necessarily physically inactive, and
thereby illustrates the differences between both concepts. These findings are
pertinent to understand how individuals can accumulate SB through the day
regardless their PA. It should be noted, the authors used solely self-reported
measurements which can be subjected to recall bias and social desirability
(Althubaiti, 2016). Nevertheless, contrary to these findings, there is substantial
evidence pointing out that sedentary individuals are generally sedentary through

the whole day, which will be discussed later in this chapter.

When split throughout the day, SB can be divided into different contexts or
domains. Three main SB domains are identified in the literature: occupational (e.g.,
SB for work), leisure (e.g., SB while watching TV) and transportation (e.g., SB while
commuting) (Bakker, Hopman, et al., 2020; Dunstan et al., 2012). The leisure SB
domain includes activities such as watching TV or playing video games while
sedentary at home. The transportation SB domain entails activities carried out while
in transit such as sedentary time while commuting. The occupational SB domain
encompasses sedentary time spent at work. This thesis focused on SB in the

occupational domain.

Sedentary behaviour prevalence

The prevalence of SB is high in various populations. A cross-sectional study by
Loyen et al. (2019) indicated a prevalence of non-occupational SB of 61%
(equivalent to 8 hours a day) of in 1624 Dutch households. Additional cross-
sectional evidence from Loyen et al. (2018) explored trends of SB in Australian
adults including data from the Australian Health Surveys (21,000 responses) from

three different survey years (2007-2008, 2011-2012 and 2014-2015). Throughout



the three surveys timeframe (8-year period), respondents reported low variations
of occupational and leisure SB, both averaging a 55% of their day (over 7 hours).
Supplementary primary cross-sectional evidence reported SB prevalence changes
across 15 years (2002-2017) in 28 European countries. The data came from the
Sport and Physical Activity EU Special Eurobarometer which collects SB and PA data
(Lépez-Valenciano et al., 2020). Authors reported significantly higher SB prevalence
across the years which increased from 49.3% to 54.5% for all adults in all the

included countries.

To summarise, it is evident that SB is recurrent throughout the day in these
populations (Loyen et al., 2019; Loyen et al., 2018). The individuals from these
studies appeared to engage in SB not only for work, but also for leisure and
transportation. Thus, resulting in individuals spending a high number of waking
hours in SBs which is detrimental for health. The prevalence of SB seems to remain
and, in some cases, increase across the years in European countries, indicating that
sedentary individuals are more sedentary over time. This evidence comes from self-
report assessment which is subjected to recall bias (Althubaiti, 2016). Nevertheless,
the evidence accumulated from three large representative samples (up to 96,004
adults) from various countries and various socio-economic backgrounds, providing a

clear outline of SB prevalence.

Occupational SB prevalence

As presented earlier in this chapter, the occupational SB domain entails
sedentary time while at work (Bakker, Hopman, et al., 2020; Dunstan et al., 2012).
Some occupations may involve higher occupational SB than others. Office workers
are sedentary workers that spend most of their working hours in front of a desk
(e.g., educational, administrative, managerial, secretarial work) (Yang et al., 2017).
Although there is no published record of how many workers are desk-based in the

UK, published data from the United States of America (USA) indicated that office



workers were the main taskforce in 2018 with 21.8 million people employed in

various office jobs (Bureau of Labor Statistics. U.S. Department of Labor, 2018).

Nowadays, office work has become more frequent with workers tending to
remain sedentary for long periods in comparison to other occupations (e.g.,
construction workers) (de Rezende et al., 2014; Katzmarzyk et al., 2019; Ku et al.,
2018; Saunders et al., 2020). There is a large body of cross-sectional studies
presenting evidence in relation to this. Yang et al. (2017) signalled that blue collar
workers (e.g., construction workers) had a self-reported occupational desk-time of
30 minutes per day, whereas desk-based workers had a desk-time of 330 minutes

per day.

Combined evidence from other authors provided device assessed occupational
SB data. This signalled that sedentary time in office workers was undeniably longer
(64 - 80% of working day) than blue-collar workers (44% of working day) (Ellingson
et al., 2018; Jiang et al., 2020; Rosenkranz et al., 2020). This evidence is indicative of
desk-based jobs being characterised by prolonged SB. Additional evidence of office
workers also indicated that these workers not only have high levels of occupational
SB but also engage in sedentary bouts regularly. Ryan et al. (2011) was one of the
first studies to report quantified accelerometer data from an observational study in
office workers. These workers had extended sedentary bouts, with some workers
spending up to 98 minutes (SD 34 minutes) without leaving their desks. Further
evidence from Parry and Straker (2013a) found that sedentary bouts of over 30
minutes per day accounted for 56.7% (18.2 hours) of the total working week in
office workers. Evidence from both studies was taken from small samples (less than
100 participants) so results might not be generalizable. Yet, the evidence provides

an idea of the prevalence of SB at the workplace.



SB prevalence during and after the COVID-19 pandemic

The novel coronavirus SARS-CoV-2 (COVID-19) spread rapidly during the first
months of the year 2020, and a global pandemic was declared by the WHO in March
2020 (World Health Organization, 2020a). Due to the mandatory quarantines, the
pandemic initially ‘forced’ office workers to stay at home and carry out their work
activities. The pandemic also changed the work landscape forever and at present,
workers tend to work from home either for some (hybrid working) or all of their

working week (Office for National Statistics, 2022).

The Office of National Statistics in the UK reported in 2022 that 38% of
interviewed employees worked from home during the working week. Also, 42% of
office workers had planned to continue engaging in hybrid working which was an
increase from only 12% in 2021 (Office for National Statistics, 2022). It has been
reported that SB prevalence is higher at the home environment, when compared to
the office (Javad Koohsari et al., 2021; Rathonyi et al., 2021). Thus, adding health
concerns for office workers at both the workplace and at the home environment.
Chapter 3 (study 2) discusses in detail working from home and the SB prevalence in

this work setting.

Collectively, it seems apparent that office workers have high levels of
occupational SB regardless of their workplace. It has been indicated that SB is linked
to several detrimental health outcomes. Accumulating SB during the day might

increase these health problems. The following section focuses on these aspects.

SB and health

In relation to the health effects of SB, the field is still considered novel in
research, with publications increasing since the early 2000s and an upward trend
since 2010 (Biddle et al., 2019; Fang et al., 2021). Figure 2 illustrates the yearly

trend of SB publications since the year 2010 which has rapidly increased per year.



Figure 2

Yearly trends for SB publications.
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Due to the novelty of the field, evidence of the exact effects of SB on health
outcomes are still emerging. Nevertheless, research in the field has grown a
considerable amount in the past years providing researchers with a clearer idea of

what these health effects are.

SB, all-cause mortality and chronic physical illness

The health-related costs of illnesses related to SB for National Health Services
(NHS) in the UK are estimated for £0.8 billion during 2016-2017, with specific costs
assigned to cardiovascular disease (CVD) (£424 million), type 2 diabetes (£281
million), and various types of cancer (£56 million) (Heron et al., 2019). The data is
conservative though and it is important to understand that there might be further

influencing factors for these costs (e.g., age, socio-economic factors, gender).



There is a large body of evidence indicating the association of SB with the
development of health problems. A comprehensive systematic review and meta-
analysis (47 prospective studies) from Biswas et al. (2015), presented relevant
information for associations between health problems, and all-day SB. The largest
statistical effect was in relation to type 2 diabetes with a pooled HR of 1.910 (95% ClI
[1.642, 2.222]). Other significant associations were found with all-cause mortality
(HR 1.220, 95% ClI [1.090, 1.410), CVD mortality and incidence (HR 1.150 95% ClI
[1.107, 1.195], HR 1.143 95% CI [1.002, 1.213] respectively), and cancer mortality
and incidence (HR 1.130 95% CI [1.053, 1.213] for both). In addition, authors
suggested that although PA attenuated these health risks, they were still present,

especially in individuals with lower levels of PA.

Additional systematic review evidence by Patterson et al. (2018) (34 studies)
examined the associations between SB with all-cause, CVD and cancer mortality,
and type 2 diabetes incidence. The authors differentiated between total SB and TV
viewing and informed the number of hours that individuals need to engage in SB to
increase these health risks. In relation to total SB, findings signalled increased risk
for all-cause mortality in SB above 8 hours per day. CVD mortality also appeared to
be associated with total SB over 6 hours per day. No associations were found with
type 2 diabetes incidence due to a low number of studies. In relation to TV viewing,
increases in risk for all-cause, CVD, and cancer mortality were associated with SB
higher than 3 to 4 hours per day. Also, TV viewing seemed to be strongly associated
with increased risk to develop type 2 diabetes. Similar to Biswas et al. (2015),
findings suggested that PA attenuated but not eliminated mortality and incidence

risks for all outcomes.

Lastly, an unique systematic review and meta-regression analysis from Ku et al.
(2018) summarised data from 19 longitudinal studies with more than 1 million
participants through follow-up times ranging from 2.8 to 15.7 years. In contrast to

the other reviews, this review made a distinction between self-reported, and device



assessed SB data. Findings from this review showed a linear correlation between
daily SB and all-cause mortality risk. Evidence pointed out that increased all-cause
mortality risk was significantly higher when sedentary time exceeded 7.5 hours a
day. The increased risk for all-cause mortality and SB seemed to differ depending on
the measurement tool (self-report and device assessed). From device assessed data
this link was apparent when individuals engage in SB of 7 hours. Whereas the cut-
off point for self-reported SB was 9 hours. This information is key to differentiate
device assessed SB data from self-reported SB data. However, other variables, such
as follow-up periods and loss of participants (over 86 thousand deaths) may have

also affected these outcomes.

To summarise, it is apparent that higher levels of SB are associated with
increases in risk for all-cause, CVD and cancer mortality, and type 2 diabetes
incidence. Some of these health risks seem to be attenuated when individuals
engage in PA, but do not eliminate the risk of mortality or incidence. Furthermore,
total SB and TV viewing seem to contribute differently to health risks. For example,
SB of over 6 and 8 hours increases the risk for all these outcomes, whereas TV
viewing requires less time (3 to 4 hours) to increase these outcomes. However, it is
possible that this is influenced by having a generally sedentary lifestyle or food

intake during TV viewing (Andrade-Gémez et al., 2017).

Several limitations are noted from this evidence. Although some authors
mention that PA can act as an attenuating factor for these health problems, there is
no specific PA threshold stated to counteract these health problems. Nevertheless,
this has been reported by other authors (Ekelund et al., 2019; Ekelund et al., 2020)
and the evidence is presented in a later section. Overall, many studies included in
these reviews rely mainly on self-reported data which as mentioned earlier is
subject to recall bias. Explicitly, only Ku et al. (2018) provided evidence of different

cut-off points for self-reported SB and device assessed SB data in relation to all-
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cause mortality. However, these variations might be attributed to recall bias from

self-report assessment.

SB and mental wellbeing

SB also seems to have effects on mental wellbeing, although the evidence for
this link is still emerging. An overview of systematic reviews (44 studies) from
Saunders et al. (2020) signalled negative associations between high levels of SB with
cognitive function and depression. These associations were consistent during total
SB and TV viewing, but not for internet and computer use which seemed to have a
positive effect on both outcomes. However, this evidence is taken cautiously as it is
obtained from mainly self-report measures and very low to low quality systematic

reviews.

Supplementary evidence from a meta-analysis (12 prospective studies) found
evidence of significant associations between SB and risk of clinical depression in
adults (Huang et al., 2020). Like Saunders et al. (2020), subgroup analyses indicated
that the positive associations were mainly linked to TV watching, but not to
computer use. Thus, reflecting that ‘mentally passive’ SB might be associated with

lower levels of mental wellbeing.

Primary evidence from Jiang et al. (2020) (29,298 participants) showed positive
associations between SB of 7 hours per day with anxiety, depression, and suicide
ideation, regardless of participants’ PA. This meaning that highest sedentary time

increased negative mental health outcomes.

Ellingson et al. (2018) reported associations between SB (using accelerometers)
and mental health in individuals across a one-year period. Findings from the authors
suggested that decreasing SB time by 90 minutes per day, was associated with an

improvement on moodiness, sleep, and stress levels. Furthermore, an improvement
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on mood and stress levels was observed when prolonged sedentary bouts (over 30

minutes) were reduced.

Limitations from literature of associations between SB and health outcomes are
noteworthy. Overall, it seems that the most apparent shortcoming of SB literature
and health is the use of self-report tools to assess SB. A lack of standardisation in
tools to measure SB is also notable from this evidence. Studies included in these
systematic reviews and meta-analyses are quite heterogeneous in design (e.g.,
observational versus randomised controlled trials), measurement (e.g., self-
reported questionnaires versus device assessed data), and quality assessment (e.g.,
low versus high-quality evidence). There is still a scarcity of research in relation to
SB and mental health with evidence mainly based on observational research.
Additionally, samples might not be representative with many studies focused on
specific populations (e.g., younger adults, >31, high educational level). It is relevant
to point out that despite these limitations, agreement on the negative health

effects of SB on various health outcomes is still attained from this evidence.

SB appears to be associated with various chronic physical illnesses and mental
health detrimental outcomes. There is also evidence indicating that SB is a
contributor for musculoskeletal disorders (MSDs) development. The next section
encompasses the global problem of musculoskeletal disorders and how SB
influences this prevalence. The section also aims to explain the underlying factors

between SB and MSDs prevalence.

Musculoskeletal disorders prevalence and global
burden
Musculoskeletal disorders (MSDs) are non-communicable conditions that affect
various bodily tissues such as muscle, bones, soft tissue and joints (Ingram &
Symmons, 2018). MSDs are characterised by an inflammatory process leading to

pain and discomfort of the affected area which ultimately leads to mobility
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problems (Ingram & Symmons, 2018). The cost of treating MSDs is also high for
health providers, in England approximately £171.2 million was reported to cover
costs related to MSDs in 2020 (Versus Arthritis, 2021). In large countries, such as the
USA, the costs related to MSDs have been reported as the highest in relation to
other ailments (e.g., diabetes, ischemic heart disease) (Dieleman et al., 2020).
Moreover, MSDs accounted as the second highest spending in health with
approximately of $129.8 billion dollars (Dieleman et al., 2020). MSDs also lead to
job absenteeism and early retirement due to mobility reduction caused by pain
(Ingram & Symmons, 2018). In the UK, MSDs were the second most common cause

for job absenteeism in 2020 (Office for National Statistics, 2021).

The burden of MSDs in global health is high. Reports from The Global Burden of
Diseases (GBD) provide relevant data in relation to various diseases that affect the
Disability Adjusted Life Years (DALYs) worldwide since 1993 (Mathers, 2020). The
DALYs consist of measuring the years of life lost (YLL) from premature deaths and
adding the years lived with disability (YLD). Both, DALYs and YLDs are used to report
the total population health burden (Mathers, 2020). It is also important to mention
that data taken from the GBD is dependent of data availability (e.g., national health
reports) and data may be under or overestimated, which does not fully reflect the
entire burden of diseases. Regardless, the GBD reports contain critical data to
understand how the burden of various diseases (369 diseases and injuries) affect
the DALYs and YLDs globally. From the latest report of the GBD (Abrams et al., 2020)
it was indicated that 1.71 billion people suffer from MSDs globally. MSDs were also

amongst the top 20 leading causes for the increase of YLD across all ages.

The prevalence of MSDs seems to increase across the years. An example of this
was provided by de Luca et al. (2022). Authors used metadata from the latest GBD
report to produce a unique systematic analysis and report the national prevalence
of MSDs across the years in Australian adults. Findings from this analysis signalled

that MSDs contributed to a 75% increase of YLD, from 1990 to 2019. MSDs were
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also identified as the leading cause for disability in Australia with the highest peak in
older adults (over 65 years old). Additionally, the prevalence of MSDs affected
people in their peak labouring years and numbers increased with age (de Luca et al.,

2022).

Considering the global burden of MSDs, the development of strategies and
policies to tackle these conditions should be a global priority. The only known global
strategy was created by the United Nations and the WHO, which comprises of a
rehabilitation initiative to include rehabilitation of MSDs in global health systems by
2030 (Gimigliano & Negrini, 2017). However, this health initiative is generalised to
all types of conditions (e.g., osteoarthritis, gout), and not specific conditions that
might be developed from occupational risks. For instance, individuals engaging in

SBs are at risk of developing painful MSDs (e.g., low back pain, neck pain).

SB and MSDs

There is growing evidence of the relationship between SB and its effects on the
musculoskeletal (MSK) system which eventually leads to MSDs development. A
novel systematic review and meta-analysis of 79 studies by Dzakpasu et al. (2021)
synthesised evidence of the associations of MSDs with various SB domains in adults.
From the meta-analysis, findings showed that non-occupational all-day SB was
associated with low back pain (LBP) (pooled effect size OR=1.19, 95% CI [1.03,
1.38]). Self-reported occupational SB found positive associations between SB and
LBP (OR=1.47, 95% Cl [1.12, 1.92]), neck pain (OR=1.90 9% CI [1.35, 2.68]), shoulder
pain (OR=1.71 95% CI [1.31, 2.22]), but no association with extremities pain
(OR=1.17 95% CI [0.65, 2.11). Findings from the narrative synthesis also indicated
associations between non-occupational SB and knee pain, arthritis, and other
unspecified MSDs, with inconclusive evidence on neck, shoulder pain, hip pain and
extremities pain. Evidence on the association between leisure SB and MSDs was
inconclusive for LBP, upper back pain, neck, shoulder, knee, and general MSDs pain.

Specific to the occupational SB domain, authors found inconsistent evidence for

14



association of LBP, neck and shoulder pain and device assessed occupational SB. On
the other hand, computer time seemed to be associated with neck and shoulder
pain, but not with LBP or other MSDs. Nevertheless, the evidence for many of these
associations were taken from cross-sectional evidence where the causality of the
outcomes is undetermined (e.g., people with MSK might have higher levels of SB).
Findings from experimental designs (RCTs and non RCTs) also signalled positive
correlations of workplace sitting reduction with LBP, neck, shoulder, and other
MSDs pain reduction, with no evidence of pain decreases on limbs. This reduction
might be attributed to reduced computer use (e.g., use of mouse and keyboard)
which is inherent to desk-based work. On the other hand, reducing workplace
sitting might not be sufficient to decrease pain in limbs, which could be attributable

to circulation issues caused by prolonged SB.

Further systematic review evidence (20 studies) from Jun et al. (2017), focused
on workplace settings, indicated various individual risk factors influencing neck pain
development in office workers. These work factors were keyboard position (pooled
RR 1.46), static postures with low task variation (RR 1.27), and muscular tension (RR
2.75), suggesting that static postures in combination to computer use are risk

factors for office workers to develop neck pain.

Literature focused strictly on the physio-pathological development of MSDs has
suggested prolonged sedentary time as a contributing factor to this development.
Restaino et al. (2015) indicated a link between prolonged sedentary time (static
postures) and loss of bone mass and muscle strength, as well as lower limb
circulation problems. Chan et al. (2011) signalled increases on spinal load, reduction
of joint lubrication and intervertebral discs fluid, and increased stiffness on spinal
MSK tissues. Harris-Adamson et al. (2017) indicated that because of continuous
static positions (e.g., sitting) and absence of rest periods, an increase in
intramuscular pressure and blood flow impairment led to muscular fatigue and

muscle discomfort. In addition, repetitive movements such as use of a keyboard or
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mouse exceeded the capability of hand and forearm muscles, and led to the
development of work-related MSDs, along with deteriorating physio-pathological

outcomes (Harris-Adamson et al., 2017).

Combined evidence from individual cross-sectional studies has also indicated
associations between prolonged sedentary time and computer use with MSDs
development in adults with sedentary occupations (Basakci Calik et al., 2022;
Caromano et al., 2015; Okezue et al., 2020; van Vledder & Louw, 2015). Findings
from these authors suggest associations between the increase of pain on neck,

upper back, and shoulders and daily computer use of over six hours.

To summarise, collective evidence of systematic reviews and individual primary
studies suggests that prolonged SB is a relevant factor to develop MSDs. However,
the shortage of research in the relation of SB and MSDs is evident, with various
shortcomings similar to SB literature. The lack of standardisation in measurement
tools, and the predominant use of self-report tools to measure both SB and MSK
symptoms are identified within these limitations. The lack of RCTs or experimental
designs are also missing from most of this research with only Dzakpasu et al. (2021)
including experimental designs in their review. However, this evidence accounted
only for 15% of all the included studies. It seems clear that to reduce these negative
outcomes, SB should be reduced in all populations. The next section addresses the

existing literature on strategies to reduce SB.

Reducing the negative health effects caused by SB
The limited evidence on how to counteract the negative health effects of SB is
reflected in the shortcomings of the existing guidelines to reduce SB. Contrary to
PA, SB guidelines for adults are still in progress. Various recommendations to
reduce SB have been made by governments or organisations. For example, the
WHO has recommended to limit SB during the day, without specifying how often
individuals should break up their SB (World Health Organization, 2020b). In the UK,
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there are also no SB guidelines stating how often adults (19 to 64 years old) should
break up their SB. The latest recommendation from the CMO is to limit the amount
of SB throughout the day (Department of Health and Social Care, 2019). Similar
guidelines are found in Australia where the recommendation is to reduce SB
throughout the day (Australian Government Department of Health, 2021). The most
comprehensive recommendations available are from the Canadian 24-hour
movement guidelines (Canadian Society for Exercise Physiology, 2020). These
guidelines advise limiting the amount of SB to 8 hours or less through the day and
limiting leisure SB to 3 hours per day. These guidelines also suggest breaking up
long periods of sedentary time through the day. Nevertheless, further evidence is
still needed to complement these guidelines, and to understand how reducing SB

can help to improve health.

There is growing evidence around the reduction of the negative effects of SB on
health by engaging on high levels of PA. As mentioned earlier in this chapter, the
CMO PA recommendations for adults suggest performing at least 150 of moderate
intensity PA or 75 minutes per week on vigorous intensity PA and carry out muscle
strengthening activities at least twice per week to obtain various health benefits
(Department of Health and Social Care, 2019). Some of these health benefits are
reduced all-cause mortality risk, increased quality of life and benefits on cognitive,
mood and mental health (Nakagawa et al., 2020; Posadzki et al., 2020). Despite
these health benefits, literature suggests that to be able to reduce the health
problems that come from prolonged SB is necessary to perform higher levels of PA

than the recommended by the PA guidelines.

Three systematic reviews have signalled those individuals performing higher
levels of PA (than suggested by the PA guidelines) might be able to counteract
negative health effects of SB. Specifically, eliminating the risk of all-cause, CVD and
cancer mortality (Ekelund et al., 2019; Ekelund et al., 2020). A systematic review

evidence from Blond et al. (2020) also indicated that individuals with high levels of
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PA (5 — 7 times above the guidelines) showed lower CVD and all-cause mortality

which are detrimental problems derived from prolonged SB.

Ekelund et al. (2019) systematic review and meta-analysis suggested that
having high levels of MVPA (50 — 65 minutes per day/week) can attenuate the
negative health associations between SB with CVD and cancer mortality. However,
this attenuation was weaker in individuals who sat for over 8-hour periods per day
and had low levels of PA during the day (from 5 minutes to 35 minutes per
day/week). These findings do come mainly from self-reported data which is

subjected to recall bias and social desirability (Althubaiti, 2016).

Another systematic review by Ekelund et al. (2020) (over 44 000 adults)
addressed the shortcomings from the previous systematic review and summarised
data from studies measuring device assessed PA and SB (using accelerometers).
Findings from this review suggested that individuals sitting for over 8 hours per day
but performing 30 to 40 minutes of MVPA during the day, could attenuate the
adverse consequences of elevated SB including lower all-cause mortality risk.
However, this attenuation was less noticeable in people sitting for over 8-hour
periods and performing the lowest levels of PA during the day (10.6 — 27.0 minutes

of MVPA per day), thus increasing their all-cause mortality risk.

To summarise these findings, the negative associations between SB, PA and
health are primarily attenuated in people who meet or exceed the PA
recommendations. However, this attenuation is lower for people who do not meet
the PA recommendations and engage in sedentary bouts of over 8-hour per day.
This meaning that mortality, CVD and cancer risks increases when people are less

physically active and more sedentary.

Achieving the PA guidelines and surpassing them is challenging for many adults

worldwide. Guthold et al. (2018) indicated that over a quarter of adults were
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physically inactive in 2016 with a global prevalence of 27.5%. In Scotland, the latest
report of the Scottish Health Survey (The Scottish Government, 2020) indicated
that less than half (46%) of Scottish adults (over 16 years) were meeting these
guidelines in 2020. The number of adults reporting meeting the PA guidelines also
decreased by age. It is also suggested that office workers who work for long hours
(e.g., over 7 hours per day) were less likely to engage in PA in their free time
(Clemes et al., 2014). Furthermore, these workers accumulated high levels of SB

after work on leisure SB (e.g., reading, watch TV).

A main concern is then that sedentary workers might not be able to meet and
exceed the PA recommendations in their free time. Hence, not being able to
counteract the detrimental health outcomes from prolonged SB. Further evidence
exploring the reduction of health-related problems derived from SB is still needed.
This evidence should also consider the high global inactivity levels. A proposed
alternative is displacing SB with other movement behaviours to reduce SB and

achieve optimal health. This is discussed in the next sub-section.

Displacing SB health effects with PA

Recent research exploring the 24-hour jointly associations between SB and PA
has indicated that displacing SB with PA has positive effects on health (Farrahi et al.,
2021; Grgic et al., 2018). An example of this is provided by Grgic et al. (2018)
systematic review which explored an iso-temporal substitution model to analyse
replacing SB with PA for health benefits. Findings from this review suggested that
reallocating SB to light PA (LPA) or MVPA are significantly associated with a
reduction in mortality risk, adiposity and cardiometabolic markers adults in adults.
Specifically, reallocating one-hour of SB to one-hour of MVPA or LPA was indicated
to reduce mortality risk in adults (42% for MVPA, 18% for LPA,). These findings also
suggest that higher PA intensity provides further health benefits when compared to
lighter PA intensity. These findings come from mainly device assessed data, and

studies had moderate to high methodological quality. However, considering all the
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movement behaviours that occur during 24-hour day it was noticeable that sleep
duration was unaccounted for. This limitation could have influenced the results due
to the low energy expenditure of sleeping (-1 MET). Nevertheless, other studies

have addressed this shortcoming and they are discussed below.

Supplementary evidence from a longitudinal study (over 10 000 and a follow-up
46-year period) by Farrahi et al. (2021) identified associations between SB, PA with
cardiometabolic markers. This study also accounted for other movement
behaviours such as sleep duration and their reallocation into PA, to reduce health
problems. Findings from this study indicated that groups of people with the lowest
SB and the highest PA per day had higher benefits on cardiometabolic markers
when compared to the group with the highest SB and lowest PA. Moreover,
reallocating 30 minutes of SB, sleep and LPA to MVPA per day significantly favoured
cardiometabolic markers. These favourable effects were also observed when
reallocating 60 minutes from SB and sleep time to LPA. On the contrary, reallocating
further time to SB and sleeping (and reducing daily MVPA and LPA) were

significantly associated with adverse cardiometabolic markers.

In summary, reallocating SB to LPA and MVPA appears to be useful to decrease
health problems linked to SB. However, higher levels of LPA (when compared to
MVPA) are needed to reduce SB health problems. The reallocation of SB to LPA
during the day might be a useful form that could provide many benefits for
sedentary workers health. Moreover, LPA activities could be added during working
hours. Other factors to reduce SB should also be considered, for example, what
strategies are the most effective to reduce SB at work. These are considered in the

next section.

Reducing SB in the workplace

When considering the high prevalence of SB in office workers, it is useful to

acknowledge different strategies that might be helpful to reduce SB in the
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workplace. A systematic review and meta-analysis (34 studies) by Shrestha et al.
(2018a) suggested effective strategies to reduce SB in the workplace. Findings
indicated that there was significant evidence of sit-stand desks contributing to an
average reduction of 100 minutes of sitting per 8-hour workday (95% CI [116, -84]),
when compared to seated desks. This reduction was observed up to a 3-month
follow-up period. No significant effects were found for workplace policy changes
and walking strategies implementation (MD -15 minutes per day). Short breaks
(e.g., 5-minute breaks) significantly reduce sitting time for 40 minutes per day at
short or medium-term follow-up (up to 3 months, and up to 12 months

respectively).

An additional systematic review and meta-analysis (26 studies) by Chu et al.
(2016) showed a reduction in sitting of 39.6 minutes per 8-hour workday (95% ClI, [-
51.7, -27.5]). The highest reduction was observed in studies using multicomponent
interventions, specifically using sit-stand workstations combined with behavioural
and educational changes. This showed a reduction of 88.8 minutes per 8-hour
workday (95% Cl, [-132.7, -44.9) in multi-component, environmental changes and
educational-behavioural interventions also reduced sitting per 8-hour workday (-
72.8 minutes, 95% Cl [-104.9, -40.6]; -15.5 minutes, 95% Cl [-22.9, -8.2]
respectively). Both reviews suggest that sit-stand desks are useful to reduce SB at
the workplace. However, literature suggests that standing for prolonged periods

might not be sufficient to reduce negative health outcomes.

A systematic review (9 studies) from Saeidifard et al. (2020), indicated that
replacing sitting with standing bouts of 30 minutes had slightly significant positive
effects on cardiovascular risk factors (low levels of fasting blood glucose and body
fat) in intervention groups (standing) versus control groups (sitting). These findings
were from relatively small samples (10 to 65, and 15 to 68 participants for control
and intervention groups, respectively) with only two studies with over a hundred

participants (95 to 144, and 136 to 173 participants for control and in intervention
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groups, respectively). Additionally, only two studies had follow-up periods of over 6
months (one study reported 6-month, one study reported 12-month follow-up),

with the rest of the evidence having short follow-up periods (5 days to 3 months).

Supplementary primary evidence from Peddie et al. (2021) made a comparison
between the acute effects of prolonged sedentary time (6 hours), prolonged
standing (6 hours) and activity breaks (2 minutes walking every 30 minutes of
sitting) on vascular function and postprandial glucose. In relation to vascular
function, blood flow increased during the activity breaks condition and the standing
conditions. However, the effects on this outcome only remained for 60 minutes in
the standing condition, whereas the blood flow increase remained for the 6-hour
period in the activity breaks group. Similarly, postprandial glucose was reduced only
during the activity breaks conditions, but not during the prolonged sedentary time

and prolonged standing conditions.

There is also evidence that prolonged standing causes negative effects in the
musculoskeletal (MSK) system, contributing to MSDs development. A large sample
(32,970) cross-sectional study from Jo et al. (2021) signalled that adults engaging in
prolonged standing (for some or most of their working day) suffered from presence
of MSK symptoms in lower limbs, LBP, and general body fatigue. A proportional
correlation was also found between standing hours and MSK symptoms. Findings
indicated that when standing hours increased MSK symptoms did accordingly.
These findings were taken from different work backgrounds and not just sedentary

workers. Therefore, the working conditions might differ from desk-based work.

Individual primary evidence from an observational study (Smith et al., 2022)
signalled that 84% of participants experienced MSK symptoms after standing for a
two-hour period. It was also reported the onset of MSK symptoms (lumbar area,
lower extremity, and ankles and feet) began after 30 minutes of standing, and

further increases were observed at the end of the 2-hour period. Findings were
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taken from a relatively small sample (69 participants) in single-session acute
settings. Thus, limiting the understanding of the development of MSK symptoms

over longer term interventions.

From both primary evidence studies, it can be implied that prolonged standing
can also contribute to MSDs development, and in observational settings the pain

onset can start from standing for 30 minutes.

Further evidence from an expert panel in SB provided relevant considerations
for SB reduction (Biddle et al., 2019). Concluding remarks from the authors signalled
that both prolonged sedentary time and prolonged standing were negative for
health. Even though standing provided health benefits, these were attributed
mainly to the change of posture, and not the standing posture itself. Another main
finding indicated that breaking up sitting with movement breaks, involving postural
change, were key to reducing the negative health outcomes derived from prolonged
sedentary time. This evidence however comes from an expert panel opinion which
according to the evidence-based practice in health hierarchy of ‘best evidence’, this
is at the bottom of the hierarchy due to its lack of rigour methodology, and needs to
be taken cautiously (University of Canberra, 2022). Nevertheless, these knowledge

is useful to provide insights of the current directions of the SB research.

The use of sit-stand desks seems to be an important form to reduce SB in the
workplace. However, there are also other considerations in relation to this, such as
the cost of these workstations for organisations, and the recognition that some
people might not be able to stand for prolonged periods (e.g., individuals with
mobility problems). In addition, evidence suggests that replacing sitting with
standing might not be sufficient to reduce the health problems associated with
prolonged SB (e.g., cardiovascular markers, vascular function, and postprandial

glucose), including MSDs.
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From the evidence presented above, it seems that activity breaks provide
further benefits in various markers, especially when compared to only sitting and
only standing conditions. Current literature, including the expert consensus study
(Biddle et al., 2019) and the 24-hour Canadian movement guidelines for adults 18-
64 (Canadian Society for Exercise Physiology, 2020) have suggested that breaks
from sitting might be helpful to reduce detrimental health outcomes of prolonged

sedentary time.

Breaks from sitting

Breaks from sitting, or sedentary breaks, are defined by the Sedentary
Behaviour Research Network (SBRN) as “non-sedentary activities taking place
between sedentary bouts” (Tremblay et al., 2017). For the purpose of this thesis,
breaks from sitting, or ‘active breaks’ (Waongenngarm et al., 2018), refers to breaks

involving postural change (e.g., standing, standing and stretching, walking).

There is evidence suggesting LPA is to be useful to protect against the negative
health effects of SB (Ekelund et al., 2020; Farrahi et al., 2021). A systematic review
(44 studies) from Saunders et al. (2018) indicated that breaking up sitting time
every 20 to 30 minutes with bouts of LPA and MVPA significantly reduced acute
glucose (ES=-0.36) and insulin levels (ES=-0.37). Both results were indicated when
compared to only sitting conditions, and regardless the breaks intensity. A main
limitation of this evidence is that studies were quite diverse with a large range of
break frequency (e.g., every 10 — 30 minutes), break intensity (LPA to MVPA), and
break type (e.g., standing, walking on a treadmill). There were also large differences
on testing periods ranging from 1 hour and up to 24 hours. These longer testing

periods might not apply to the occupational SB domain.
Further evidence from Farrahi et al. (2022) has observed that individuals that

are able to engage in any type of PA intensity bout, from LPA to MVPA, might obtain

benefits on cardio-metabolic health by reallocating SB to PA. From this evidence, it

24



also seems apparent that active breaks from sitting might be promising to reduce

metabolic conditions.

In relation to break frequency, an unique 3-year period longitudinal study has
presented evidence of the association between the length of sedentary bouts, and
metabolic syndrome risk in office workers (Honda et al., 2016). After a 3-year
annual follow up, positive associations were found between sedentary bouts of
over 30 minutes and risk of metabolic syndrome. On the other hand, no association
between risk of metabolic syndrome and time spent in non-prolonged sedentary
bouts (less than 30 minutes) was found. Thus, suggesting that breaking up sitting

every 30 minutes might benefit these outcomes.

To summarise it can be suggested from this evidence that frequent breaks from
sitting (e.g., every 20 — 30 minutes) are promising to reduce risk of metabolic
syndrome, and cardio-metabolic markers in adults. Also, it is suggested these breaks

need to include some postural change to achieve these benefits.

Breaks from sitting and MSDs

Publications in relation to breaking up prolonged SB and its effects on MSDs
have increased in the past years. Four systematic reviews have sought to synthesise
evidence of the effects of breaks from sitting on MSK outcomes, though findings are
contradictory (Agarwal et al., 2018; Luger et al., 2019; Parry et al., 2019;
Waongenngarm et al., 2018).

A systematic review (6 studies) from Luger et al. (2019) found no significant
effects for active breaks (e.g., walking, high intensity exercises) on self-reported
pain, discomfort or fatigue when compared to passive breaks (e.g., breaks with no
postural change). A systematic review (10 studies) from Parry et al. (2019) indicated

that interventions using sit-stand desks and treadmills did not have a considerable
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effect on LBP, upper back, neck, pain, shoulder, elbow, hand or knee pain intensity,

in comparison to no intervention.

Two other systematic reviews found positive effects of active breaks from
sitting on LBP. Waongenngarm et al. (2018) systematic review (11 studies) found
evidence of four types of breaks, active breaks with postural change (e.g., standing
and move around), active breaks without postural change (e.g., sitting and
stretching), passive breaks (e.g., sitting while relaxing), and standing breaks (e.g.,
sit-stand schedules) while performing computer tasks. From these breaks, the most
effective break to reduce LBP while maintaining productivity was active breaks with
postural change while seated. However, there was also evidence that standing
breaks, and breaks without postural change were helpful for discomfort prevention.
On the other hand, passive breaks were indicated to be ineffective for both

discomfort reduction and prevention.

Additional review evidence (12 studies) from Agarwal et al. (2018) aimed to
explore the effects of using sit-stand breaks on LBP in adults with and without MSK
symptoms. Findings from this review indicated that sit-stand schedules were useful

to slightly reduce LBP in participants catalogued as pain-free.

It is clear that the available published evidence exploring MSK symptoms
reduction by using breaks from sitting is mixed. Findings from these reviews do
come from low-quality studies and a low number of studies have highly
heterogeneous break protocols. This makes it difficult to draw further conclusions
to understand the effects of breaks from sitting on MSK symptoms. These reviews
are also limited to self-reported data, which seems to be predominant in both SB

and MSK literature.
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In summary, breaks from sitting appear to provide positive health effects and
reduce SB. However, additional research is still needed to understand this

association.

Behaviour change to reduce SB

Recapitulating the evidence presented in previous sections, it can be noticed
that SB entails various aspects (e.g., domain, lifestyle). It appears that individuals
engaging in occupational SB, also engage in further SB during their leisure time
(Clemes et al., 2014). Considering this, it seems essential to understand the factors
influencing SB to be able to reduce this behaviour. Behaviour change theories have
been employed in occupational research, and its use appears to be effective to
identify factors influencing SB. Thus, this element would be essential to target

occupational SB reduction.

Systematic review evidence suggests that understanding these factors might be
helpful to inform interventions to reduce SB and yield positive reductions. For
example, a systematic review from Chu et al. (2016), found that behavioural
interventions achieved a reduction in sitting of 15.5 minutes per workday in the
workplace. Additional evidence from a systematic review from Peachey et al. (2020)
also indicated that interventions targeting behavioural change in the workplace

achieved reductions in sitting of 23 minutes per workday.

Primary evidence has also provided information on what factors are the most
relevant to reduce SB at the workplace. A study by Munir et al. (2018) which
undertook interviews to office workers reported the most relevant factors
influencing occupational SB in the workplace. Findings suggested that interventions
targeting education, training, environmental restructuring, incentivisation, and goal-

setting would be necessary for this population to reduce their SB.
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These examples provide information about specific factors needed for office
workers to change their SB. However, these factors are likely to vary in accordance
with each population. With recent changes in the work landscape, it is necessary to
understand the factors influencing SB in the home environment. Behaviour change
appears to be indispensable for SB reduction and can only be achieved by
understanding the factors influencing SB. Chapter 4 (study 3) presents the most
relevant aspects in literature related to behaviour change theories, and SB

reduction at the workplace and home.

Summary and knowledge gap
The global burden of MSDs is considerably high and has increased in the past
years, with billions of people suffering from a painful MSD worldwide (Abrams et
al., 2020). Painful MSDs can lead to early retirement due to mobility reduction
(Ingram & Symmons, 2018). In addition, MSDs are the second most common cause
for job absenteeism in the UK (Office for National Statistics, 2021). The accounted
cost of treating MSDs is also burdensome for global health systems (Dieleman et al.,

2020; Versus Arthritis, 2021).

SB has been identified as a risk factor for MSD development (Dzakpasu et al.,
2021). Also, SB has been found to be detrimental for various physical and mental
health outcomes, adding burden to health systems (Ellingson et al., 2018; Saunders

et al., 2020).

It seems evident that office workers engage in high levels of prolonged
occupational SB during work, and they are likely to engage in further SB after
working hours (Clemes et al., 2014). Consequently, this population is likely to be at
risk to develop various health problems (e.g., cardiovascular conditions, metabolic

disorders, cancer), and painful MSDs.
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Research evidence has pointed out that the health problems associated with
prolonged SB might be decreased by carrying out higher levels of PA (over 50
minutes per day) than the recommended PA guidelines (Ekelund et al., 2019;
Ekelund et al., 2020). Moreover, the high levels of PA seem to be only protective
when individuals have a SB lower than 8 hours per day and perform over 30
minutes of MVPA per day (Farrahi et al., 2021). Many adults might not have the
opportunity to reduce their SB through the day, nor meet and surpass these
guidelines as levels of physical inactivity worldwide are high (Guthold et al., 2018).

Therefore, the negative health risks in office workers are likely to linger.

Various strategies to reduce SB in the workplace have been explored by
research. Some research has considered sit-stand workstations to reduce SB in the
workplace (Chu et al., 2016; Shrestha et al., 2018a). However, the acquisition of sit-
stand workstations might result in high costs for organisations. In addition, evidence
suggests that prolonged standing is also associated with the development of MSK
symptoms in office workers (Jo et al., 2021; Smith et al., 2022). Standing also
appears to be insufficient to reduce cardiovascular and metabolic markers

(Saeidifard et al., 2020).

A possible alternative to reduce SB and the negative health outcomes are
taking breaks from sitting. Specifically, breaks involving postural change including
some form of LPA. These breaks are suggested to benefit cardiometabolic markers,
cancer and mortality risk (Ekelund et al., 2019; Ekelund et al., 2020; Grgic et al.,
2018). In addition, the reallocation of SB to LPA activities (by 60 minutes per day)
could be beneficial to sedentary workers and these activities can be easily spread

throughout the day.

Breaks from sitting seem to not require additional costs for organisations and

can be added to a work schedule without taking a high amount of worker’s time.

Systematic review evidence has indicated positive effects of breaks from sitting with
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postural change on LBP reduction and prevention (Waongenngarm et al., 2018).
Nevertheless, evidence on the use of breaks from sitting to reduce MSDs

development in office workers is limited and mainly based on self-report measures.

Additional considerations also need to take place for office workers to reduce
their occupational SB. For example, it seems evident that interventions need to
target various aspects of SB such as understanding the underlying factors of this
behaviour. Understanding these factors is essential to target behaviour change in
sedentary individuals and achieve SB reduction. The next section details the thesis

aims, objectives and methodology.

Thesis aim, objectives and methodology
A mixed-method approach was used for this PhD thesis. The methodology of
the thesis encompassed three studies and each study addressed a research

objective of the thesis.

The overall aim of this thesis was to expand knowledge of the role of breaks
from sitting as a strategy to reduce MSKs symptoms and occupational SB in office
workers. The thesis objectives were:
1. To systematically review the literature of the effects of breaks from sitting
on spinal MSK symptoms in sedentary workers.

2. Explore SB and MSK symptoms prevalence in University of Edinburgh desk-
based staff working from home.

3. Identify factors influencing SB and breaks from sitting in University of

Edinburgh desk-based staff with MSK symptoms while working from home.

Thesis methodology

The first study was planned to explore evidence in relation to the effects of
breaks from sitting on MSK symptoms. In view of the identified prevalence of spinal

pain (e.g., LBP, neck pain, upper back pain), this review aimed to synthesise primary
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evidence of the effects of breaks from sitting on spinal outcomes in sedentary
workers. As most of the available published evidence came from self-report, two
objectives were established for this systematic review. The first objective was to
review literature of the effects of the breaks from sitting from device assessed
spinal musculoskeletal outcomes in sedentary workers. The second objective was to
compare the effects of breaks from sitting between device assessed spinal
outcomes and self-reported spinal outcomes in this population, when available.
Results from this systematic review were used to inform and plan the second study
for this thesis. The methodology for the second study was revised due to the

COVID-19 pandemic, more information is presented at the end of this chapter.

The confinement periods due to the COVID-19 pandemic forbid office workers
to access to their regular workplaces. With new COVID-19 variants emerging
regularly, the end of the confinement periods was uncertain. Prior to the pandemic,
some desk-based workers had the opportunity to carry out some of their work
activities while staying at home. However, this change had been gradual.
Conversely, during the pandemic confinement periods, office workers were

required to carry out their work activities at home.

Considering these changes in the work landscape, the purpose of the second
study of this PhD was to increase knowledge on various outcomes related to the
working from home environment, including SB and MSK symptoms prevalence. This
was a cross-sectional and quantitative study focused on University of Edinburgh
staff. The study aim was to explore differences in MSK symptoms prevalence
between groups defined by occupational sitting time, breaks from sitting and
ergonomic chair settings in staff from the University of Edinburgh. Research
objectives were to describe occupational sitting time, breaks from sitting,
ergonomic chair settings and musculoskeletal symptoms prevalence in University of
Edinburgh staff while working from home (WFH). The findings from the second
study (high prevalence of MSK symptoms in University of Edinburgh staff and an
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elevated time engaging in prolonged sedentary time while WFH) were used to

develop the third and final study of this PhD thesis.

The purpose of the third study of this thesis was to explore factors influencing
SB and breaks from sitting in desk-based University of Edinburgh staff with MSK
symptoms while WFH. The study was a qualitative study and aimed to identify the
most common barriers and facilitators to reduce SB at the home environment, by
undertaking a behavioural diagnosis. The behavioural diagnosis was carried out
using the COM-B model which is a theory-based model formed by three constructs
(Capability, Opportunity and Motivation). This model was used in combination with
the Theoretical Domains Framework (TDF). Both models were used to identify
barriers and facilitators to reduce SB in office workers with MSK symptoms while
WFH. Findings from this study were valuable to support staff with MSK symptoms
to reduce their SB while WFH.

The impact of the COVID-19 pandemic on the methodology of
this thesis

As mentioned earlier in this chapter, a global pandemic was declared by the
WHO in March 2020 (World Health Organization, 2020a). Confinement periods
were established worldwide to slow down the spread of the virus and the
saturations of hospitals. Schools, recreation centres, non-essential shops and
workplaces were closed to the public to prevent further contagion (Cucinotta &
Vanelli, 2020). Due to the confinement periods, office workers were forced to start
and continue working from home. These rapid changes also brought many
challenges surrounding the methodology of this PhD thesis, and the focus had to
realign accordingly. On the other hand, these changes also created an opportunity
to undertake novel research at a different work environment, the home
environment. Additional information on the methodology changes is presented at

the end of chapter 2.

32



The following three chapters describe exhaustively each individual study

undertaken to address the aim and objectives of this thesis.

33



Chapter 2. A systematic review of the effectiveness of
breaks from sitting on device assessed musculoskeletal
spinal outcomes in adults with sedentary occupations.

This chapter contains the first study of this PhD. The purpose of this study was
to address the lack of literature around the device assessed effects of breaks from
sitting on spinal MSK outcomes. The study was also planned with the view of the

high prevalence of spinal symptoms in workers with high levels of occupational SB.

Background

MSDs are non-communicable diseases that affect various bodily tissues such as
muscles, bones, soft tissues and joints (Ingram & Symmons, 2018). MSDs are
characterised by inflammation, which leads to pain and discomfort of the affected
area(s), and ultimately to mobility problems (Ingram & Symmons, 2018). The global
prevalence of MSDs has increased by 17% from 2007 to 2017, raising the YLDs
prevalence accordingly (Stanaway et al., 2018). MSDs also lead to job absenteeism
and early retirement due to mobility reduction caused by pain and discomfort
(Ingram & Symmons, 2018). In the UK, MSDs were the second most common cause
for job absenteeism in 2020 (Office for National Statistics, 2021). In England
approximately £171.2 million were spent on costs related to MSDs in 2020 (Versus

Arthritis, 2021).

From all the conditions considered MSDs, low back pain (LBP) is in the top 10 of
leading causes for disability worldwide in adults at a working age (18-65) (Abrams et
al., 2020). LBP has also been identified to contribute to morbidity levels of overall
DALYs burden in UK, having higher levels than heart disease and lung cancer (Steel
et al., 2018). Cost-wise, LBP accounts for an average of 400 million pounds per year

in costs to the NHS in the UK (Versus Arthritis, 2021).
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If untreated, MSDs can lead to additional health concerns such as neuropathic
pain (e.g., sciatica), radiculopathies, decreased mobility and increased disability in
individuals, causing high costs for the global population (Gore et al., 2012;
Hartvigsen et al., 2018). Between 2019 and 2022, it was reported that UK adults in
labouring years (18 — 64) had a 31% increase for job absenteeism due to long-term
sickness related to back and neck pain (Office for National Statistics, 2022). Thus,
indicating that spinal MSDs are a health concern that need to be addressed to avoid

further health issues.

SBs are low expenditure waking activities of <1.5 METs carried out while sitting,
reclining or lying (Tremblay et al., 2017). SB has been associated with various
negative health outcomes including all-cause mortality, risk of various types of
cancer (e.g., colon, endometrial), CVD and type 2 diabetes (Biswas et al., 2015; Ku et
al., 2018; Patterson et al., 2018). There is also evidence suggesting that SB has
effects on depression, anxiety and mood (Ellingson et al., 2018; Huang et al., 2020;
Saunders et al., 2020). Systematic review evidence has found associations between
SB and the onset of MSDs such as LBP, neck, upper back pain, shoulder pain in

leisure and occupational SB (Dzakpasu et al., 2021).

Prolonged sedentary time and spinal MSDs

LBP, upper back pain, and neck pain are common MSDs that affect various
spinal structures (Ingram & Symmons, 2018). Evidence from a systematic review by
Dzakpasu et al. (2021) signalled that non-occupational all-day SB was associated
with LBP. From the evidence it was also found that self-reported occupational SB
had positive associations with LBP, neck pain and shoulder pain. Systematic review
evidence from Jun et al. (2017) also found an association between neck pain,
prolonged SB and computer use in sedentary adults. Authors identified various
factors that could influence this association. It was suggested that combined risk
factors, such as muscular tension, static postures and repetitive movements, along

with inadequate work-rest periods, might yield neck pain in office workers.
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Primary evidence has also found associations between prolonged sedentary
time and MSK discomfort. An observational study from Heneghan et al. (2018)
indicated reductions of thoracic mobility for individuals sitting >7 hours per day. In
addition, the reductions on thoracic mobility appeared to be higher in individuals

engaging in fewer hours of PA.

Further evidence in university students found that those who spent an average
of 13.4 hours per day in SBs (studying, leisure, transportation), had a large incidence
of moderate self-reported pain in neck (38.01%), trapezius muscle (34.87%), and
thoracolumbar area (40%), which was exacerbated by afternoon time (Caromano et
al., 2015). Moreover, students engaging in more than 2 hours of sedentary activities
per day had spinal MSK symptoms which were intensified due to their prolonged
computer use (Dockrell et al., 2015). Prolonged computer use has also been
associated with an increase in neck and LBP in office workers (Daneshmandi et al.,
2017; van Vledder & Louw, 2015). Moreover, the upper back has been found to be
particularly predisposed to develop MSDs, with 65-75% prevalence rates reported

in computer users (van Vledder & Louw, 2015).

Combined evidence provides us with an insight of the development of MSK
pain and prolonged sedentary time in combination to computer use. However, this
evidence comes mainly from self-reported MSK symptoms. This type of assessment
is subject to recall bias and social desirability (Althubaiti, 2016), thus needs to be
taken with caution. Nevertheless, this evidence is useful to further understand this

association.

Physio-pathological MSK changes are also evident in primary individual
research. Combined evidence suggests that prolonged sedentary postures (static
postures) might not provide an adequate muscular load stimulation in the back

muscles throughout the day, which contributes to the development of LBP
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(Phimphasak et al., 2016). Seated postures are monotonous and inflict mechanical
loads to the spine when performed for long periods (Pope et al., 2002). Evidence
from a controlled experiment by Kett et al. (2021) also indicated that prolonged SB

caused stiffness in the lower back when individuals had a 4.5-hour sitting period.

Another negative effect suggested by literature is the spinal flattening which
involves a reduction of intervertebral space or discs height, known as spinal
shrinkage (Pope et al., 2002; Rabal-Pelay et al., 2019). Associations between
prolonged sedentary time, back and neck pain, and spinal shrinkage have been
found previously in office workers (Rabal-Pelay et al., 2019). It was indicated that
asymptomatic office workers, assessed after an 8-hour sitting period, had significant
spinal shrinkage (Rabal-Pelay et al., 2019). Moreover, 19.5% of the participants
indicated having LBP, 22% neck pain and 31% in the upper back at the end of the 8-
hour workday (Rabal-Pelay et al., 2019). Figure 3 synthesises the acute and medium
to long-term physio-pathological changes in MSK structures occurring during

prolonged sedentary time.

Figure 3

Acute and medium to long-term MSK physio pathological changes derived from prolonged SB.
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To summarise this section, an increase on spinal MSDs has been found in
sedentary populations, especially in occupations with high levels of SB. It is
suggested that prolonged sedentary time is a risk factor for the development of
negative spinal outcomes, including pain, discomfort, spinal shrinkage. Accordingly,
strategies to break up sedentary time are necessary to reduce negative health

outcomes.

Breaks from sitting and spinal MSDs

The use of breaks from sitting has been suggested as a helpful strategy to
reduce MSK spinal symptoms in sedentary workers ((Agarwal et al., 2018;
Waongenngarm et al., 2018). Systematic review evidence from Waongenngarm et
al. (2018) synthesised evidence of the impact of breaks from sitting on LBP,
discomfort, and work productivity in office workers. From the four types of breaks
identified (active breaks with postural changes, active breaks without postural
changes, seated passive breaks, and standing breaks), active breaks with postural
change was the most effective type of break to reduce LBP (Waongenngarm et al.,
2018). Similarly, authors suggested that active breaks with postural changes and
standing breaks were effective to prevent discomfort in office workers

(Waongenngarm et al., 2018).

Additional systematic review evidence from Agarwal et al. (2018), indicated
that using sit-stand schedules as a form of breaking up sitting time decreased low
back and neck pain in healthy office workers engaging in prolonged sedentary time
(Agarwal et al., 2018). Together, these findings suggest that breaking up sitting is
beneficial to reduce MSK pain and discomfort on the spine in office workers.
Nonetheless, findings from both reviews come from a small number of low-quality

studies with high heterogeneity, which were based solely on self-reported data.
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Self-reported and device assessed measurement of
MSK symptoms

Device assessed measurement is frequently used in the PA and SB field. This
type of measurement is useful to quantify both behaviours directly. This type of
measurement can also provide further understanding of the assessed outcomes,
while avoiding several biases that come from self-report assessment (Aunger &
Wagnild, 2022). There are various tools in both fields (PA and SB) that are
recommended for device assessed measurement. For example, the accelerometer
has been considered as the ‘gold standard’ to measure SB and PA (Bakker, Hartman,
et al., 2020). Differently to SB and PA literature, MSK literature does not postulate a
‘gold standard’ to measure MSK symptoms. Hence, self-report tools are frequently

adopted when measuring these symptoms.

MSK literature has signalled the use of various scales (e.g., Visual Analogue
Scale, Nordic Musculoskeletal Discomfort Questionnaire, Cornell Musculoskeletal
Discomfort Questionnaire) to assess pain and discomfort (Dzakpasu et al., 2021).
There is evidence that the use of self-reported pain questionnaires in health are
subjected to social desirability (Althubaiti, 2016). Also, evidence suggests that
people tend to either over- or under-report self-report pain intensity for various

reasons (e.g., obtain rapid medical attention) (Boring et al., 2021).

Self-reported tools to assess MSK symptoms still provide valuable information
to detect pain and discomfort which are MSDs symptoms. However, it would be
useful to understand what the underlying factors triggering pain and discomfort
are. In addition, pain is a key marker that signposts the existence of MSK tissue
problems, and normally needs to be complemented with further clinical assessment
to identify unseen damage to bodily tissues (Hawker, 2017). This further assessment
is helpful to identify tissue inflammation, tenderness or joint stability (Hawker,
2017). The assessment of the structural changes of MSK tissues is still necessary to

understand the physio-pathological changes derived from MSDs (e.g., increase on
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spinal loads, spinal shrinkage, reduced mobility), and how these changes are related

to pain and discomfort.

The measurement of device assessed MSK outcomes seems useful to provide
supplementary data for MSK assessment. For example, Candotti et al. (2008)
provided relevant data in relation to this. Authors assessed muscle activity using
electromyography (EMG) in individuals with and without LBP. In addition, authors
distinguished between asymptomatic and symptomatic individuals by comparing
self-reported pain with EMG data. From the testing it was observed that individuals
with back pain showed low muscle activity which was indicative of muscle fatigue.
These findings suggested that symptomatic individuals have low levels of muscle
activity compared to asymptomatic individuals. Additionally, by using both types of
assessment, authors were able to distinguish between symptomatic and

asymptomatic participants in 89.5% of the cases.

Further evidence from Rabal-Pelay et al. (2019) signalled reductions on device
assessed spinal height (using a digital stadiometer) of 0.65 cm (SD 0.4) measured
while standing, and 0.60 cm (SD 0.4) measured while sitting, after an 8-hour sitting
period. An increase in upper back pain was also reported by participants, and neck
pain was statistical significantly correlated with spinal shrinkage in male
participants. This indicates that physio-pathological changes in the spine are also

accompanied by pain and discomfort.

Lastly, Cini et al. (2017) observed changes in device assessed range of motion
(using a goniometer) following a stretching intervention. Findings indicated that
stretching had provided beneficial increases on range of motion and flexibility of the

hamstrings, and lower back muscles, translating into pain reduction.

These findings are from a relatively small samples (46 — 60 participants), and

only one study was in a work setting. However, these studies allow us to
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acknowledge device assessed changes on MSK outcomes that accompany pain and
discomfort. In addition, these studies demonstrate changes in MSK structures that

cannot be assessed solely by self-report measurement.

Summary and knowledge gap

Sedentary workers are at high risk to develop spinal MSK symptoms due to a
high prevalence of SB and combined with computer use (Caromano et al., 2015;
Dockrell et al., 2015; Jun et al., 2017; van Vledder & Louw, 2015). Studies assessing
MSK symptoms in sedentary workers have mainly employed self-report
measurements to evaluate these outcomes (Jun et al., 2017). The use of self-report
measurements to assess pain or discomfort caused by MSDs is highly accepted in
research. Also, self-report measures are useful to classify pain severity. However, in
addition to pain, MSDs are characterised by inflammation and changes on internal
MSK structures (e.g., spinal discs, muscles, ligaments) (Kett et al., 2021; Pope et al.,
2002; Rabal-Pelay et al., 2019). The device assessed measurement of MSK outcomes
seems to provide valuable information about what structures are affected when

pain and discomfort is present.

In relation to breaks from sitting, systematic reviews synthesising their effects
on spinal MSK symptoms have focused solely on self-reported MSK symptoms
(Agarwal et al., 2018; Waongenngarm et al., 2018). It is of interest for this study to
understand the effectiveness of breaks from sitting on device assessed MSK
outcomes. Moreover, there is a need to understand if the effectiveness of breaks
from sitting on spinal MSK outcomes is consistent between device assessed and
self-report measurement. No published systematic reviews exploring the effects of
breaks from sitting on device assessed spinal outcomes were found during the
design of this study. Therefore, the purpose of this study was to address this gap in

literature.
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Aim and objectives
This study aimed to systematically review primary evidence of the effects of
breaks from sitting on spinal MSK outcomes in sedentary workers. The first
objective was to review literature on the effects of sitting breaks on device assessed
spinal MSK outcomes in sedentary workers. The second objective was to compare
the effects of breaks from sitting on device assessed spinal outcomes with its effects

on self-reported spinal outcomes in this population.

Methods
PROSPERO Protocol

A protocol for the systematic review was developed and published in the
International prospective register of systematic reviews (PROSPERO,

www.crd.york.ac.uk), registration number: CRD42018104105. This study followed

the steps described in this protocol, which are outlined in the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Page et al.,

2021).

Search strategy and data sources

The PICO(S) guidelines (Population, Intervention, Comparisons, Outcomes,
Study design) were used to develop the search string or syntax by using various

keywords related to the research aim (Higgins et al., 2022).

‘Reverse snowballing’ (Livoreil et al., 2017) was used to identify relevant
studies. This process consisted of using relevant sources of the topic of interest and
identifying subsequent publications that have cited these sources. Using this
process was useful to build a ‘test-list’ (Livoreil et al., 2017). The ‘test-list’ consisted
in five studies identified as relevant sources for the review aim and objectives (Balci
& Aghazadeh, 2003; Bao & Lin, 2018; Chaikumarn et al., 2018; Sheahan et al., 2016;

Thorp et al., 2014). Afterwards, the final search strings were used to make repeated
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searches into one database (Scopus) to check if the ‘test-list’ studies appeared in
the results. If any ‘test-list’ studies did not appear in the results, modifications to
the search string were made until all ‘test-list’ studies appeared in the results. Table
1 illustrates terms used in the final syntax, and possible variants expected to be

found in the final searches.

Table 1.

Keywords used in the final search string and possible variants expected to be found.

Term Variant Term Variant
Sit* Sitting Spin* Spine
Sit-stand Spinal
Sit
Seat* Seated Neck Neck
Seating
Sedent* Sedentary Work* Workers
Sedentarism Work
Working
Break* Break (s) VDU Visual display unit
operators/users
Musc* Muscle VDT Visual display terminal
Musculoskeletal operators/users
Tissue* Tissue (s) Student* Student(s)
Back Back/upper back

A final search syntax was used to carry out searches in the selected databases.
Seven databases (Scopus, MEDLINE, EMBASE, Web of Science, PubMed, CINAHL
Plus, and PEDro) were selected to carry out systematic searches, due to their
relevance to the research topic. Final records were imported to COVIDENCE

(www.covidence.org) and after duplicates were removed, a total of 9309 records

were identified. An update of this review was carried out 18 months after the first
searches, the update took place in March 2020. Systematic searches were carried
out in the same databases used for the first systematic searches (Scopus, MEDLINE,
EMBASE, Web of Science, PubMed, CINAHL Plus, and PEDro). A total of 4356

additional records were imported to COVIDENCE, and after duplicate removal, 2193
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records were included for title and abstract screening. Figure 4 illustrates the

process through a PRISMA diagram, this figure is presented in the results section.

Study selection and eligibility criteria

PICO(S) guidelines from the Cochrane Collaboration (Higgins et al., 2022) were
used to establish inclusion and exclusion criteria for study selection. During the
design of the study, it was evident that office workers are at a high risk to develop
MSK spinal symptoms. However, it was also identified that other sedentary
populations, such as students (Caromano et al., 2015; Dockrell et al., 2015), might
be also at risk of developing spinal symptoms due to their prolonged SB. Therefore,
the inclusion criteria for the population were expanded to sedentary populations
and not solely focused on office workers. Widening the inclusion criteria for studies
still addressed the research question which aimed to understand the effects of
breaks from sitting on MSK spinal symptoms. Table 2 illustrates the inclusion and

exclusion criteria for studies included in this review following the PICO(S) guidelines.

Table 2.

Inclusion and Exclusion Criteria based on PICO(S) guidelines.

Category Inclusion Exclusion

Population Participants were adults from  Studies where the participants
18 — 65 years old engaging in have pre-existing conditions:
prolonged sedentary time neurological diseases (e.g.,
either for work or education; cerebral palsy, Guillain-Barre,
with or without the presence motor neuron disease), any type
of spinal pain or discomfort of arthritis (e.g., degenerative,

gout), autoimmune conditions
(e.g., lupus, rheumatoid arthritis),
whiplash, herniated disc,
fibromyalgia, etc. Studies with
non-sedentary population (e.g.,
nurses)

Intervention Studies using breaks from Studies not using ‘active’ breaks
sitting with postural changes from sitting (breaks without
postural change), studies
evaluating the effects of long
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Category

Inclusion

Exclusion

Comparison

Outcome

Study design

Studies comparing any type of
break versus each other, or
with sitting conditions

Studies with at least one
musculoskeletal spinal
outcome assessed, using
device assessment

RCTs, non-RCTs, quasi-
experimental studies, cluster
randomised trials, cross-over
trials, within-subjects,
repeated measures

exercise programmes in the office
(e.g., 1-hour programme)
None

Studies assessing only self-
reported changes on spinal
outcomes

Systematic, scoping or narrative
reviews or any study synthesising
primary research findings,
qualitative studies, cross-
sectional studies

Title and abstract screening

The screening tool was piloted by two reviewers when screening the first
hundred articles. Inter-rater reliability was calculated using Cohen’s kappa
coefficient (McHugh, 2012), and results from the pilot screening kappa coefficient
were: 1.00 (perfect agreement). Following pilot screening, 10% of the total records
were screened by the second reviewer with an inter-rater reliability of: 0.85 kappa
coefficient (strong agreement). All records were screened twice by the first
reviewer, and intra-rater reliability was strong agreement (kappa 0.80). During the
review update, one reviewer carried out 100% of title and abstract screening (2,193
records), and a second reviewer carried out 10% of the total records (224 records),
with almost perfect agreement (kappa 0.97). Disagreements (three records) were
examined by both reviewers, and after discussion it was agreed to exclude those

three records.

Full-text screening

Four reviewers were involved at the full-text screening stage during the first
searches, and three reviewers during the review update. Studies included for first

stage screening (n=63) were screened by the main reviewer and divided in three
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sets to allocate to the other three reviewers (21 records per reviewer).
Disagreements were solved with the involvement of either one of the three
secondary reviewers not involved in the allocated study (kappa 0.43, moderate
agreement). During the review update, nine records (n=9) were identified. Three
reviewers carried out 100% of full-text screening at this stage (3 studies each), with
a 100% agreement and a kappa value of 1.0 (perfect agreement). None of the new
records fulfilled the inclusion criteria of the review and did not continue to the data
extraction stage. Figure 4 (presented in the results section) illustrates the
systematic review process using a PRISMA flow diagram. This figure illustrates
separately the results for the first and review update searches (first

searches/update searches).

Data extraction

Three reviewers were involved in the data extraction stage. From the 12
studies, the main reviewer extracted data for all the records, and the other two
reviewers were independently allocated half of the studies each (n=6). Afterwards,
comparisons were made between two reviewers for coherence and agreement
using Excel spreadsheets. The Cochrane guidance for collecting data (Li et al., 2019)
was followed and the subsequent data were extracted: type of study, participants,
types of interventions, types of comparisons, types of outcome measures, and

results.

Quality assessment

Three reviewers were involved in the process, and the main reviewer carried
out 100% of the quality assessment, while the other two reviewers assessed half of
the included studies each (n=6). The Mixed Methods Appraisal Tool (MMAT) (Hong
et al., 2018) was used to carry out quality assessment of the included studies due to

its broad usefulness to appraise different designs of empirical studies.
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Two categories (categories 2 and 3) from the MMAT guidance were selected to
report quality appraisal of the studies. Category 2, named ‘quantitative randomised
controlled trials’ comprised five questions (2.1. Is randomization appropriately
performed?, 2.2. Are the groups comparable at baseline?, 2.3. Are there complete
outcome data?, 2.4. Are outcome assessors blinded to the intervention provided?,
2.5. Did the participants adhere to the assigned intervention?). Category 3, named
‘quantitative non-randomised’ also comprised five questions (3.1 Are the
participants representative of the target population?, 3.2. Are measurements
appropriate regarding both the outcome and intervention (or exposure)?, 3.3. Are
there complete outcome data?, 3.4. Are the confounders accounted for in the design
and analysis?, 3.5. During the study period, is the intervention administered (or
exposure occurred) as intended?). Each individual questions from the categories

included three types of answers for each question (‘Yes’, ‘No’, ‘Can’t tell’).

As MMAT guidance suggests to not assign a quality score to the included
studies, the quality of the included studies included were reported taking account
the percentage of the MMAT criteria they met. As each MMAT assessment category
contains five items, each ‘Yes’ response was assigned a 20% value (100/5=20),
whilst ‘No’ and ‘Can’t tell” were assigned a 0% value as MMAT guidance suggests

that these values indicate poor reporting.

Data synthesis

Studies included in this review were found to be heterogeneous in a variety of
aspects, clinically (participants, interventions, outcomes), methodologically (study
design, quality assessment) and statistically (findings) (Higgins et al., 2022).
Furthermore, as the conditions assessed by the included studies were diverse
(break type, frequency, duration), and study findings were heterogeneous, it was
decided to not carry out a meta-analysis. The synthesis without meta-analysis
(SWiM) guidance was used to inform the methodology used for the data synthesis

process (Campbell et al., 2020)
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Synthesis without meta-analysis (SWiM)

In order to improve transparency and clarity, the approach to analysis was
reported in line with Synthesis Without Meta-analysis (SWiM) guidance (Campbell
et al., 2020). The SWiM guidance comprises seven components of value to guide the
reporting of quantitative data in systematic reviews when it is not appropriate to
conduct a meta-analysis. These seven components of this guidance are: 1. Grouping
studies for synthesis, 2. Describe the standardised metric and transformation
methods, 3. Describe the synthesis methods, 4. Criteria used to prioritise results for
summary and synthesis, 5. Investigation of heterogeneity in reported effects, 6.

Certainty of evidence, 7. Data presentation methods.

Heterogeneity (related to SWiM item 5)

As studies were clinically and statistically different (Higgins et al., 2022),
findings were considered heterogeneous. Hence, a meta-analysis was not carried
out. Tables were created to examine the heterogeneity of the findings for the
studies included in this review. Tables 5a, 5b, 6, 7a, 7b and 8 (presented in the

results section) illustrate the heterogeneity of study findings.

Data synthesis of intervention effects (related to SWiM 1-4, 6, 7)

Results were organised by describing patterns across the studies and reporting
significant direction of effects and effect sizes (Popay et al., 2006). The direction of
intervention effects with statistical significance (favoured or not favoured) was
emphasised to identify patterns of intervention effectiveness following Popay’s

guidance (Popay et al., 2006).

Studies were grouped by design and intervention duration, resulting in three
groups: i) single intervention session study (within-subject design); ii) single
intervention session study (randomised controlled trials); and iii) studies >1
intervention session (weekly and monthly, between study designs). All between

study designs were RCTs, although participants from Blasche et al. (2013) chose
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which group they wanted to be randomized into. Statistical significance was
illustrated by indicating the direction of the intervention effects (when available)
and representing the number of comparisons that were significantly favoured in
contrast to all the comparisons (e.g., 1/10 meaning that only one comparison of 10

was significantly favoured).

Effect sizes were calculated using Cohen’s D standardised mean difference
(Cohen, 2013) where possible (if pre to post intervention data were provided).
These were represented as trivial (under 0.2), small (0.2), moderate (0.5), and large
(0.8). If pre to post data were not presented, change scores were calculated using
mean change from pre to post intervention data, from both control and
intervention group (Linn & Slinde, 1977). Missing data were handled by contacting
authors to obtain access to raw data. If authors did not reply (after two emails) data
were represented as Not available (NAvail). For studies where pre to post data were
not presented, authors reports (e.g., in text synthesis) were used to demonstrate
intervention effects. In addition, when data were not presented in text synthesis
the software WebPlotDigitazer (Version 4.6; Rohatgi, 2022) was used to extract data

from figures presented in the paper (Li et al., 2019).
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Results
There were 11,502 records found in the systematic searches, 71 full text studies
were reviewed, and 12 studies met inclusion criteria. Figure 4 illustrates the number
of records (first searches/review update) retrieved from systematic searches in

different databases.

Figure 4

PRISMA flow diagram illustrating the systematic review process of study selection
during first search/update search.
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Description of studies

Study characteristics

Table 3 details the study characteristics from the twelve included studies.
Studies were conducted in the USA (n=3), Canada (n=3), an Austria (n=1), Sweden
(n=1), Saudi Arabia (n=1), Malaysia (n=1), China (n=1), and Thailand (n=1). A large
range of publication dates were included, the most dated being from 1996 and the
most recent from 2018. Two types of study designs were utilized in these studies,
half (n=6) were within-subjects designs, and the other half (n=6) were between
subject with a RCT study design. Seven studies were conducted in workplace
settings (Bao & Lin, 2018; Billy et al., 2014; Blasche et al., 2013; McLean et al., 2000,
2001; Shariat et al., 2017; Tsauo et al., 2004), four were conducted in university
laboratories (Mathiassen & Winkel, 1996; Mohamed & Radwan, 2017; Nakphet et
al., 2014; Sheahan et al., 2016), and one did not report the intervention setting

(Babski-Reeves & Calhoun, 2016).
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Table 3.

Study characteristics of the studies included in the review.

Sample (n), Length of
Author, year of occupation, intervention Device assessed Self-report
publication Country Design Setting gender Intervention description (n) sessions outcomes outcomes
Babski-Reeves & USA Within NM 24 NM 11: Desktop sit 20 /stand 5 1hr,3 MVC of bilateral: Head, neck and
: . sessions i
Calhoun, 2016 subjects, F:12 12: Docked laptop sit 20 /stand 5 upper trape2|u.s and . low back
3arms M: 12 lower trapezius, discomfort - VAS
13: Laptop sit 20- stand 5 lumbar erector spinae tool
-EMG
Bao & Lin, 2018 USA Within Work 12 office 11: 60 sit / 60 stand (1:1) 8 hrs, 4 Muscle fatigue upper Self-reported
subjects, workers 12: 80 sit / 40 stand (2:1) sessions trapezius - EMG discomfort - Borg
4 arms F:8 Spinal shrinkage - CR10 scale
' 13: 60 sit / 30 stand (3:1) P &
M: 4 stadiometer
14: 105 sit / 15 stand (7:1)
Billy et al., 2014 USA Within Work 12 computer- I1: Stand and stretch lumbar 4 hrs, 2 Disc height and disc NA
subjects, based area every 15 min during 4 hrs sessions diameter (L1-S1) —
2 arms workers RG: Sitting 4 hours MRI scan
F:11
M: 1
Blasche et al., Austria RCT, Work 93 computer- 11: BFB biofeedback assisted 8 weeks (2" Neuromuscular MSK discomfort
2013 4 arms based relaxation program, relaxation stage), 3 muscle activity upper —FBL-R
workers and stretching for 5-8 min, months (3" t.rape2|us - questionnaire
whilst providing biofeedback to stage) Biofeedback
11: 25, 12: 21, the participants, 2 per day
13: 25, RG: 22 12: BAL Balance training on
F: 56 unstable platform, various
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Mathiassen &
Winkel, 1996

MclLean et al.,
0o’

MclLean et al.,
01’

Sweden

Canada

Canada

Within
subjects,
2 arms

Within
subjects,
2 arms

RCT,
3arms

M: 37

Laboratory 8 female
workers with
no assembly

work

Work 18 computer-
based

workers

F: 15

M: 3
Work 45 female
office workers

11: 15, 12: 15,
RG:15

balance and strengthening
exercises for arm, leg and
abdominal muscles while
standing on a board 5-7 min, 2
per day

13: NW: Nordic walk after work

RG: follow best practice without
recommendations

11: Twenty min active break with
3-4 min lifting and carrying
boxes (8-15 kg), and 6-7 of

furnishing workstation, 10 min
of VDU standing work

RG: Twenty min passive seated
break
I11: Standing and walking 30 secs
every 20 min

RG: Seated 20 min break

I11: Standing and walking 30 secs
every 20 min

12: Standing and walking 30 secs
every 40 min

RG: Breaks taken as desired

6 hrs, 2
sessions

80 mins, 2
sessions

3 hrs, 4
weeks

MVC bilateral upper Shoulder-neck

trapezius - EMG pain region -

Borg CR10 scale

MES of upper NA
trapezius, cervical
extensors and lumbar
paraspinal — Surface
MES

MNF cycling in MES - Discomfort of

Portable electro examined areas -
physiological data- VAS scale

loggers
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Mohamed &
Radwan, 2017

Nakphet et al.,
2014

Shariat et al.,
2017

Sheahan et al.,
2016

Saudi
Arabia

Thailand

Malaysia

Canada

RCT,
3arms

RCT,
3arms

RCT,
2 arms

Within
subjects,
4 arms

Laboratory

Laboratory

Work

Laboratory

45 female
university
employees

11: 15, 12:15,
RG: 15

30 female
VDU
operators

11: 10, 12: 10,
RG: 10

40 office
workers
(gender NM)

11: 20, RG: 20

20 university
population
F: 10
M:10

11: Stretching 5 min every 30
min (Mid-rest)

12: Stretching 5 min every 15
min (Multiple rest)

RG: No stretching 10 min
passive break (No rest break)

I1: Perform static stretching
exercises (twice) for 3 min every
20 min (Stretching Group)

12: Perform 3 sets of dynamic
exercises for 3 min every 20 min
(Dynamic Contraction Group)

RG: Seated break

I11: Seated and standing
stretching exercises, during 10-
15 min, 10 repetitions, 3 times

per day

RG: Not alter daily activities

11: Sit 30 min / stand 5 min
12: Sit 15 min / stand 2.5 min
13: Sit 5 min / stand 50 secs

RG: No break (sit 60 min)

1hr,1 Electrical muscle
session activity bilateral
upper trapezius -
EMG
1hr,1 Muscle electric
session activity of right: upper
and lower trapezius,
cervical erector
spinae - EMG
3 sessions Neck flexors ROM -

per week, 11 Goniometer

weeks
1lhr, 4 Muscle activity of
sessions bilateral lumbar

erector spinae — EMG

NA

Muscle
discomfort -
Borg’s CR-10

Musculoskeletal
discomfort of
neck and lower
back — Cornell
Musculoskeletal
Discomfort
Questionnaire

Self-reported

pain —
VAS tool
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Tsauo et al., China RCT, Work 178 airline

2004 4 arms office
employees

11: 56, 12: 69,
13: 14, RG: 39

F: 100
M: 78

I1: Stretching neck during office 2 weeks (2™ Cervical ROM -
breaks (15-20 min) 10 stage), 3 Inclinometer

repetitions holding 5 secs, with months (3rs

access to a physiotherapist (PT) stage)

if had queries (SEG)

I12: Same as SEG program,
performing once a day under PT
supervision (TEG I)

13: Same as TEG |, but
performing twice a day (TEG Il)
RG: lecture about exercises

General pain -
modified Nordic
Questionnaire

Note: Abbreviations: I: Intervention, RG: Reference Group, MSK: Musculoskeletal, NA: Not Applicable, F: Female, M: Male, MVC: Maximal Voluntary Contraction, MRI: Magnetic
Resonance Imaging, MES: Myoelectric signal, NM: Not Mentioned, MNF: Median Frequency, VDU: Visual Display Unit, ROM: Range of Motion, BAL: Balance exercising, BFB: Biofeedback

relaxation and stretching, SEG: Self Exercise Group, TEG: Team Exercise Group
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First and second review objectives

The MSK outcomes assessed in the twelve studies were varied. Seven of the
included studies examined muscle activity of neck and/or lower back, with various
markers (e.g., maximal voluntary contraction, myoelectric signal) (Babski-Reeves &
Calhoun, 2016; Bao & Lin, 2018; Blasche et al., 2013; Mathiassen & Winkel, 1996;
Mohamed & Radwan, 2017; Nakphet et al., 2014; Sheahan et al., 2016). Likewise,
different tools were used to assess these outcomes including EMG, physiological
data loggers, and biofeedback. Two studies examined changes on spinal shrinkage,
one using a digital stadiometer (Bao & Lin, 2018), and another used MRI scan
(Magnetic resonance imaging) (Billy et al., 2014). From the remaining studies two
assessed muscle myoelectrical signal (McLean et al., 2000, 2001), two assessed
cervical range of motion (Shariat et al., 2017; Tsauo et al., 2004), and one study

assessed disc height and diameter (Billy et al., 2014).

Self-reported MSK symptoms were explored in nine of twelve studies included
in the review. Neck pain/discomfort were the most common assessed outcome in
eight studies (Babski-Reeves & Calhoun, 2016; Bao & Lin, 2018; Blasche et al., 2013;
Mathiassen & Winkel, 1996; MclLean et al., 2001; Nakphet et al., 2014; Tsauo et al.,
2004), followed by low back pain/discomfort assessed in six studies (Babski-Reeves
& Calhoun, 2016; Bao & Lin, 2018; Blasche et al., 2013; McLean et al., 2001; Shariat
et al., 2017; Sheahan et al., 2016), and two studies evaluated upper back
pain/discomfort (Bao & Lin, 2018; Tsauo et al., 2004). Various self-reported tools
were used, the most frequent being the Visual Analogue Scale (Wewers & Lowe,
1990)(n=3) and Borg CR10 scale (Borg, 1982)(n=3). Also, one study used the
Freiburg complaint list (FBL-R) (Fahrenberg, 1995), one study used the Cornell
Musculoskeletal Discomfort questionnaire (CMDQ) (Hedge et al., 1999), and
another study used the Nordic Musculoskeletal questionnaire (NMQ) (Kuorinka et

al., 1987).
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Participant characteristics

Studies recruited a wide range of participants, ranging from eight participants
(Mathiassen & Winkel, 1996) to 178 participants (Tsauo et al., 2004). The total
number of participants was 525. In nine studies all participants were office workers
engaging in computer use. One study targeted university students (Sheahan et al.,
2016), one in-experienced assembly workers (Mathiassen & Winkel, 1996), and one
did not report participant occupation (though participants were frequent computer

users) (Babski-Reeves & Calhoun, 2016).

From the 12 studies only seven provided information on age, ranging from 16
to 66 years old. Across all the studies, only eight reported mean participant age,
with a combined mean age of 32.12 (SD 6.55). Participants were mainly female
(70.1%), and four studies focused solely on female participants (Mathiassen &
Winkel, 1996; McLean et al., 2001; Mohamed & Radwan, 2017; Nakphet et al.,
2014). One study did not report gender (Shariat et al., 2017).

Intervention characteristics

Different lengths of interventions were used in the 12 studies. All six within-
subjects studies consisted of single-session (from 1 to 8 hrs duration) conditions.
These conditions were assessed on several days ranging from one to four sessions
depending on the number of conditions (Babski-Reeves & Calhoun, 2016; Bao & Lin,
2018; Billy et al., 2014; Mathiassen & Winkel, 1996; McLean et al., 2000; Sheahan et
al., 2016). All six RCTs had medium to long-term interventions ranging from 2 weeks

(McLean et al., 2001; Tsauo et al., 2004) to 3 months (Tsauo et al., 2004).

Interventions included in this review used different types of breaks from sitting.
Three within-subject studies used sit to stand schedules as a form of break (Babski-
Reeves & Calhoun, 2016; Bao & Lin, 2018; Sheahan et al., 2016). Two within-
subjects (Mathiassen & Winkel, 1996; McLean et al., 2000) and one between study

RCT used walking breaks (McLean et al., 2001). Stretching breaks were used in one
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within-subject study (Billy et al., 2014), four between study RCTs (Mohamed &
Radwan, 2017; Nakphet et al., 2014; Shariat et al., 2017; Tsauo et al., 2004), also
one between study RCT combined stretching with other activities (balance

exercises, and biofeedback relaxation) (Blasche et al., 2013).

Quality assessment

Table 4 summarises the quality assessment of studies included by using the two
relevant categories (quantitative RCTs and quantitative non-randomised) of the
MMAT checklist (Hong et al., 2018). From the 12 studies, the majority were
consistent in poor reporting and low methodological quality. Two studies met 0% of
MMAT criteria (McLean et al., 2000; Tsauo et al., 2004), four studies met 20%
(Babski-Reeves & Calhoun, 2016; Blasche et al., 2013; Mathiassen & Winkel, 1996;
Shariat et al., 2017), two studies met 40% (McLean et al., 2001; Mohamed &
Radwan, 2017), and four met 60% (Bao & Lin, 2018; Billy et al., 2014; Nakphet et al.,
2014; Sheahan et al., 2016).
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Table 4
MMAT Quality assessment

2. Quantitative randomised controlled trials

Studies included 2.1 2.2, 23 24 2.5 Meets
MMAT criteria (%)
Blasche et al., 2013 No Yes No Can’t tell No 20%
Mathiassen & Winkel, 1996 Can’t tell Can’t tell Yes Can’t tell Can’t tell 20%
Mclean et al., 2000 Can’t tell Can’t tell No Can’t tell Can’t tell 0%
McLean et al., 2001 Can’t tell Yes Yes Can’t tell Can’t tell 40%
Mohamed & Radwan, 2017 Can’t tell Yes Yes Can’t tell Can’t tell 40%
Nakphet et al., 2014 Can’t tell Yes Yes Can’t tell Yes 60%
Shariat et al., 2017 Can’t tell Yes No Can’t tell Can’t tell 20%
Sheahan et al., 2016 Yes Can’t tell Yes Can’t tell Yes 60%
Tsauo et al., 2004 Can't tell No No Can't tell No 0%
3. Quantitative Non-randomised studies
3.1 3.2 3.3 3.4 3.5 Meets
MMAT criteria (%)
Babski-Reeves & Calhoun, 2016 Can't tell Yes Can’t tell Can't tell Can’t tell 20%
Bao & Lin, 2018 Yes Yes Yes Can’t tell Can’t tell 60%

Billy et al., 2014 Can’t tell Yes Yes Yes Can't tell 60%




Table 5a

Acute one-session within subjects’ studies reporting device assessed spinal musculoskeletal outcomes

Direction of Number of statistically Direction of
Duration of statistically significant comparisons for Intervention statistically
session, significant effects which each condition is effect size significant pre to
number of Break type, frequency, Outcomes, between favoured, out of total between post intervention
Author session(s) duration comparisons conditions number of comparisons conditions effects
Standing breaks
Babski-Reeves 1hr,3 Sit 20 mins / stand 5 mins Muscle Decrease of UT Sit vs Stand UT: 1/1 NAvail NAvail
& Calhoun, sessions (Pooled results: C1. activity muscle activity Sit vs Stand LT 0/1
2016 Desktop, C2. Laptop, C3. 1. UT during standing, Sit vs Stand: LES 0/1
Docked laptop) 2.LT compared to sitting
3. LES
Bao & Lin, 8 hrs, 4 C1.Sit 90 / Stand 30 (3:1) Muscle C4 schedule C1vs C3 LUT, RUT, LES, RES: NAvail NAvail
2018 sessions C2.Sit 80 / stand 40 (2:1) activity favoured a 0/4
C3.Sit 105 / stand 15 (7:1) 1. LUT decrease of LES C2 vs C3 LUT, RUT, LES, RES:
(RC) 2.RUT muscle activity 0/4
C4. Sit 60 / stand 60 (1:1) 3. LES when compared to C4 vs C3 LUT, RUT, LES, RES:
4. RES longest sitting 1/4
schedule C3
Spinal No significant main - NAvail NAvail
shrinkage effect per condition
Sheahan et al., lhr,4 C1. Sit 30 min / stand 5 min Muscle No significant main - NAvail NAvail
2016 sessions C2. Sit 15 min / stand 2.5 activity 1.RES  effect per condition
min 2.LES

C3. Sit 5 min / stand 30 sec
RC. Sit 60 min / No break
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Stretching breaks

Billy et al., 4 hrs, 2 C1. Stretching 20 seconds, Lumbar disc NAvail - ClvsRC L4-L5 disc height
2014 sessions every 15 mins height L1-L2: Large decreased on RC
RC. Sit 4 hrs 1.11-L2 L2-L3: Small
2.12-L3 L3-L4: Triv
3.13-14 L4-L5: Triv
4. 14-15 L5-S1: Triv
5.15-S1
Lumbar disc NAuvail - ClvsRC No significant pre to
diameter L1-L2: Small post intervention
1.L11-12 L2-L3: Triv effects
2.12-L3 L3-L4: Triv
3.13-L4 L4-L5: Small
4. L4-L5 L5-S1: Triv
5.15-S1
Walking breaks
Mathiassen & 6 hrs, 2 C1. Walking with box lifting Muscle No significant main - NAuvail NA
Winkel, 1996 sessions during 10 mins activity effect per condition
RC. Sit 20 mins 1.UT
McLean et al., 80 mins, 2 C1. Walking 30 secs every MEDFREQ NAvail - ClvsRC: C1 favoured a
(o]0} sessions 20 min MES cycles Neck: reduction on neck
RC. Sit 20 mins 1. Neck Moderate MEDFREQ MES
2. Back Back: Small cycles

Note: Statistically significant in bold. Effect sizes: Triv (lower than small). Abbreviations. C: Condition, RC: Reference condition, UT: Upper trapezius, LT: Lower trapezius, LUT: Left upper trapezius,
RUT: Right upper trapezius, LES: Left erector spinae, RES: Right erector spinae, NA: Not applicable, NAvail: Not Available CES: Cervical erector spinae, MEDFREQ: Median frequency, MES:
Myoelectric signal.

Table 5b

Acute one-session RCTs reporting muscle activity and using stretching breaks

Number of statistically significant Direction of
comparisons for which each statistically
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Duration of

condition is favoured compared

Intervention

significant pre

session, Break type, Outcome, Direction of statistically with total number of comparisons effect size to post
Author number of frequency, comparisons significant effects between between intervention
session(s) duration groups groups effects
RG EG1 EG2
Mohamed 1hr,1 Sit — Stretch 1. LUT EG1 and EG2 favoured a 0/2 1/2 1/2 RG vs EG1: NA
& Radwan session EG1. Mid-rest break decrease on muscle activity Large
30 mins - 5 mins compared to RG RG vs EG2:
EG2. Multiple rest Large
break
15 mins — 2.5 mins 2.RUT EG1 and EG2 favoured a 0/2 1/2 1/2 RG vs EG1: NA
RG: No break for 60 decrease on muscle activity Large
mins compared to RG RG vs EG2:
Large
Nakphet lhr,1 EG1. Stretching NRMS No significant main effects
et al. session every 20 mins x 3 1. LUT per group - - - NAvail NA
mins 2. RUT
EG2. Dynamic 3. CES
contraction every
20 mins x 3 mins MF No significant main effects
RG: No break, sit 1. LUT per group - - - NAuvail NA
for 60 mins 2. RUT
3. CES

Abbreviations: EG: Experimental group, RG: Reference group, LUT: Left upper trapezius, RUT: Right upper trapezius Upper trapezius, CES: Cervical erector spinae, NMRS: Normalised Root mean
square, MF: Median Frequency, NA: Not Applicable, NAvail: Not available
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Table 6

RCTs using medium and long-term interventions and reporting device assessed spinal musculoskeletal outcomes

Number of statistically

significant comparisons for Direction of
Length of Direction of which each condition is Intervention statistically
intervention, Break type, statistically favoured compared with effect size significant pre to
follow up frequency, and Outcome, significant effects control out of total number between post intervention
Author time duration comparisons between groups of comparisons groups effects
RG EG1 EG2 EG3
Stretching breaks
Blasche et al., 8 weeks (2" EG1. BAL, 5-7 mins, Muscle No significant main 2" stage
2013 twice per day activityt effects per group at
stage), 3 EG2. BFB, 5-8 mins, 1. UT rest 2" or 3™ stage - - - NA  RGvs EG1: Triv NA
months (3 twice per day RG vs EG2:
stage) EG3 Nordic walk, Moderate
after 2. UT work No significant main 3" stage
work effects per group at - - - NA RG vs EG1: Triv NA
RG: Follow best 2" or 3" stage RG vs EG2:
practice Large
Shariatetal., 3 sessions per EG1. Stretching 10-15 ROM EG1 favoured
2017 week, 11 mins 1. Right Neck increase on right 0/1 1/1 - NA EG1 vs RG: NA
weeks RG: No alteration to bending neck bending Large
daily activities
2. Left neck EG1 favoured 0/1 1/1 - NA EG1 vs RG:
bending increase on left neck Large

bending
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Number of statistically

significant comparisons for Direction of
Length of Direction of which each condition is Intervention statistically
intervention, Break type, statistically favoured compared with effect size significant pre to
follow up frequency, and Outcome, significant effects control out of total number between post intervention
Author time duration comparisons between groups of comparisons groups effects
Tsauo et al., 2 weeks (2" Stretching 1. CROM NAvail 2" stage
2004 stage), 3
months (3rs  EG1. SEG: 15-20 mins, - - - - EG1 vs RG: Triv  No significant pre
stage) once a day, EG2 vs RG: to post
unsupervised 2 Small intervention
weeks EG3 vs RG: Triv effects per group
EG2. TEG |: 15-20
mins,
once a day under NAvail 3" stage
supervision - - - - EG1vs RG: Triv  No significant pre
EG3. TEG Il: 15-20 EG2 vs RG: to post
mins, twice a day Small intervention
(once supervised) EG3 vs RG: effects per group
RG: Lecture about Small
exercises 2. Head NAvail 2" stage
protrusion - - - - EG1 vs RG: No significant pre
Small to post
EG2 vs RG: Triv intervention
EG3 vs RG: effects per group
Large
NAvail 3" stage
- - - - EG1vs RG: Triv  No significant pre
EG2 vs RG: to post
Moderate intervention

effects per group
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Number of statistically

significant comparisons for Direction of
Length of Direction of which each condition is Intervention statistically
intervention, Break type, statistically favoured compared with effect size significant pre to
follow up frequency, and Outcome, significant effects control out of total number between post intervention
Author time duration comparisons between groups of comparisons groups effects
EG3 vs RG:
Large
Unspecified type of breaks
McLean et al., 3hrs, 4 EG1. 20 mins MNF MES RG and EG2 favoured
01’ weeks work/30 secs of cycles an increase of neck 1/2 1/2 0/2 NAvail NA
break walking away 1. Neck MNF cycles
from workstation
EG2. 40 mins EG1 and EG2 0/2 1/2 1/2 NAuvail NA
work/30 secs break 2. Back favoured the increase

walking away from

workstation

RG: Breaks taken as

desired

of back MNF cycles

Note: T Logged data used to calculate effect sizes, Effect sizes: Triv, lower than small

Abbreviations: EG: Experimental group, RG: Reference group, BAL: Balance training, BFB: Biofeedback assisted relaxation, UT: Upper trapezius, MNF: Median frequency, ROM: Range of motion,
CROM: Cervical range of motion, NA: Not Applicable, NAvail: Not Available
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Summary of intervention effects

First objective: Device assessed MSK spinal outcomes

The majority (n=8) of the included studies, were acute single-session
interventions, and the remaining four had interventions with diverse lengths
ranging from two weeks to three months. If pre to post intervention data were
available, effect sizes were calculated. Five of twelve studies did not present
sufficient data to calculate effect sizes (Babski-Reeves & Calhoun, 2016; Bao & Lin,

2018; Mathiassen & Winkel, 1996; Nakphet et al., 2014; Sheahan et al., 2016).

Acute single-session intervention effects on device assessed spinal

MSK outcomes. Table 5a summarises findings of eight single-session intervention

effects, using a within-subject study. Table 5b summarises four studies using single-
session studies using a RCT design. Various types of breaks were used in the single-
session studies, including standing breaks (n=3), stretching breaks (n=3), walking

breaks (n=1), and unspecified active break (n=1).

Effects of acute single-session standing breaks. Three studies examined

the effects of acute single-session standing breaks (Babski-Reeves & Calhoun, 2016;
Bao & Lin, 2018; Sheahan et al., 2016), and data to calculate effect sizes were not
provided (nor accessible from authors). Hence, intervention effect sizes were not
calculated. However, intervention effects were summarised using in-text
information (e.g., synthesis of results). Significant and favourable effects were
found by Babski-Reeves and Calhoun (2016) when using standing breaks compared
to a 20-minute sitting period, for one of three muscle activity comparisons.
Statistical significance was indicated for muscle activity reduction on upper
trapezius (one of three assessed muscles), after a 5-minute standing break, in
comparison to 20-minute sitting period, regardless of type of workstation (desktop,
laptop, docked laptop). On the other hand, no significant effects were found on

muscle activity of lower trapezius and left erector spinae.
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From Bao and Lin (2018) study, only one of seven sit-stand schedules (60 min
sit — 60 min stand) showed favourable effects on muscle fatigue reduction. This was
when compared to the longest sitting schedule (105 min sit — 15 min stand), though
changes were found solely on the left erector spinae muscle (one of four assessed
muscles). Furthermore, standing breaks did not produce significant main changes

(either positive or negative) on spinal shrinkage in any of the seven conditions.

Sheahan et al. (2016) reported no significant main effects between groups (nor
pre to post significant effects) on any of three sit-stand intervention conditions, on

muscle activity of erector spinae (right and left).

Effects of single-session stretching breaks. Billy et al. (2014) found a
significant decrease in disc height in the reference group (sitting for 4-hour period),
from pre to post assessment, when compared to the stretching intervention. No
comparisons between conditions were reported for intervention main effects
(reference vs intervention), but effect sizes were calculated with the data provided
in the reported tables. Effects from the stretching condition indicated favourable
effects on disc height preservation of two intervertebral lumbar discs, with small
and large effect sizes (L2-L3, L1-L2 respectively). Disc diameter assessment showed
no changes from pre- to post- intervention for any condition. However, intervention
effect size indicated changes on disc diameter with small effect sizes on L1-L2 and
L4-L5. Also, trivial effect sizes (inferior to small) were found on L3-S1 (lumbar and

sacrum) disc height, as well as in L2-L4 and L5-S1.

With an RCT study design (table 5b), Mohamed and Radwan (2017) reported
favourable and significant effects on the decrease of upper trapezius (left and right)
muscle activity. This was after carrying out stretching breaks every 30 and 15
minutes, in comparison to a reference condition (60-minute period). In addition,

both stretching conditions (30 and 15 minutes) had large intervention effects,
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benefiting a reduction on upper trapezius muscle activity, when compared to the
reference condition. Another RCT from Nakphet et al. (2014) found no significant
main effects on normalised EMG root mean square (NRMS) or median frequency
(MF) for either of the intervention groups (dynamic stretching versus static
stretching) when compared to reference group. Additionally, effect sizes were not

calculated as pre- to post- data were not available.

Effects of single-session walking breaks. Two studies (within-subjects
design) examined the use of walking breaks (Mathiassen & Winkel, 1996; McLean et
al., 2000), one in combination with box lifting (Mathiassen & Winkel, 1996). At
Mathiassen and Winkel (1996) no significant main intervention effects were found
on upper trapezius muscle activity, when compared to the reference condition (four
hours sitting, and 20-minute seated break). Moreover, as data were not presented
in the study report, or available from authors, effect sizes were not available for

calculation.

At McLean et al. (2000) a favourable and significant pre to post reduction was
found on neck median frequency (MEDFREQ) myoelectrical signal (MES), but not in
the back. This was after a 30-second walking break, in comparison to a 20-minute
sitting condition. Furthermore, intervention effect sizes indicated a moderate effect

for neck MES, and a small effect for back MES.

Medium and long-term intervention effects on spinal MSK

outcomes. Table 6 summarises main study findings from interventions using
breaks from sitting at medium and long-term, alongside effect sizes when available.
From four of the twelve studies, one study was identified for this review as
medium-term (2 — 4 weeks), and three long-term (over 4 weeks to 3 months)
interventions, all with an RCT study design. Two types of breaks with postural
change were used in these interventions (Blasche et al., 2013; Shariat et al., 2017,

Tsauo et al., 2004). One study used a stretching intervention combined with
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biofeedback relaxation and balance training (Blasche et al., 2013). The other study
employed unspecified breaks from sitting which included stepping away from the

workstation (McLean et al., 2001).

Effects of long-term interventions using stretching breaks. Blasche et
al. (2013) found no significant intervention group effects on upper trapezius muscle
activity (during rest and work), at either 2" stage (8 weeks) or 3™ stage (three
months). Effect sizes showed a moderate effect size on muscle activity of upper
trapezius, during rest assessment, when compared to the reference group (followed
best practice during breaks). A moderate effect was found in the balance training
group (BAL), and a trivial effect (lower than small) was found in the biofeedback and
stretching group (BFB) when compared to the reference group. On the other hand,
upper trapezius muscle activity during work indicated a large effect for BFB when
compared to reference group, and BAL showed a trivial effect compared to
reference group. The stretching group was significantly favoured with an increase in
right and left neck bending range of motion (ROM) in comparison to the reference
group (that kept their daily activities with no stretching). In addition, a large effect
size was identified for both left and right neck bending ROM after the 11-week

programme completion.

Tsauo et al. (2004) found no pre to post significant changes for cervical range of
motion (CROM) nor head protrusion in the intervention groups after 2 weeks (2"
stage) or 3-month time (3™ stage) in comparison to the reference group (lecture
about exercises). Small effect sizes were found for CROM for the team-exercise
group | (TEG I: breaks every 15 — 20 minutes once a day, supervised) at 2"¢ and 3™
stages, and for the team-exercise group Il (TEGII: breaks every 15 — 20 minutes
twice a day, unsupervised) at 3™ stage. Small effect sizes were found for head
protrusion in the self-exercise group (SEG) at 2™ stage. In addition, a moderate
intervention effect size was found on head protrusion for the TEG | at 3" stage, and

large effect sizes for the TEG Il at both 2" and 3" stages (Tsauo et al., 2004). Trivial
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effect sizes were also found in the SEG (2" and 3™ stage), TEG Il (3" stage) on

CROM, and on head protrusion for the TEG | (2" stage) and the SEG (3" stage).

Effects of medium-term interventions using unspecified active

breaks. In the study by McLean et al. (2001), participants carried out a ‘micro-

break’ protocol (30 seconds break every 20 and 40 minutes) for a 2-week period.
Results from this study indicated a significant increase on median frequency (MNF)
myoelectric signal (MES) cycles for the neck and back. This was found in both
intervention groups (30 seconds breaks every 20 and 40 minutes), when compared
to the reference group (breaks taken as desired). Moreover, neck MNF MES cycles
were positively favoured on the 20-minute break group, and similarly favoured on
the control group. Back MNF MES cycles were also favoured on both intervention
groups (every 20 and 40 minutes). Effect sizes were not calculated for this study as

data were not available.
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Table 7a

Acute one-session within subjects’ studies reporting spinal self-reported MSK outcomes.

Number of statistically Direction of
Duration significant comparisons Intervention statistically
of session, Direction of statistically  for which each condition effect size significant pre to
number of Break type, frequency, Outcomes, significant effects is favoured, out of total between post intervention
Author session(s) duration comparisons between conditions number of comparisons conditions effects
Standing breaks
Babski-Reeves & 1hr,3 Sit 20 mins — stand 5 mins 1. Neck Favoured a decrease of Sit vs Stand: NAvail NA
Calhoun, 2016 sessions (Pooled results: C1. 2. Lower neck and low back pain Neck: 1/1
Desktop, C2. Laptop, C3. back during standing, when Lower back: 1/1
Docked laptop) compared to sitting
Bao & Lin, 2018 8 hrs, 4 C1. Sit 90-Stand 30 (3:1) 1. Neck No significant main - NAuvail NA
sessions C2. Sit 80- stand 40 (2:1) 2. Upper effect per condition
C3. Sit 105- stand 15 (7:1) back
(RC) 3. Low back
C4. Sit 60- stand 60 (1:1)
Sheahan et al., 1hr, 4 C1. Sit 30 min/stand 5 min Lower back NAvail - NAvail NAvail
2016 sessions C2. Sit 15 min/stand 2.5
min
C3. Sit 5 min/stand 30 sec
RC. Sit 60 min/No break
Walking breaks
Mathiassen & 4 hrs, 2 C1. Walking with box Neck No significant main - NAvail NA
Winkel, 1996 sessions lifting during 10 mins perceived effect per condition
RC. Twenty min passive fatigue

seated break

Note. Statistically significant in bold. Abbreviations. C: Condition, RC: Reference condition, NAvail: Not Available, NA: Not Applicable
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Table 7b

Acute one-session within subjects’ studies reporting spinal self-reported MSK outcomes.

Direction of
statistically
significant effects
between groups

Number of statistically
significant comparisons for
which each condition is
favoured compared with
total number of
comparisons

RG EG1 EG2

Intervention
effect size
between groups

Direction of

statistically significant

pre to post
intervention effects

Duration of
session,
number of Break type, Outcome,
Author session(s) frequency, duration comparisons
Nakphet et lhr,1 EG1. Stretching every Neck
al., 2014 session 20 mins x 3 mins discomfort

EG2. Dynamic
contraction every 20
mins x 3 mins
RG: No break, sit for
60 mins

No significant main
effect per group

NAvail

NA

Abbreviations: EG: Experimental group, RG: Reference group, LT: Left trapezius, RT: Right trapezius, NAvail: Not available, NA: Not Applicable
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Table 8

RCTs using medium and long-term interventions and reporting spinal self-reported MSK outcomes

Direction of
Number of statistically statistically
Length of significant comparisons for Intervention significant
intervention Direction of statistically which each condition is favoured effect size pre to post
-follow up  Break type, frequency, Outcome, significant effects compared with control out of between intervention
Study time and duration comparisons between groups total number of comparisons groups effects
RG EG1 EG2 EG3
Stretching breaks
2" stage
Blasche et 8 weeks (2" EG1. BAL, 5-7 mins, Pooled MSK EG2 favoured decrease 0/2 0/1 1/1 NA RG vs EG1: Triv NA
al., 2013 stage), 3 twice per day complaints of MSK complaints when RG vs EG2:
months (3" EG2. BFB, 5-8 mins, (neck, shoulder, compared to RG Large
stage) twice per day lower back,
EG3 Nordic walk, after arms, legs)
work 3" stage
RG: Follow best No significant main 0/2 0/1 0/1 NA RG vs EG1: Triv NA
practice effect per group RG vs EG2:
Small
Shariat et 3 sessions EGL1. Stretching 10-15 1. Neck EG1 favoured a decrease 0/1 1/1 NA NA NAvail NA
al., 2016 per week, 11 mins on neck pain when
weeks RG: No alteration to compared to RG
daily activities
2. Lower back  EG1 favoured a decrease 0/1 1/1 NA NA NAuvail NA
on LBP when compared
to RG
Tsauoetal., 2 weeks (2" Stretching Soreness 2" stage
2004 stage), 3 EG1. Self-Exercise: 15- 1. Neck NAvail 0/1 0/1 0/1 0/3 NAvail NA
months (3" 20 mins, once a day,
stage) unsupervised 2 weeks
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Direction of

Number of statistically statistically
Length of significant comparisons for Intervention significant
intervention Direction of statistically which each condition is favoured effect size pre to post
-follow up  Break type, frequency, Outcome, significant effects compared with control out of between intervention
Study time and duration comparisons between groups total number of comparisons groups effects
EG2. Team Exercise I: 3 stage
15-20 mins, once a day NAvail 0/1 0/1 0/1 0/3 NAuvail NA
under supervision
2 weeks (2" EG3. Team Exercise II: 2" stage
stage), 3 15-20 mins, twice a 2. Upper back NAvail 0/3 0/1 0/1 0/1 NAuvail NA
months (3" day (once supervised)
stage) (RG)
CG: Lecture about
exercises 3 stage
NAvail 0/1 0/1 1/1 0/3 NAvail NA
Unspecified active breaks
McLean et 3hrs, 4 EG1. 20 mins work/30 Discomfort
al., 01’ weeks secs of break walking 1. Neck No significant main - - - - NAuvail NAuvail
away from workstation effect per group
EG2. 40 mins work/30
secs break walking 2. Back Significant group x time - - - - NAvail NAvail

away from workstation
RG: Breaks taken as
desired

interaction (direction of
effect unknow)

Note. Effect sizes: Triv lower than small. Abbreviations: EG: Experimental group, RG: Reference group, BAL: Balance training, BFB

Applicable, MSK: Musculoskeletal, LBP: Low back pain

: Biofeedback assisted relaxation, NAvail: Not Available, NA: Not
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Second objective: Self-reported MSK spinal outcomes

From the 12 studies included in this review, nine studies explored self-reported
MSK spinal outcomes. These outcomes were commonly reported as pain and/or
discomfort. Only one of nine studies presented pre to post data to calculate effect
sizes (Blasche et al., 2013). Five studies were acute single-session interventions
(four within-subjects, one RCT), and the remaining were medium to long-term

interventions (2 weeks to 3 months).

Acute single-session intervention effects on self-reported

pain/discomfort. Table 7a summarises findings of three single-session
intervention effects, using a within-subject study and table 7b summarises two
single-session studies using an RCT design. Three types of breaks were used,
standing breaks (n=3), walking breaks with box lifting (n=1) and stretching breaks
(n=1). Results data were not presented in any of the acute single-session studies

included in the review, therefore no effect sizes could be calculated.

Effects of single-session standing breaks. Babski-Reeves and Calhoun
(2016) found a significant decrease in self-reported discomfort on neck and lower
back during standing breaks when compared to sitting conditions by pooling data
from all the conditions (desktop, laptop and docked laptop). Bao and Lin (2018)
indicated no main effect on neck, upper and lower back for any of the four sit-stand
schedules tested. Sheahan et al. (2016) did not present data of main effects on
lower back discomfort scores for any of the tested conditions nor pre to post
significant changes. As mentioned previously, none of the acute single-session
studies using standing breaks reported results data. Therefore, effect sizes could

not be calculated.

Effects of single-session walking and stretching breaks. Mathiassen

and Winkel (1996), employed the use of walking breaks combined with box lifting.

Results showed no main effects on neck perceived fatigue for the break condition
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when compared to reference condition. Nakphet et al. (2014), an RCT study design,
indicated no main effects for none of the stretching break groups (dynamic and
static stretching groups) in comparison to the reference group. Similar to other
acute single-session studies included in this review, neither of these studies

presented data to calculate intervention effect sizes.

Medium and long-term intervention effects on spinal MSK

outcomes. Table 8 summarises findings for self-reported MSK outcomes from four
interventions using breaks from sitting at medium and long-term. Two types of
breaks with postural changes were used in these interventions: stretching (n=3),
with one stretching intervention combined with biofeedback relaxation, and
balance training (Blasche et al., 2013), and one study used unspecified breaks from
sitting (McLean et al., 2001). From the four studies, only one study reported data to

calculate effect sizes (Blasche et al., 2013).

Effects of medium-term interventions using stretching breaks. In the
study by Blasche et al. (2013), the BFB intervention significantly favoured a decrease
on MSK complaints (pooled data of neck, shoulder, lower back, arms, and legs),
when compared to the reference group, at the 2" stage (8 weeks). Although, non-
significant main effects were found at the 3™ stage (3 months). The BAL
intervention group showed no significant main effects when compared to the
reference group, at either 2" or 3" stages. Nevertheless, trivial intervention effect
sizes were found for the BAL group at both 2" and 3™ stages, in comparison to the
reference group. A large intervention effect size for was found the BFB group at the

2"d stage, whereas a small effect size was showed at the 3™ stage.
At Shariat et al. (2017), the stretching intervention favoured a significant

decrease on neck and lower back discomfort, when compared to the reference

group. As pre to post data were not reported, effect sizes were not calculated.
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Tsauo et al. (2004) did not report main effects for any of the intervention
groups, or control group on bodily soreness. However, a Chi-square test was used to
calculate and report between group soreness prevalence. Results indicated that
upper back soreness was significantly reduced on the TEG | group at the 3™ stage of
the intervention, this when compared to the reference group (TEG Il). As data were

not available for any of the groups, effect sizes were not calculated.

Effects of medium-term interventions using unspecified active breaks.
McLean et al. (2001) found no significant main intervention effects on neck
discomfort, for any of the intervention groups (breaks at 20 or 40 minutes).
Significant effects were shown on back discomfort when considering group per time
interaction. However, the direction of the interventions effects was unknown. Data

to calculate effect sizes were not available for this study (McLean et al., 2001).

Discussion
The aim of this study was to systematically review the literature exploring the
effects of breaks from sitting on MSK spinal outcomes in sedentary workers. The
first objective was to synthesise evidence of the effects of breaks from sitting on
device assessed spinal MSK outcomes in sedentary workers. The second review
objective was to compare the effects of breaks from sitting on device assessed MSK
spinal outcomes with its effects on self-reported MSK spinal outcomes in this

population (when available).

To the author’s knowledge, this was the first review (during the design of the
study) exploring the effects of breaks from sitting on device assessed MSK spinal
outcomes. Also, the study was the first review to compare device assessed MSK
spinal outcomes with self-reported MSK spinal outcomes. From the 12 studies
included in this review, four types of break interventions were found: standing,
stretching, walking, and one unspecified type of break (break with postural change).

Diverse methodological considerations were identified in this study, including a high
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heterogeneity for all the included studies, and the unavailability of data. It is
relevant to mention the low percentages scores in the quality assessment (MMAT),
as authors reported incomplete data. Consequently, concluding remarks from this

review findings are made cautiously.

Study characteristics

Publication date

The scarcity of studies assessing breaks from sitting on device assessed spinal
outcomes was noticeable. Only twelve studies meeting the review inclusion criteria
were published before our search dates. A predominance of publications in the past
decade was observed, with eight studies being published after 2010. Similar to this
review findings, most of the studies included in other systematic reviews on the
field, were also published after 2010 (Agarwal et al., 2018; Luger et al., 2019; Parry
et al.,, 2019; Shrestha et al., 2018b; Waongenngarm et al., 2018). A possible reason
for this shortage may be the increase in research on the SB field and its effects on
health, which start expanding after the year 2000, and peaked after the year 2010
(Biddle et al., 2019; Fang et al., 2021). Thus, indicating that the SB field is still in its
infancy. Consequently, research exploring breaks from sitting and its effects on

health is still emerging.

Participants

From 525 participants the majority were female (70.1% female against 29.9%
male). This could be indicative that female are more likely to volunteer for research
participation than male. It is also likely that additional factors (e.g., motivation, free
time) influenced female participation to be higher than male participation in our
included studies. Future research should aim to have more even gender split to

ensure the generalisability of findings.
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Countries of publication

Participants were mainly from high-income countries (three from USA, three
from Canada, one from Austria, one from Sweden). These findings may indicate that
occupational sitting has become more frequent (though not exclusive), in high-
income countries, in comparison to developing countries (Bauman et al., 2011).
Hence, this limits the generalizability of the results to lower-income countries,

where workers might engage in less sedentary occupations.

First review objective. Device assessed MSK spinal
outcomes

The first objective for this review was to synthesise literature of the effects of
breaks from sitting on device assessed MSK spinal outcomes. Three main categories
of breaks from sitting were identified: standing, stretching, and walking. One study
did not specify the type of break, and this added a fourth category of unspecified

break. The findings are discussed by break type.

Standing breaks effects

Acute single-session interventions using standing breaks indicated mixed
findings of the effects of these breaks on muscle activity in relation to right, or left
erector spinae. From the three studies exploring type of break, only two studies
indicated a positive reduction on muscle activity (Babski-Reeves & Calhoun, 2016;
Bao & Lin, 2018), and the other study did not find main effects on muscle activity
(Sheahan et al., 2016). Findings indicated that standing breaks were effective to
decrease muscle activity in the upper trapezius after a five-minute standing break
(Babski-Reeves & Calhoun, 2016), but not after a 60-minute standing break (Bao &
Lin, 2018). On the other hand, a positive decrease on the left erector spinae muscle
activity were indicated after a 60-minute standing break (Bao & Lin, 2018), though

not after a five-minute break (Babski-Reeves & Calhoun, 2016).
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Acute single-session studies exploring the effects of standing breaks on spinal
muscle activity are limited. One individual study, published after this review initial
searches and update, explored the effects of standing versus sitting typing tasks on
upper trapezius muscle activity (Cui et al., 2020). Although the break protocols were
not equal to the ones from the studies included in this review. The study from Cui et
al. (2020) did observe a reduction of upper trapezius muscle activity after a 90-
minute standing typing task, when compared to a 90-minute sitting typing task.
Discrepancies are also noted between this review and these authors’ findings. This
review findings indicated that upper trapezius muscle activity was reduced by
employing a 5-minute standing break. Whereas at Cui et al. (2020) the reduction in

upper trapezius muscle activity was found after a 90-minute period.

Another difference between Cui et al. (2020) and this review findings are
identified when considering evidence from Bao and Lin (2018), where authors did
not observe main changes on upper trapezius muscle activity after a 60-minute
standing break. Therefore, it is evident that the effectivity of standing breaks on
upper trapezius muscle activity by using different break frequencies needs further

assessment.

Collectively, this review findings suggest that standing breaks are beneficial to
reduce muscle activity on upper trapezius when taken for 5 minutes, and on left
erector spinae when taken for at least 60 minutes. This might be indicative that
perhaps larger muscles (as erector spinae) need longer break durations to obtain

positive benefits on muscle activity.

Bao and Lin (2018) also assessed changes on spinal shrinkage after using
different types of sit-stand schedules during an 8-hour period. A statistically
significant decrease on spinal shrinkage was observed in all participants, at the end
of the 8-hour day. However, these changes were not significant between
conditions. Also, authors did not differentiate what type of sit-stand schedule was

the most optimal to reduce spinal shrinkage, nor in which condition (sitting or
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standing) spinal shrinkage occurred. Comparable to these findings Gao et al. (2016),
showed no significant differences on spinal shrinkage, from baseline to post
intervention assessment, after emulating a full workday in participants using sit-
stand workstations. Authors also reported that spinal shrinkage was present in both
standing and sitting. This suggests that the use of standing breaks may not be
sufficient to reduce spinal shrinkage in acute settings. However, as findings are only

from one study, they should be taken cautiously.

Considering this evidence, it is suggested that standing breaks are useful to
reduce muscle activity in the neck muscles but not in the lower back muscles.
Standing breaks seem also insufficient to avoid spinal shrinkage after an 8-hour

working day. As evidence is not conclusive, these findings should be taken carefully.

Stretching breaks effects

Acute single-session interventions using stretching breaks. Three

studies explored the acute single-session effects of stretching breaks on various
types of device assessed spinal MSK outcomes (disc height and diameter, and
muscle activity). Only one study (Billy et al., 2014) examined the acute single-
session effects of stretching breaks on spinal outcomes and considered them as
beneficial. Findings indicated that lumbar disc height and disc diameter were
maintained after a 20-second stretching break every 15 minutes (during a 4-hour
period). These findings were compared to an only sitting condition (4-hour sitting),
where both disc height and diameter were reduced during the 4-hour period. With
only one study exploring the effects of stretching breaks on lumbar disc height and
diameter, it is challenging to draw conclusions. To interpret these findings, it is
useful to consider that to my knowledge there are no other published studies that
have explored the effects of stretching breaks on spinal shrinkage in sedentary
workers. However, literature on spinal height assessment during prolonged
sedentary time can be useful to interpret these findings. Research undertaken by

Rabal-Pelay et al. (2019), has indicated that sitting during an 8-hour period is

81



sufficient to reduce spinal height of 6.5 mm in office workers (Rabal-Pelay et al.,
2019). Evidence from these authors suggests that sitting for prolonged periods
produces reductions on spinal height, also known as spinal shrinkage. Taking Billy et
al. (2014) findings, we could suggest that stretching breaks are beneficial to
maintain spinal height and avoid spinal shrinkage during a 4-hour period. However,
we need to consider that Billy et al. (2014) intervention sitting period was shorter (4
hours) than Rabal-Pelay et al. (2019) research (8 hours). Collectively, this evidence
suggests that stretching breaks are useful to maintain spinal height during a 4-hour
period in office workers. However, this evidence is taken from only one study.
Therefore, further research of the effectivity of stretching breaks is needed, with

interventions emulating time frames of a full working day.

Two studies (RCT design) assessed the effects of acute single session stretching
breaks on muscle activity, and findings were mixed. In Mohamed and Radwan
(2017), stretching breaks were deemed to carry benefits, when compared to one-
hour sitting conditions. Furthermore, different break durations (5 and 2.5 minutes)
and frequencies (every 30 or 15 minutes) significantly decreased muscle activity on
upper trapezius. On the other hand, in Nakphet et al. (2014) study, no significant
main effects on upper trapezius or cervical erector spinae were found for two types
of stretching breaks (dynamic and static stretching) when performed for 3 minutes.
From Nakphet et al. (2014) findings we could suggest that neither type of stretching
were adequate to decrease muscle activity one from another. Also, it could be
suggested that both dynamic and static stretching breaks have similar effects on the
cervical muscles. Similar findings to Mohamed and Radwan (2017) were observed in
a study published after our research dates (Ding et al., 2020). After a single-session
intervention, Ding et al. (2020) found a significant and positive decrease on upper
trapezius muscle activity by using 5-minute stretching breaks and after 40 minutes
of sitting time. This suggests that 5-minute stretching breaks are effective to
decrease muscle activity in the upper trapezius. Collectively, findings from the two

studies employing stretching breaks (included in this review), do not inform us what
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is the most optimal duration or frequency to break up sitting time. By collating
evidence from Mohamed and Radwan (2017) with evidence from Ding et al. (2020) ,
it could be indicated that 5-minute stretching breaks are sufficient to decrease
muscle activity on upper trapezius when compared to seated conditions. Whereas,

3-minute stretching does not seem to provide changes on cervical muscle activity.

Long-term interventions using stretching breaks. With respect to

longer-term interventions, three studies explored the effects of stretching breaks.
All signalling positive effects on diverse spinal MSK outcomes. In one study, a
positive decrease on upper trapezius muscle activity was found after using
stretching breaks combined with biofeedback relaxation, for 5 — 7 minutes and
twice a week (Blasche et al., 2013). The other two studies (Shariat et al., 2017,
Tsauo et al., 2004), assessed changes on cervical range of motion (CROM). Both
studies found positive increases on neck bending, neck protrusion after using
stretching breaks ranging from 10 — 15 (Shariat et al., 2017), and 15 — 20 minutes
(Tsauo et al., 2004). Although both interventions explored the effects of stretching
breaks on CROM, Tsauo et al. (2004) explored mainly the ability of workers to follow
a stretching breaks programme with supervised, and unsupervised sessions, either
once or twice a day. Even though results from this study indicated positive
outcomes, it is possible that other factors (e.g., daily repetitions, exercise
supervision) might have affected these outcomes. Therefore, these results are

taken with caution.

Comparable to this review’s findings for medium to long-term interventions, a
7-week intervention employing a 45-minute exercise stretching session also
indicated positive increases on neck ROM when applied twice a week for 7 weeks in
office workers (Caputo et al., 2017). Discrepancies are also noted between this
review findings and these authors. At this review, inclusion criteria specified that
interventions employed solely breaks from sitting, excluding exercise programmes.

In addition, the longest stretching break duration from our included studies was 20
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minutes, whilst Caputo et al. (2017) employed a 45-minute programme. Another
important difference is that participants in this study had pain and discomfort at
baseline (at least 2 of 10 of the Numeric Rating Scale [NRS]), contrary to included

studies where participants had no pain or discomfort at baseline.

Collectively, findings from long-term interventions indicated that stretching
breaks can be helpful to decrease negative spinal outcomes, especially in the neck
region. It also appears that stretching breaks ranging from 10 — 20 minutes are
adequate to increase neck ROM long-term. Although findings indicate benefits from
stretching breaks, heterogeneity of the studies make impractical to fully compare all

the studies directly. Consequently, findings should be taken cautiously.

Overall, research indicates stretching is important to increase joint flexibility,
muscle strength and power, postural balance and stability, but also to decrease
muscle tightness and stiffness (Arntz et al., 2023; Garber et al., 2011; Liguori et al.,
2021). These effects are observed due to changes in length of musculotendinous
units which are present in the muscles and help to maintain bodily flexibility. Static
stretching (holding a position until the end of the ROM for a certain amount of
time) has been linked to an increase on joints ROM reducing the risk of MSDs in
adults. The American College of Sports Medicine (ACSM) suggests in their latest
guidelines that adults should carry out static stretching holding 10 — 20 seconds, 2 -
3 times per week (with larger effects when performed daily) to improve their joints
flexibility and increase mobility. A recent systematic review by Arntz et al. (2023)
indicated that long-term static stretching provides further benefits in sedentary
populations (as their flexibility tends to be impaired by prolonged sedentary time
periods), when compared with physically active individuals. Considering that
stretching was collectively the most useful form of break to reduce spinal MSK
outcomes in this review, and the known effects of stretching, it is key that future

research focus on exploring these benefits in sedentary workers.
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Walking breaks and unspecified active breaks effects

Acute single-session interventions using walking breaks. Two studies
considered the benefits of acute single-session walking breaks. Findings from one
study did not show main effects on muscle activity, specifically on upper trapezius,
when walking breaks were combined with box lifting (Mathiassen & Winkel, 1996).
The other study, used brief 30-second walking breaks (every 20 minutes) (McLean
et al., 2000). This study appeared to benefit a decrease on median frequency
myoelectric muscle signal (MNF MES) on neck muscles (but not in the back muscles)
when compared to a seated condition. Together, these two studies cannot be

compared, especially since they explored different outcomes.

Referring to McLean et al. (2000), findings suggest that breaking up sitting time
with brief walking breaks can positively benefit MNF MES in the neck. Resembling
McLean et al. (2000), Ding et al. (2020) observed that 5-minute walking breaks were
effective to decrease significantly upper trapezius muscle activity, when compared
to a sitting condition. Differently to Ding et al. (2020), Mathiassen and Winkel
(1996) walking breaks had no effects on upper trapezius muscle activity. It is fair to
suggest that the ineffectiveness of combining walking breaks with box lifting (on
reducing upper trapezius muscle activity) might be attributable to the tension used
to carry the box weight (8-15 kg). Collectively, it is suggested that short walking
breaks (30 seconds) may provide benefits on MNF MES. However, when combined

with carrying heavy loads these breaks do not provide benefits to spinal outcomes.

Medium-term interventions using walking breaks. One study (McLean
et al., 2001) employed an unspecified type of break at a medium-term (4 weeks).
This break from sitting involved standing and walking away from a workstation for
30 seconds. Positive effects on neck and back median frequency myoelectric signal
(MNF MES) were found, after breaking up sitting time at 20 and 40 minutes (and
when compared with control group). Though positive effects were found by the

authors, it was observed that the control group took unmonitored breaks. The
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absence of monitoring the control group breaks may have affected the effectivity of
the break protocol. Therefore, these findings are taken with caution. Findings from
this study are important to understand how breaking up sitting time with postural
change is useful to reduce spinal outcomes (MNF MES). However, it is important to
mention that there is only another study exploring the effects of breaks from sitting
and MNF MES. This study is from the same author (McLean et al., 2000), and
examines the use of walking breaks with positive effects on MNF MES.
Consequently, direct comparisons with further literature on the topic, and McLean
et al. study is not possible. Nevertheless, it is suggested from these findings that
breaks with postural change (sitting to standing, and walking away from one point
to another), are beneficial to increase MNF MES at neck and back muscles. Future
research to understand the effects of postural change on spinal muscles, and

specifically having monitored control groups is needed.
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Table 9

Summary of the effectiveness of breaks from sitting on device assessed and self-reported MSK spinal outcomes

Device assessed

Self-reported

Study Type of break outcome(s) Body part Overall effects outcome(s) Overall effects
Babski-Reeves Standing Muscle activity uT Positive effect Neck Decreased pain
&Calhoun, LT No effect Lower back Decreased pain
2016 LES No effect
Bao & Lin, Standing Muscle activity RUT No effect Neck No effect
2018 LUT No effect Upper back

LES Positive effect Lower back

Spinal shrinkage - No effect

Sheahan et Standing Muscle activity RES No effect Lower back NAvail
al., 2016 LES No effect
Billy et al., Stretching Lumbar disc Height Positive effect Unexplored Unexplored
2014 Diameter Positive effect
Mathiassen & Walking Muscle activity uT No effect Perceived No effect
Winkel, 1996 neck fatigue
McLean etal.,, Walking MNF MES Neck Positive effect Unexplored Unexplored
2000 Back No effect
Mohamed & Stretching Muscle activity LUT Positive effect Unexplored Unexplored
Radwan, 2017 RUT Positive effect
Nakphet et Stretching Muscle activity LUT No effect Neck No effect
al., 2014 RUT No effect

CES No effect

Stretching Muscle activity UT work Positive effect Decreased pain
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Device assessed

Self-reported

Study Type of break outcome(s) Body part Overall effects outcome(s) Overall effects
Blasche et al., UT rest Positive effect Pooled MSK
2013 complaints
Shariatetal.,,  Stretching ROM Right neck  Positive effect Neck Decreased pain
2017 bending
Left neck Positive effect Lower back Decreased pain
bending
Tsauo et al., Stretching ROM CROM Positive effect Neck No effect
2004
Neck Positive effect Upper back Decreased pain
protrusion
McLean et al., Unspecified/Post MNF MES Neck Positive effect Neck No effect
2001 ural effect
Back Positive effect Back No effect

Abbreviations: UT: Upper trapezius, LT: Lower trapezius, LUT: Left upper trapezius, RUT: Right upper trapezius, LES: Left erector spinae, RES: Right erector spinae,
NAvail: Not Available, CES: Cervical erector spinae, MES: Myoelectric signal, MNF: Median Frequency, ROM: Range of Motion, CROM: Cervical range of motion.
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Second review objective: Self-reported MSK compared to
device assessed outcomes

The second objective of this review was to compare evidence of the
effectiveness of breaks from sitting on device assessed spinal outcomes, with self-
reported MSK outcomes. Findings for both review objectives are contrasted in this
section. Nine studies reported self-reported MSK spinal outcomes and outcomes
were reported as pain and/or discomfort. Most of the studies did not present a
complete report of the findings (e.g., unreported findings, missing data). Table 9
summarises main findings on the effectiveness of breaks from sitting of both device
assessed and self-reported MSK spinal outcomes. Main findings are summarised on

acute single-session interventions, and medium to long-term interventions.

Acute single-session interventions

Five studies employed acute single-session break interventions, which included
three studies using standing breaks, one study using walking breaks combined with

box lifting, and one study using stretching breaks.

Standing breaks. From the three studies using standing breaks, one found

no main intervention effects on neck, upper back and lower back discomfort (Bao &
Lin, 2018), and the second study did not report main effects of standing breaks on
LBP (Sheahan et al., 2016). Only one acute one-session intervention indicated to
have effects on decreasing neck and LBP, when compared to a seated condition
(Babski-Reeves & Calhoun, 2016). Babski-Reeves and Calhoun (2016) results
suggested that 5-minute standing breaks are beneficial to reduce neck discomfort
(compared to a 20-minute sitting condition). Furthermore, this study also revealed a
positive reduction on neck muscle activity (review primary outcome). On the other
hand, 5-minute standing breaks seemed sufficient to reduce low back discomfort,
but not to reduce muscle activity on the left erector spinae. It appears that a

reduction on neck muscle activity led to a simultaneous reduction of neck
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discomfort. Thus, indicating that 5-minute standing breaks are beneficial to reduce

spinal MSK outcomes (muscle activity, and neck and lower back discomfort).

The second study (Bao & Lin, 2018), used various sit-stand schedules (Sit/Stand:
30 /5 minutes; 15/2.5 minutes; 5 minutes/30 seconds). These sit-stand schedules
appeared to be insufficient to change (negatively or positively) neck, upper or low
back pain. This study also indicated no main changes on upper trapezius and left
erector spinae muscle activity, nor spinal shrinkage. Hence, indicating that possibly

their break protocols were not sufficiently effective to reduce spinal outcomes.

A possible reason for Bao and Lin (2018) results could be due two factors. One
factor is the length of the standing break, as the shortest standing break was 15
minutes, and the longest 60 minutes. This shows agreement Smith et al. (2022)
where participants indicated MSK discomfort after standing for 30 minutes.
Therefore, it is possible that shorter standing breaks (such as 5-minute breaks in
Babski-Reeves and Calhoun (2016)) are more beneficial for pain and discomfort,
whereas longer standing breaks exacerbate MSK pain. A second factor might be
attributed to the sitting length. Sitting periods were quite varied, ranging from 60 to
105 minutes. This is different from Babski-Reeves and Calhoun (2016), where
positive effects on discomfort were found when sitting lasted only 20 minutes. This
might be indicative of prolonged sedentary bouts been harmful to MSK tissues
when sitting for over 20 minutes. However, further evidence is needed to confirm

this finding.

While results from interventions using standing breaks are mixed, findings from
one study (Babski-Reeves & Calhoun, 2016) were consistent with a recent
systematic review exploring the self-reported pain/discomfort effects of sit-stand
schedules (Agarwal et al., 2018). Authors also observed that interventions using sit-
stand schedules tend to produce a positive reduction on LBP when compared to

sitting (Agarwal et al., 2018). Nonetheless, similar to our review, authors did not
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find conclusive evidence on the optimal break frequency or duration to achieve

these benefits.

Collectively, findings from studies using standing breaks are mixed, and
conclusive remarks of their effectivity on spinal pain cannot be draw. There is
evidence from one study suggesting that 5-minute breaks are beneficial to reduce
self-reported neck and low back discomfort. However, this evidence comes only
from one study. It was suggested from the evidence that breaks from sitting do not
alleviate pain after a 20-minute sedentary bouts. Nevertheless, this evidence comes
from only two studies with highly heterogeneous protocols. Recommendations on
what is the most optimal length, or frequency of standing breaks to reduce MSK

spinal pain/discomfort remain unclear.

Walking breaks. Only one study employed walking breaks (Mathiassen &

Winkel, 1996). The authors explored the effects of walking breaks whilst carrying
out assembly work, on perceived muscle fatigue, and no main effects were found. It
is indicated from these findings that standing breaks, combined with box lifting, are
inadequate to decrease muscle activity in the upper trapezius, and to reduce neck
fatigue in acute one-session settings. In addition, it is suggested that walking breaks
might not be effective in counteracting assembly work activities, such as carrying

heavy loads.

Primary research in female workers (Jansen et al., 2013) has indicated high
prevalence of neck pain (44%) in assembly workers due to repetitive work.
Consequently, it is observed that assembly work activities are a risk factor for
developing spinal pain/discomfort. Systematic review evidence of the effects of
walking breaks to reduce MSK symptoms in sedentary workers (non-assembly
workers) has also been signalled to be unconvincing (Parry et al., 2019). Parry et al.

indicated that walking breaks were effective to reduce baseline MSK
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pain/discomfort in office workers. However, this evidence was taken from only one

study with low-quality evidence for the effects of walking breaks.

Considering this evidence, it is advised that walking breaks are an ineffective
strategy to decrease self-reported MSK symptoms in sedentary workers. Especially
if they are combined with carrying heavy loads. The effectivity of walking breaks on
MSK self-reported symptoms in sedentary occupations are still unknown. These

findings are taken cautiously.

Stretching breaks. Only one study (Nakphet et al., 2014) explored the
effects of two types of stretching breaks: dynamic and static (against a 60-minute
seated condition). No significant main effects were found on neck discomfort after a
3-minute stretching protocol. It was also observed that the authors did not find
main effects for neither muscle activity (device assessed), or discomfort (self-
reported) in any of their groups (static and dynamic stretching). Current evidence of
the acute one-session effects of stretching breaks on self-reported MSK spinal
symptoms are limited to LBP. Consequently, the effects of breaks from sitting on

neck are only drawn from this study.

It can be suggested that both dynamic and static stretching breaks seem to be
ineffective to reduce MSK spinal outcomes in acute one-session interventions.
However, it is of importance to point out that the absence of data in the study
report forbids us to draw further conclusions. Therefore, further research on these
outcomes is needed to understand the acute effects of stretching breaks on neck

pain.

Medium to long-term effects

Four studies considered the medium to long-term effects of breaks from sitting,
and its effects on self-reported spinal pain/discomfort. Three interventions

employed stretching breaks, and one used an unspecified break from sitting. Only
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one study (McLean et al., 2001) used unspecified active breaks from sitting (walking
away from workstation for 30 seconds), but these involved postural change.
Conflicting findings between device assessed and self-reported MSK spinal
outcomes were observed. The authors indicated no main effects for the reduction
of neck and back self-reported pain/discomfort. On the other hand, a positive effect
on neck and back median frequency myoelectric muscle signal was observed (MNF
MES). Studies using the same type of breaks as McLean et al. (2001) are unavailable.
However, though McLean et al. (2001) did not specify the type of break they used,
postural change was present, as participants left their sits and walk away from their
workstations. Waongenngarm et al. (2018) review explored the effects of breaks
with and without postural change on LBP. Unlike this review’s findings, results from
Waongenngarm et al. (2018) indicated a positive reduction on LBP when using
postural change from sitting. Whereas McLean et al. (2001) showed no effects on
either neck pain or LBP. It can be proposed that a positive reduction on MNF MES
can be achieved during short breaks (30 seconds) with postural change, but these

breaks might not be sufficient to reduce neck and back pain/discomfort.

Three studies employed stretching breaks, and all displayed a decrease of MSK
self-reported complaints on neck and/or lower back (Blasche et al., 2013; Shariat et
al., 2017; Tsauo et al., 2004). In one study (Blasche et al., 2013), the use of
stretching breaks (mixed with biofeedback relaxation - BFB), suggested a
simultaneous reduction on both upper trapezius muscle activity (device assessed),
and MSK neck complaints (self-reported) at all intervention stages. The authors also
evaluated self-reported pain/discomfort on lower back, and positive effects were
found. Nevertheless, device assessed MSK outcomes in the lower back were not
assessed. Another two studies in this review employed stretching breaks and
evaluated its effects on CROM (Shariat et al., 2017; Tsauo et al., 2004). Both studies
indicated positive intervention effects on CROM, a statistically significant decrease
on neck discomfort decrease (Shariat et al., 2017), and a decrease on upper back

soreness (at 3" intervention stage, 3 months) (Tsauo et al., 2004).
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A significant reduction of LBP was also found at Shariat et al. (2017).
Nonetheless, we cannot make a direct comparison between both review objectives
from Shariat et al. (2017), as the device assessed effects of stretching breaks on low
back were not measured. Together, findings from these three studies showed
positive effects of stretching breaks on neck, upper and low back pain/discomfort.
Thus, proposing that stretching breaks are effective on reducing spinal self-reported

MSK outcomes in medium to long-term intervention settings.

Although current literature of the effects of breaks on self-reported discomfort
is not conclusive, some agreement with this review’s findings were found by
another systematic review (Waongenngarm et al., 2018). Authors signalled that
interventions where breaks with postural change were used had lower rates of LBP,
at medium and long-term (up to 4 months). Stretching breaks are considered as a
form of break where postural change is required. Consequently, taking in
consideration Waongenngarm et al. (2018) findings, and this review findings where
LBP was reduced (Blasche et al., 2013; Shariat et al., 2017) we could suggest that
stretching breaks (as a form of break with postural change) are beneficial to reduce
self-reported LBP. Nevertheless, Waongenngarm et al. (2018) review explore only
self-reported LBP, and no other spinal areas. Therefore, we cannot make direct
comparisons from this review findings of the effectiveness of stretching breaks on

the reduction of self-reported neck and upper back discomfort.

Heterogeneity of studies

Considerable heterogeneity was present in the 12 studies included in this
review. These had a wide range of break types, break durations, and break
frequencies. The twelve studies also examined diverse spinal MSK outcomes (e.g.,
muscle activity, spinal ROM, spinal shrinkage). Hence, comparing the study’s
findings was challenging. The heterogeneity of research protocols, measurements,

and explored outcomes suggests that research exploring breaks from sitting is
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undeveloped. Consequently, is not feasible to conclude what is the most beneficial

type, duration or frequency of breaks from sitting from this review findings.

Methodological considerations of the included studies

Various methodological issues were identified in the included studies. Study
quality was low, with none of the studies fulfilling 100% of MMAT criteria (Hong et
al., 2018). The MMAT quality assessment identified low quality on reporting, more
specifically a need for clarification on randomisation, confounders accounting,
blinding of researchers, and intervention adherence. It is recommended that future
research improves their description of study methods and protocols, improving

clarity and transparency (e.g., CONSORT guidelines).

A main concern found in the studies was the absence of data reported, causing
difficulties to summarise study findings. Intervention effects between conditions, or
group comparisons, were not reported in various studies causing difficulties to
identify the effects of breaks from sitting on MSK spinal outcomes. Although
authors were contacted, the response rates were low (only 2/12 authors

responded), which made unfeasible to obtain the missing data.

Review strengths and limitations

A key strength of this review is the systematic process thoroughly followed,
including a wide literature search (studies published until March 2020). Two
reviewers were involved in all the review stages (title and abstract screening, full-
text screening, data extraction, and quality assessment) to minimise bias and errors
in the review process, in accordance with the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins et al., 2022). Another strength is the inclusion in
searches of studies not only in English but also in Spanish language, having a larger
pool of studies, though none of the studies in Spanish fulfilled the review inclusion

criteria.
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Another strength was improving reporting transparency, and clarity for the
review process, by following the SWiM guidelines (Campbell et al., 2020). In
addition, the Guidance on the conduct of Narrative Synthesis in Systematic review
was used to summarise the review findings into a narrative synthesis (Popay et al.,

2006).

In relation to limitations, the Cochrane guidance for systematic reviews (Higgins
et al., 2022) indicates that a meta-analysis can be carried out with results of two or
more studies. Nonetheless, as interventions and outcomes of the studies included
in this review were highly heterogeneous (clinically, statistically, and
methodologically) (Higgins et al., 2022), it was decided that a meta-analysis should

not being conducted as this could misrepresent the findings.

Another limitation of this review is that through the title and abstract screening
stage, only 10% of the abstracts were screened by two reviewers. The use of two
reviewers, during title and abstract screening has been demonstrated to increase
study selection by 6.6% to 11.9%, decreasing random and selection error (Stoll et
al., 2019). Although full-text screening, data extraction and quality assessment were
double screened, only the main reviewer screened 100% of all the studies in the
full-text screening stage. Whilst other reviewers involved carried out one third of
full-text screening studies (separately), and half of studies during data extraction
and quality assessment, this could create misinformation bias during the review

process.

Implications for future research

As previously mentioned, deficient study reporting has made it difficult to
generalise the main findings of this review. Future research should aim to address
the methodological considerations pointed out above. Authors should aim to report
using guidelines (e.g., CONSORT guidelines) and submit full reports with complete

data. Furthermore, authors should thoroughly report primary and secondary
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outcomes (if applicable) for all examined groups, as well as report subgroup

analysis, and intervention effect sizes (Schulz et al., 2010).

It is also key to improve the transparency while reporting methods, so future
research can replicate their methodology. Further research is needed to investigate
what break frequency, and duration, are optimal to decrease spinal MSK symptoms
on sedentary populations. It is crucial to understand the clinical significance of
various types of breaks from sitting on MSK symptoms, as well as test their

adaptability to different workplaces to be able to develop future workplace policies.

Conclusion

Twelve studies were included in this review. Findings from this review propose
that in acute single-session interventions (setting), stretching breaks were the most
effective form to reduce MSK spinal outcomes. Stretching breaks were indicated to
benefit three different device assessed spinal outcomes (decrease muscle activity,
maintain disc height and disc diameter). However, the effects of single-session
stretching breaks on self-reported MSK spinal outcomes are taken cautiously.
Primarily, because the only study exploring together both variables reported no
main findings on the reduction of spinal discomfort. Acute single-session standing
breaks seemed to be the most effective form to benefit the reduction of neck and
low back pain in an acute setting. Nevertheless, these findings are obtained from

one study, and they should be taken cautiously.

In medium and long-term interventions (2 weeks up to 3 months), stretching
breaks were also the most beneficial intervention to reduce MSK spinal outcomes.
Interventions using stretching breaks were useful to reduce various spinal objective
outcomes at the neck (muscle activity, and cervical ROM). Stretching breaks were
also effective to reduce pain and discomfort in neck, upper and lower back. Yet,
these findings were taken from only three studies, and further research is needed

to corroborate this evidence.
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To conclude, results from this review indicate that breaks from sitting,
especially stretching breaks, are effective in reducing device assessed and self-
reported MSK spinal outcomes. Nevertheless, due to limitations from the available
literature we are unable to make conclusive recommendations of what type of
break from sitting, frequency and duration is the most adequate to decrease spinal
MSDs in sedentary occupations. Further research with higher quality methodology,
reporting and sample diversity (most participants were female) is warranted to

generalise study findings.

Chapter summary and transition from study 1 to
study 2

This chapter aimed to identify what the effectiveness of breaks from sitting on
device assessed MSK spinal outcomes were. Additionally, to compare these effects
with self-reported MSK spinal outcomes. This review’s findings suggest that
stretching breaks are the most useful form to reduce both device assessed and self-
reported MSK outcomes in the spine. This review findings also suggest the need for
further research to increase knowledge and expand the evidence of the effects of
breaks from sitting on MSK outcomes. It is also essential for research to consider
what is the most ‘ideal’ break schedule (e.g., frequency, duration) to achieve health

benefits from this strategy.

The impact of the COVID-19 pandemic on the methodology
of this thesis.

The findings of the first study indicated a lack of high-quality research of the
effectiveness of breaks from sitting on device assessed and self-reported spinal MSK
outcomes in sedentary workers. These findings led to plan a laboratory study to
understand the acute effects of breaks from sitting on both device assessed (spinal
height and range of motion) and self-reported MSK spinal outcomes (self-reported

pain/discomfort). The study rationale, laboratory protocol and risk assessment were
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carried out before the pandemic. Additionally, an Ethics application was submitted

for approval to Moray House Ethics Committee in April 2020.

Study 2 consisted of a within-subjects study design, where participants would
have tested three conditions (Condition 1: Standing break, Condition 2: Standing
and static stretching, Condition 3: Sitting only). The testing period would have been
a 4-hour period where participants would be able to carry out their own desk work.
Device assessed and self-reported MSK spinal outcomes assessment would have
been carried out at baseline and at the end of the intervention day. Nevertheless,
undertake this study was not possible as all research facilities were closed due to
the outbreak of the COVID-19 pandemic. This study would have also required close
contact measurements between participants and researchers, which would have
been unfeasible due to the COVID-19 no close-contact guidelines. Therefore, a new

study had to be planned to address the thesis aim.

The COVID-19 pandemic changed the work landscape, with people working for
some or all their working week at home. The change in the work landscape created
new research questions for the SB field, as there were many unknown aspects of
working from home. Exploring SB and MSK symptoms prevalence in desk-based
workers while working from home became essential to be able to expand the
understanding of this new work landscape. The next chapter contributes to explore
and understand the recent changes in the work environment due to a global
pandemic. Furthermore, the next chapter contributes as novel research in MSK

prevalence in desk-based workers while WFH.
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Chapter 3. Sedentary behaviour and musculoskeletal
symptoms in University of Edinburgh desk-based staff
working from home

This chapter contains the second study of this PhD. The chapter focuses on the
changes that took place in the working environment during and after the global
pandemic of COVID-19 in early 2020. This study aimed to expand knowledge on SB,
and MSK symptoms while working from home. Before the pandemic, the term
office workers was used mainly to describe desk-based workers. From this chapter
on, the term ‘office worker’, is now referred as ‘desk-based worker’ to reflect these

changes.

Background

Sedentary occupations, such as desk-based workers, are particularly at risk of
developing a variety of negative health outcomes, including MSDs (Dzakpasu et al.,
2021; Jun et al., 2017; Patterson et al., 2018). Combined research results have
signalled high levels of occupational SB in these workers, indicating that they sit for
most of their working day (up to 82%) (Clemes et al., 2014; Hadgraft et al., 2016;
Parry & Straker, 2013b; Ryan et al., 2011; van Dommelen et al., 2016). Review
evidence has linked the onset of spinal MSDs in sedentary adults engaging in
prolonged sedentary time, especially when combined with computer use of more
than 4 hours per day (Ardahan & Simsek, 2016; Jun et al., 2017). Consequently,
strategies to reduce prolonged sedentary time are necessary to also reduce MSDs

development.

Review evidence suggests that breaking up sedentary time intermittently is
beneficial to reduce self-reported MSK pain and discomfort in desk-based workers
(Agarwal et al., 2018; Waongenngarm et al., 2018). In addition, findings from study
1 (chapter 2) also suggested that breaks from sitting were effective to reduce

various spinal outcomes in sedentary workers. Together, these findings suggest the
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importance of breaks from sitting to benefit various health outcomes in sedentary
workers. While these findings are important, recent changes in the work landscape
have made remote work more frequent in desk-based workers. Expanding
knowledge of the prevalence of occupational SB and MSK symptoms in the home

setting is still necessary.

WFH and the COVID-19 pandemic

The coronavirus pandemic (COVID-19) took place worldwide during early 2020,
affecting the normality of various activities (e.g., work, school, leisure) (Cucinotta &
Vanelli, 2020; World Health Organization, 2020a). Meanwhile, desk-based workers

were enforced to work from home (WFH).

Prior to COVID-19, some organisations already permitted WFH and hybrid
working (Hassan et al., 2013). This was possible due to the growth of mobile
technologies, and continuous connectivity, which facilitated remote work (Hassan
et al., 2013; Messenger, 2017). Although working from home (WFH) gained
popularity in the past years, changes took place gradually for workers. Conversely,
due to the confinement periods during COVID-19, an upsurge of people WFH was
observed. In the UK, 30% of people with administrative, educational, and secretarial
workers were WFH at least once a week in 2019 (Watson, 2020). During the COVID-
19 pandemic these numbers increased up to 46.6% (Cameron, 2020). Survey
findings conducted with desk-based workers from various countries (United States,
Italy, Spain, France, UK and Germany), also showed that the number of people WFH
almost doubled (from 33 to 60%) since the COVID-19 pandemic began (Nagel,
2020). The most recent figures from the Office of National Statistics (early 2022)
reported that 38% of workers in the UK still WFH during the working week (Office

for National Statistics, 2022).

Primary evidence exploring SB in adults during the COVID-19 pandemic,

signalled increases in sedentary time during the pandemic (Moretti et al., 2020;
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Sagat et al., 2020; Safiudo et al., 2020; Zheng et al., 2020). Compared to pre-COVID-
19, SB during COVID-19 was indicated to be higher in adults staying at home (either
for work or study), with an average increase on self-reported sitting ranging from
2.2 to 3.3 hours per day (Safiudo et al., 2020; Zheng et al., 2020). Thus, indicating
that the home environment is conducive of higher SB in adults. However, this
evidence was taken during the confinement periods, when people were required to

remain at home, which might have influenced this prevalence.

In relation to MSK symptoms, a relationship between SB increase and an
upsurge on self-reported low back (41.2%), and neck pain (23.5%) was observed in
adults staying at home during the COVID-19 pandemic (Moretti et al., 2020; Sagat et
al., 2020). These findings support pre-COVID evidence signalling that SB is linked to
MSDs development. Nevertheless, participants from Sagat et al. (2020) were not
desk-based workers solely, which could have affected MSK prevalence as their work

activities might have been different.

Prior to the pandemic, WFH had been defined as an “office environment where
paid work is carried out from home, and linked with a traditional office for
administrative support” (Hassan et al., 2013). Even though some of these points are
still pertinent, the nature of WFH has evolved since the pandemic. For example,
nowadays, many workers can often choose when to WFH and when to work at the
office (hybrid working) without needing administrative/managerial support, offering

these workers greater flexibility.

In the UK, the number of desk-based workers planning to continue engaging in
hybrid working increased since 2021, from 31% (2021) to 42% in 2022 (Office for
National Statistics, 2022). Additional evidence also reinforced this notion, with
workers from various high-income countries intending to continue engaging in

hybrid working after the pandemic (Nagel, 2020; Williamson et al., 2020). Thus,
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highlighting that desk-based workers will continue WFH, or engaging in hybrid work,

instead of returning to a full office environment.

WFH brings many advantages to desk-based workers. Amongst the most
common are a decrease in commuting time, a better life-work balance, greater
schedule flexibility, improved wellbeing and an increase in job satisfaction (Bloom
et al., 2015; Office for National Statistics, 2022; Olsen et al., 2018a). However, WFH
also seem to have disadvantages to these workers such as increased SB, which is

linked to various health problems, including MSDs.

After the pandemic, many individuals have engaged in hybrid working instead
of solely WFH. During the creation of this study, only two studies (from the same
research group) had explored SB while engaging in hybrid working (Olsen et al.,
2018b, 2018c). In one study, desk-based workers perceived and recognised
increases of sitting while WFH when compared to the office, accrediting these
problems to online communication such as email communication, and online
meetings becoming more frequent, in opposition to the workplace where they must

stand up from their desks, and walk to a meeting location (Olsen et al., 2018c).

The second study from Olsen et al. (2018b) was an intervention targeting sitting
reduction at both home and office settings. The study also quantified occupational
sitting with the use of accelerometers. Following a 6-week intervention (while
working at home once a week), it was found that participants’ sitting time increased
by 20.5 minutes per day while WFH, when compared to the office (rest of the week)
(Olsen et al., 2018b). Differently, when participants carried out their work at an
office, sitting time was decreased by 40% (56 minutes per day). Nevertheless, these
workers only worked one day at home, whereas nowadays many people might

spend most of their week WFH.
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From both studies (Olsen et al., 2018b, 2018c), it is evident that the home
environment exacerbates the prevalence of SB. The increase in SB might be related
to various aspects of WFH. For example, at home, most of the work activities (e.g.,
meetings) are carried out in front of a screen, whereas at the office these involve
moving to a different location. The absence or reduction of commuting time and
incidental movement (e.g., walking for a toilet break, walk outside the building
during lunch or teatime), might also contribute to SB increases while WFH. Thus,

creating further challenges for desk-based workers to reduce their occupational SB.

To summarise this section, WFH became the norm during the COVID-19
pandemic and has continued to be common post-pandemic. WFH appears to
exacerbate the already high prevalence of SB in desk-based workers. Also, it is
evident that during hybrid work, the prevalence of SB is higher at home when
compared to the office. Considering this, it is expected that desk-based workers
increase various health problems related to prolonged SB. For example, higher
levels of SB while WFH appear to be associated with a high prevalence of MSK
symptoms. Nevertheless, other factors might be also influencing the prevalence of

MSK symptoms. These are discussed in the next section.

WFH and ergonomic guidelines

Desk-based work has become more dependant of visual display units (e.g.,
desktop computer or laptop), at the office or when WFH. Poor ergonomic postures
related to the use of new and portable technologies and electronic devices (e.g.,
laptops, tablets, phone) have been suggested to be a risk factor for the
development of spinal, arm and leg MSK symptoms (Gonzéalez-Menéndez et al.,

2019; Honan, 2015).
Appropriate ergonomic settings are essential to avoid MSK problems in desk-

based workers. However, setting up workstations at home can be challenging and

might not be straightforward for many desk-based workers. Due to the COVID-19
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pandemic, improvised working spaces were arranged at home creating work

settings where ergonomic guidelines could not be followed correctly.

Davis et al. (2020) explored the ergonomic design of home workstations and
the most frequently used electronic devices in university staff WFH during COVID-
19. From 46 participants, three quarters of participants used laptops as monitors,
with a high percentage (65%) of laptop monitors set lower than recommended by
ergonomic guidelines (Davis et al., 2020). Other ergonomic problems found were
lack of back support, no lumbar support, chairs at incorrect height, and external
monitors set lower than indicated ergonomically (Davis et al., 2020). In relation to
this, evidence from various studies has indicated that incorrect ergonomic settings

can cause MSK pain and discomfort.

Combined evidence has signalled that using non-adjustable chairs is an
influencing factor for developing MSK pain and discomfort in desk-based workers
(Galof & Suc, 2021; Rodrigues et al., 2017; Yorulmaz et al., 2022). Further evidence
from Radulovi¢ et al. (2021) indicated that not having an ergonomic chair at home
or an adequate office desk increased MSK symptoms in desk-based workers during
the COVID-19 pandemic. In addition, Rodrigues et al. (2017) found that incorrect
chair height and armrests seemed to be contributors to MSK pain development in

desk-based workers.

Laptop use is more frequent while WFH and various problems are present from
using these display units (Davis et al., 2020). One challenge would be the difficulty
to follow ergonomic guidelines while using laptops, as laptop screens are positioned
lower than desktop screens (Davis et al., 2020). Additional research of laptop users
has indicated increases of neck, upper and lower back discomfort after engaging in
laptop use for over one hour (Heidari et al., 2019). Both studies suggested that
there are challenges present when using portable technologies such as laptops.

Moreover, if the laptop is set up incorrectly it can contribute to an increase of MSK
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symptoms. Nonetheless, current evidence is limited, and needs to be expanded to
understand if ergonomic settings contribute to the MSK prevalence at the home

environment.

Summary and knowledge gap
Along with the unprecedented growth of desk-based workers leaving their
offices to WFH due to the COVID-19 pandemic, it was expected that these work
settings would affect desk-based workers’ health. Nowadays, hybrid work has
become more predominant among desk-based workers (Office for National

Statistics, 2022).

Desk-based workers are likely to be more sedentary at home due to various
factors (e.g., the absence of daily commuting, online meetings whilst sitting) (Bloom
et al., 2015; Olsen et al., 2018a, 2018b, 2018c). An increase of SB at the home
environment, when compared to the office, has been identified in desk-based
workers (Olsen et al., 2018a, 2018b). This increase was also observed in adults WFH
during the quarantine period, which seems to intensify MSK symptoms such as pain
and discomfort (Moretti et al., 2020; Sagat et al., 2020; Safiudo et al., 2020; Zheng
et al., 2020).

Breaking up sitting has been signalled to prevent and aid detrimental health
outcomes, including MSK pain and discomfort (Agarwal et al., 2018; Waongenngarm
et al., 2018). Nevertheless, there is limited research of the effects of breaks from

sitting in the home environment.

In addition to prolonged SB, inadequate ergonomic work settings (e.g., chair,
laptop use) and poor working postures may increase MSDs amongst adults while
WFH (Davis et al., 2020; Gonzéalez-Menéndez et al., 2019; Honan, 2015). Although
some studies have explored MSK symptoms in desk-based workers, there is limited

evidence of these outcomes when WFH. Contemplating the limited evidence in
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relation to the home environment as a workplace, this study focused on addressing

these shortcomings.

Study aims and objectives
This study focused on increasing knowledge on various outcomes related to the
WFH environment. The study aimed to explore differences in MSK symptoms
prevalence between groups defined by occupational sitting, breaks from sitting and
ergonomic chair settings. In addition, it was hypothesised that highest occupational

sitting time would be reflected in higher MSK symptoms prevalence.

The research objectives were:

1. Describe self-reported occupational sitting, self-reported breaks from sitting
(number and duration), and ergonomic settings while WFH.

2. Describe self-reported MSK symptoms prevalence while WFH.

3. Explore differences in MSK symptoms between groups defined by their total
occupational sitting time.

4. Explore differences in MSK symptoms between groups defined by number
and duration of breaks from sitting.

5. Explore differences in MSK symptoms between groups defined by

ergonomic chair settings score.

Methods
Ethics

Ethical standards followed the British Psychological Society (BPS). Approval for
the study was given by the Moray House of Education and Sport Research Ethics
Committee (Reference: AN17022021-1). The Participants Information Sheet
(detailing the study) and consent form were embedded as a section of the online

questionnaire (Appendix 1 respectively).
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Study design

A cross-sectional study design was used to collect participants’ data. This study
was part of a larger project (Niven et al., 2022) with specific sections included to
address the research questions of the thesis. The project was presented to
participants as an online survey (Appendix 1) and contained the participants
information sheet, consent form and it consisted of eight sections: 1. Demographic
information; 2. How much do we sit whilst working from home; 3. What influences
our ability to reduce our sitting time?; 4. Pain and discomfort. Cornell
Musculoskeletal Discomfort Questionnaire; 5. The Warwick and Edinburgh Mental
Well-Being Scale; 6. Work and Wellbeing survey; 7. Working from home facilities; 8.
Anything else.

The data collected for this study was taken from sections 1, 2, 4 and 7 which

are highlighted in Appendix 1.

Study population

Considering that desk-based workers such as academics, professionals and
secretarial staff have been classified as the largest group (57%) WFH in the UK
(Watson, 2020, March 24), this study focused on university staff. There were
thirteen thousand office staff at the University of Edinburgh (UoE) (including
colleges staff and secretaries, and excluding corporate services), and nine
thousands of these workers had a full time equivalent contract (during the creation
of the study) (The University of Edinburgh, 2021a). Many of the staff were WFH

since the office closures caused by the COVID-19 pandemic.

Inclusion criteria were UokE staff over 18 years old, WFH with frequent

computer use. No specific exclusion criteria were used for this study.
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Measures and outcomes

Demographic information.

Demographic data were collected from participants: age, gender, ethnicity,
height, weight, job type, type of work contract (e.g., full-time), length of work for
UoE.

WFH ergonomic workstations.

A description of the home workstations was provided through general
guestions. Based on two recent studies during COVID-19 (Davis et al., 2020; Moretti
et al., 2020), key information related to home workstations were collected. This
included data related to their WFH space (home space), input device (laptop,

desktop), number of monitors, and type of desk (sitting, standing, other).

Self-reported musculoskeletal symptoms

The Cornell Musculoskeletal discomfort questionnaire (CMDQ) (Hedge et al.,
1999) was used to assess self-reported musculoskeletal discomfort or pain at
eighteen body areas (neck, left and right shoulders, upper back, left and right upper
arms, lower back, left and right forearms, left and right wrists, hip/buttocks, left and
right thigh, left and right knees, and left and right lower legs). CMDQ has been
indicated to have high content and face validity, moderate concurrent validity, and
test-retest reliability for all components when tested in desk-based workers with

MSDs (Shariat et al., 2016).

The CMDQ was used as a descriptive tool to determine last 7-days participant’s
pain or discomfort. The CMDQ consists of three main questions asked in relation to
each examined body area. One question related to pain frequency (1. During the
last work week how often did you experience ache, pain, discomfort in? Five possible
answers [Never, 1-2 times last week, 3-4 times last week, once every day, several

times every day]), one related to pain intensity (2. If you experienced ache, pain,
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discomfort, how uncomfortable was this? Three possible answers [Slightly,
moderate, and very uncomfortable]), and one related to work interference due to
pain/discomfort (3. If you experienced ache, pain, discomfort, did this interfere with
your ability to work? Three possible answers [Not at all, slightly interfered and
substantially interfered]). Scoring guidelines for the CMDQ were followed for each
question (frequency score [0, 1.5, 3.5, 5, 10], discomfort score [1,2,3] and

interference score [1,2,3]) by summing the rating scores (Hedge et al., 1999).

Results from the three questions were summed individually per body area
(eighteen areas). MSK final values were used to create a dependent continuous
variable. This variable was used to examine group differences with independent

variables (occupational sitting, breaks from sitting, and ROSA score).

Self-reported occupational sitting time and breaks from sitting

Two tools were used to capture relevant aspects of sitting patterns while WFH,
including breaks from sitting. Although some similarities were present in the
questions included in these tools (e.g., During the last 7 days, how many days were
you at work?), repetitiveness was avoided by applying recurring questions only

once. These tools are described below.

Occupational Sitting and Physical Activity Questionnaire (OSPAQ).
The Occupational Sitting and Physical Activity Questionnaire (OSPAQ) (Chau et al.,
2012) is a self-reported questionnaire used to collect data on self-reported
occupational sitting and occupational physical activity. This tool has been indicated
to have good test-retest intra-class reliability for its domains (Bakker, Hartman, et

al., 2020).
The OSPAQ has three questions, one explores total working hours (“How many

hours did you work in the last 7 days?” # of hours), one related to the working days

(“During the last 7 days, how many days were you at work?” # of days), and the
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third question explores various domains of activities performed at work that are
answered in percentages to summarise a 100% of the working day (“How would you
describe your typical workday in the last 7 days?” Four domains: a) sitting (including

driving), b) standing, c) walking, d) heavy labour or physically demanding tasks).

Results from the OSPAQ were converted into minutes per day by using the
OSPAQ scoring guidelines (total working hours/days of work per week * sitting,
standing, walking, heavy labour) (Chau et al., 2012). The OSPAQ score was used to

create the independent variable ‘groups of sitting'.

Workforce Sitting Questionnaire (WSQ). The Workforce Sitting Questionnaire
(WSQ) (Chau et al., 2011) was used to complement the OSPAQ tool. This tool is used
to capture sedentary behaviour during working and non-working days. The tool has

been indicated to have fair to excellent test-retest reliability for all its domains

(Chau et al., 2011).

The WSQ has two questions. The first question explores the time spent sitting
during the week (“During the last 7 days, please estimate how much time you
usually spend SITTING in each of the following activities on a WORKING day and a
NON-WORKING day”) and entail five domains (“a) Transport; b) At work; c)
Watching TV; d) Using a computer at home; e) Other leisure activities [not including
TV or computer use]”). The responses are open ended in hours and minutes. The
second question (which is similar to the OSPAQ) explores working days during a
seven-day week (“During the last 7 days, how many days were you at work?"), and

the responses are open ended.

The data obtained from this tool was not used for the data analyses as
participants overreported (e.g., sitting for 28 hours in a day spread across domains)
their total SB during the week. Therefore, only the data from the OSPAQ was used

for the data analyses.
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Breaks from sitting

The Sudholz et al. (2018) questionnaire assessed breaks from sitting while WFH.
The two components of this tool have showed fair construct validity, and good test-
retest reliability when compared to ActivPAL3 inclinometer and ActiGraph

accelerometer in sedentary adults.

Participants’ breaks from sitting per hour (during work) were explored using
the second question of this tool (“In the last 7 days, how many breaks from sitting
did you take per hour, while at work? This could include standing, stretching, taking
a short walk. Do not count lunch or tea breaks”, with 7 possible answers [0, 1, 2, 3,
4,5, 6 or more]). The Sudholz et al. (2018) limits the number of breaks to 6 breaks
per hour. Data from the first question on occupational time was not used to inform
the sitting time data in this study (“During the last 7 days, how much time did you
usually spend sitting at work on a weekday?” open answer with hours and minutes
box). Data of numbers of breaks from sitting were used to create the independent

variable ‘number of breaks from sitting’.

Two additional questions (1. “How long were these breaks from sitting?” Open
response in minutes”, 2. “In the last 7 days, how many workdays did you work at
home?”, 7 answers [1,2,3,4,5,6,7]) were added to the online questionnaire to
explore participants working days while WFH. These data were used to create

groups for the independent variable ‘breaks from sitting duration’.

The Sudholz tool states that tea and lunch breaks are not considered as a break
from sitting. The question was included verbatim from the text to explore solely
short breaks from sitting which can be carried out while working. Contemplating
that lunch and tea breaks might be carried out during established break times (e.g.,
one-hour lunch break), while seated and their duration might be lengthier than a

short break these breaks were not considered for this question.
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Rapid Office Strain Assessment (ROSA)

An adapted version of the Rapid Office Strain Assessment (ROSA) (Sonne et al.,
2012) was used to collect data of the participants chair settings. ROSA tool is used
to “quickly quantify risks associated with computer work” and it has displayed high

inter and intra-observer reliability (Sonne et al., 2012).

Data collected were from ROSA section A: chair height, seat depth, armrests,
and back support. These data was converted using the ROSA scoring guidelines
(Sonne et al., 2012). A scoring table was used to get the chair score (chair seat
pan/height compared to arms/back rest). As stated in the ROSA scoring guidelines,
to produce the total chair score, total sitting hours were added to this sum
considering participants sitting time per day (e.g., chair score of 4 + hours of sitting
time). Afterwards, this score was used to create groups individuals with high risk of

MSK symptoms (scores above 5) and low risk (scores below 5).

Procedure

An online questionnaire was created through Qualtrics (Qualtrics, Provo, UT,
https://www.qualtrics.com). This online software is compliant to the General Data
Protection Regulation (GDPR). All self-reported tools, assessing outcomes of interest

to this research, were uploaded to the online questionnaire.

Invitations to participate in the study were shared to UoE staff as a link through
email (e.g., staff bulletins), and in social media posts (Twitter and Facebook). The
online survey was active for four weeks (13t of April 2021 to 11t of May 2021).
During the recruitment and data collection stage Scotland moved from protection
level 4 (office workers to work from home exclusively) to level 3 (office workers
work from home where possible) on the 26™ of April 2021. Completing the eight

sections of the survey took an average of 15 to 20 minutes.
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All responses were anonymous and untraceable. After completing the survey,
participants were given the opportunity to participate in a £50 voucher prize draw
by providing their email. In addition, participants were given the option to give their
email to be contacted for future research. The data for the voucher prize and

participation in future research were kept separately from the survey data.

Data analyses

Missing data and outliers

All the questions in the online survey were optional to responders, with no
force response option activated. This might have cause various missing values were
found. Values were considered as missing when a response was shown as not
recorded in the survey, and they were omitted from the main analyses, but still

represented as ‘missing’ in the system outputs.

Outliers were identified during the data analysis for all the independent
variables (breaks, sitting, ergonomic chair score). The outliers were explored using
the dataset and checked individually per variable to identify their source (e.g.,
underlying health conditions of participants). The exploration of the outliers did not
suggest any evidence of underlying conditions that affected the data. The data were
reanalysed, and two separate Kruskal-Wallis tests were carried out to examine if the
results were influenced by the outliers’ data. One analysis was done by keeping the
outliers’ data in the dataset. The second analysis consisted of removing outliers
from the data and then repeat the statistical test. Both analysis were consistent in
results (not significant group differences on MSK symptoms for any variable).
Considering the results were not significantly altered it was decided to keep the

outliers’ data and report these results.
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Data analysis

All data were processed using SPSS IBM version 25 software. Descriptive
statistics were used to present participant characteristics (mean, standard
deviation, median, range and frequencies). Data normalities were analysed carrying
out the Kolmogorov-Smirnov test for all variables. The Kolmogorov-Smirnov tests
indicated that data distribution for MSK symptoms D(332)=0.167, p<0.000 were not
normally distributed. Equivalent results for data distribution were found for sitting
D(327)=0.154, p<0.000, number of breaks from sitting D(324)=0.301, p<0.000,
duration of breaks D(329)=0.303, p<0.000, and chair score D(309)=0.212, p<0.000.

As data did not follow a normal distribution, non-parametric tests were used.
MSK symptoms were considered as a dependent continuous variable, and sitting,
breaks from sitting and chair scores were considered as categorical ordinal variables
and groups were created (transforming the variables into categories) to analyse the

data.

The Kruskal-Wallis test was used to explore differences between groups of
variables with MSK symptoms. Post-hoc analysis using pairwise comparisons with
Bonferroni corrections (three comparisons, [0.05/3], significance level p< 0.0166)
were carried out where there was a significant main effect to understand group
differences. Effect sizes were calculated for all comparisons using the formula
r=z/VN (z-score/square root of number of observations). Results were interpreted
using Cohen’s guidance (Cohen, 2013) and described as small (0.2), medium (0.5)

and large (0.8) effect sizes.

Groups of variables of interest. The groups for each variable of interest
were created considering various aspects. For groups of sitting, variables were
grouped contemplating current literature suggesting the onset of MSK symptoms
starts at 4 hours of prolonged SB (Kett et al., 2021), with the onset of additional
MSK concerns at 6 hours (Basakci Calik et al., 2022; Heneghan et al., 2018) and 8
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hours (Rabal-Pelay et al., 2019). Therefore, staff were divided in four groups, sitting
for less than 4 hours (group 1), over 4 to 6 hours (group 2), over 6 to 8 hours (group

3), and over 8 hours (group 4).

Current literature exploring breaks from sitting do not provide information
about the ‘ideal’ frequency or duration of breaks from sitting to reduce MSK
symptoms yet. Consequently, for groups of breaks from sitting, it was decided to
create the variables to test if the MSK symptoms prevalence was different in people
taking breaks from sitting (group 1) against people not taking breaks from sitting
(group 2). Similarly, for duration of breaks, groups were created to differentiate
between the prevalence of MSK symptoms in various breaks lengths. The groups
were breaks duration of 0 to 4 minutes (group 1), 5 to 10 minutes (group 2), and

over 10 minutes (group 3).

Lastly, for chair scores, groups were formed using the guidance from ROSA
(Sonne et al., 2012), where scores of below 5 (group 1) or above 5 (group 2) identify

people with low or high risk for MSDs development (respectively).

Results

Sample characteristics

A total of n=332 desk-based UoE staff completed the online survey. Participants
mean height were 169.2 (SD 8.8) cm, weight 74.2 (SD 18.8) Kg, with a BMI of 25.7
(SD 6.1) kg/m?. From the total sample, most staff were female (72.9%) of white
ethnicity (92.8%). Age range was varied with the highest percentage (33.4%) being
workers of 41 - 50-years. Most of the workers were fulfilling professional services
roles (71.7%). A high number of workers had a full-time contract (82.2%), and more
than half (59.9%) had worked for the University for 1 - 10 years. Participants
reported working 4.7 (SD 1.0) days from a 7-day working week. Participants worked
an average of 35 hours per week (SD 9.3). Table 10 summarises the general

characteristics for participants.
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Table 10

General characteristics of participants (n=332).

Median
Variable Mean (SD) (Range)
Height (cm) 169.2 (8.8) 168.0 (46.0)
Weight (Kg) 74.2 (18.8)  70.0(154.0)
BMI 25.7 (6.1) 24.2 (59.3)
Age range Total N (%)
18-30 36 (10.8%)
31-40 97 (29.2%)
41-50 111 (33.4%)
51-60 70 (21.1%)
61+ 18 (5.4%)
Gender
Male 85 (25.6%)
Female 242 (72.9%)

Non-binary/ third gender/ Prefer not
to say
Ethnicity
White
Mixed ethnicity
Asian, Scottish Asian, British Asian
Other ethnic groups
African, Scottish African, British
African/Caribbean or Black
Work characteristics
Job type
Professional services
Academic
Technician
Other
Contract type
Full-time (1.0 FTE)
Part-time (> 0.6 FTE)
Part-time (< 0.6 FTE)
Length of work at the University
Less than 1 year
1-10years
11 -20years
20+ years

5 (1.5%)

308 (92.8%)
6 (1.8%)
6 (1.8%)
6 (1.8%)
3 (0.9%)

238 (71.7%)
77 (23.2%)
5 (1.5%)

11 (3.3%)

273 (82.2%)
48 (14.5%)
11 (3.3%)

26 (7.8%)
199 (59.9%)
66 (19.9%)
41 (12.3%)
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Ergonomic settings at home

UoE staff used different types of workstation and input devices while WFH.
Most staff (84.6%) used a laptop device either on its own or connected to an
external monitor and a peripheral mouse (56.3%). The second most used
workstation (22.6%) was desktop computer including monitor, keyboard and
mouse. Participants also reported using 1 monitor (44.5%) or 2 monitors (43.6%).
Lastly, the most popular type of desk amongst the participants was a sitting desk
(59.4%). The second highest percentage (27.6%) indicated to use ‘Other’ type of
working desk. Among these other arrangements, were reported the use of various
house furniture as a desk (e.g., coffee table, kitchen table, sofa). Table 11 illustrates

the main findings regarding the participants working settings while WFH.

Table 11

Ergonomic settings while working from home.

Total number

Type of workstation (percentage %)
Desktop including monitor, 75 (22.6%)
keyboard and mouse
Laptop connected to an 187 (56.3%)

external monitor, including
mouse

Laptop (no external mouse or
keyboard)

Laptop with mouse

Laptop with external keyboard

Other
Number of monitors

1

2

Other
Desk type

Sitting desk

Standing desk

Sitting table

Various house surfaces (e.g.,
kitchen table, sofa, coffee table)

50 (15.1%)

56 (16.9%)
56 (16.9%)
18 (5.4%)

145 (44.5%)
142 (43.6%)
39 (12.0%)

196 (59.4%)
13 (3.9%)
30(9.1%)
93 (27.6%)
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Self-reported pain and discomfort — CMDQ,

Eighteen bodily areas were assessed using the CMDQ. From n=332 participants,

93% showed at least one MSK symptom (7% were asymptomatic). Highest

prevalence of self-reported pain were found on neck (65.4%), lower back (64.8%),

and right shoulder (48.5%). MSK prevalence was 25.7 (SD 7.4, Mdn=24.0,

range=45.0). Table 12 illustrates pain and discomfort prevalence for all the CMDQ

assessed areas.

Table 12

Prevalence of bodily pain and discomfort using the Cornell Musculoskeletal Discomfort

Questionnaire.

Body area

Total number,
Musculoskeletal
symptoms prevalence (%)

Neck

Right shoulder
Left shoulder
Upper back
Right upper arm
Left upper arm
Lower back
Right forearm
Left forearm
Right wrist
Left wrist
Hip/buttocks
Right thigh
Left thigh
Right knee
Left knee
Right lower leg
Left lower leg

217 (65.4%)
161 (48.5%)
130 (39.2%)
140 (42.2%)
77 (23.2%)
58 (17.5%)
215 (64.8%)
91 (27.4%)
49 (14.8%)
112 (33.7%)
59 (17.8%)
148 (44.6%)
60 (18.1%)
59 (17.8%)
95 (28.6%)
80 (24.1%)
62 (18.7%)
60 (18.1%)

Occupational sitting - OSPAQ

Participants WFH showed high percentage of occupational sitting, with staff

sitting for 89.5% of their working day. Participants’ working day varied depending
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on their type of contract (e.g., FTE, 0.5 FTE) and the average of time spent in each
OSPAQ domain was calculated for working days only. Average sitting was 395.7 (SD
99.2) minutes per day, or 6.5 (SD 1.6) hours per day. Table 13 illustrates the OSPAQ

results reported per domain.

Table 13

Results from the Occupational Sitting and Physical Activity Questionnaire per domain.

Percentage Minutes Mean Minutes Median
Activity per day (SD) (Range)
Sitting 89.5 % 395.7 (99.2) 411.6 (690.9)
Standing 6.5% 29.0 (62.2) 8.4 (432.0)
Walking 3.7% 16.7 (27.5) 1.5 (201.6)
Heavy labour  0.3% 1.3(6.8) 0.0 (50.4)

Group differences for occupational sitting in relation to MSK
symptoms

Sitting time data were split in four groups. Group 1: Sitting less than 4 hours,
group 2: sitting over 4 to 6 hours, group 3: sitting over 6 to 8 hours, group 4: sitting
over 8 hours. Table 14 illustrates descriptive data for MSK symptoms in relation to

groups of sitting time, and descriptive data for each sitting time group.

Table 14

Sitting time descriptive data organised in quartiles in relation to MSK symptoms.

MSK
Sitting MSK symptoms

Sitting time Sitting Median symptoms Median
per day N Mean (SD) (Range) Mean (SD) (Range)
Group 1 23 133.7(77.9) 144.0(236.2) 23.1(6.1) 21.0(26.0)
Group 2 61 326.7 (27.2) 336.0(110.0) 23.4(6.3) 22.0 (45.0)
Group 3 202 418.5(30.7) 420.0(115.7) 26.0(7.2) 24.0 (45.0)
Group 4 41 535.8 (50.0) 516.0(204.9) 28.5(9.1) 27.0(41.0)

120



A Kruskal-Wallis test was used to explore differences in MSK symptoms
between groups of sitting. There was significant strong evidence for differences
between the groups; H(3)=21.1, p=0.000. Bonferroni corrections (p=0.0166 level)
revealed differences were found only between group 1 and group 4 (p=0.006,
r=0.39). However, no differences were found between group 1 and group 2
(p=1.000, r=0.06), or group 1 vs group 3 (p=0.054, r=0.17). This indicated that
longest sitting time (over 8 hours) had significantly higher MSK symptoms scores
when compared to lowest sitting time (less than 4 hours). Figure 5 illustrates sitting

group differences in relation to MSK symptoms.

Figure 5

Boxplots illustrating group differences for sitting time groups in relation to MSK symptomes.

Breaks from sitting — Sudholz tool

Most of the participants took breaks every hour (68.4%). Furthermore, results
from the Sudholz tool signalled participants took 1.3 (SD 1.4) breaks from sitting per

hour of work. Additionally, breaks durations showed to be 5.38 (SD 7.0) minutes.
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Descriptive data were split into two groups (group 1: no breaks, group 2: 1-6 breaks
per hour) to explore breaks from sitting and three groups for breaks duration
(group 1: 0-4 min, group 2: 5-10 min, group 3: over 10 min). Table 15 illustrates
descriptive data for both break variables (number and duration), and in relation to

MSK symptoms prevalence.

Table 15

Breaks from sitting descriptive data in relation to MSK symptoms.

MSK
Number of Breaks MSK symptoms
breaks per Breaks Median symptoms Median
hour N Mean (SD) (Range) Mean (SD) (Range)
No breaks 105 0.1(0.2) 0.0(0.7) 25.3(6.8) 23.0 (41.0)
1-6 breaks 219 1.9 (1.3) 1.0 (5.0) 25.8(7.7) 24.0 (45.0)
Breaks
duration
Group 1 (0-4 257 1.3 (1.3) 2.0 (5.0) 25.4 (7.3) 23.0 (42.0)
min)
Group 2 (5-10 52 6.4 (2.2) 5.0 (5.0) 25.8 (7.5) 24.0 (45.0)
min)
Group 3 (>10 23 24.6 (16.3) 16.0(48.0) 25.2(5.0) 25.0(19.0)
min)

Group differences for breaks from sitting in relation to MSK
symptoms

Kruskal-Wallis tests were carried out to examine differences between groups
for number and duration of breaks from sitting. No significant differences were
found for groups of number of breaks from sitting, H(1)=0.39, p=0.52. Likewise, no
significant group differences were found for groups of breaks duration, H(2)=0.66,
p=0.71. Figure 6 and 7 illustrates group comparisons for number of breaks from

sitting and breaks duration respectively, in relation to MSK symptoms scores.
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Figure 6

Boxplots illustrating group differences for number of breaks from sitting in relation to MSK symptoms
scores.

Figure 7

Boxplots illustrating group differences for breaks duration in relation to MSK symptoms scores.
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Ergonomic chair settings - ROSA

From the total sample, n=331 participants (of 332) responded the questions
related to the Rapid Office Strain Assessment (ROSA) (Sonne et al., 2012) chair
assessment. Chair assessment involved selecting the relevant options for the
primary used chair (height, seat depth, armrests and back support). Score was
calculated following the section A from the ROSA guidance for chair assessment
(Sonne et al., 2012). A sum of total chair score and total sitting duration (sitting for
less than 1 hour per day: score -1, 1-4 hours per day: score 0, over 4 hours: score
+1) were used to calculate chair score. According to the guidance, scores of five or
over indicates ‘high risk’ of musculoskeletal development. Total chair assessment
indicated an M=3.5 (SD 1.2), with most participants having scores of less than five
(80.6%). Table 16 illustrates descriptive data for ROSA scores grouped in low and

high risk of musculoskeletal development.

Table 16

ROSA descriptive data split into low and high risk of musculoskeletal development.

MSK
ROSA MSK symptoms
ROSA chair ROSA Median symptoms Median
scores N Mean (SD) (Range) Mean (SD) (Range)
Low risk 249 3.3(0.9) 3.0(4.0) 26.0(7.6) 24.0 (45.0)
(Score <5)
High risk 82 6.1 (0.5) 6.0 (2.0) 25.2 (7.0) 23 (24.0)
(Score >5)

Group differences for ROSA score in relation to MSK symptoms
Kruskal-Wallis tests indicated that there were no significant differences

between ergonomic chair settings for both groups (low and high risk), H(1)=0.62,

p=0.43, on MSK symptoms prevalence. Figure 8 illustrates group comparisons for

ROSA scores in relation to MSK symptoms.
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Figure 8

Boxplots illustrating group differences for ROSA scores in relation to MSK symptoms scores.

Discussion
Confinement due to the COVID-19 pandemic forced desk-based workers to
WEFH. After two years, desk-based workers continue WFH, for some (hybrid work) or
all their working week. Previous literature of desk-based workers WFH indicated
that these workers engage in longer occupational SB periods when compared to the
office (Olsen et al., 2018a, 2018b). The increase of SB at home has been linked to

increased prevalence of MSK symptoms in these workers.

This study focused on expanding knowledge of a novel work setting, the home
environment. The aim of the study was to explore differences between groups
defined by occupational sitting time, breaks from sitting and chair settings in

relation to MSK symptoms prevalence in UoE staff WFH. Research objectives were
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to describe occupational sitting time, breaks from sitting, ergonomic chair settings
and musculoskeletal symptoms prevalence in UoE staff while working from home
(WFH). It was also hypothesised that the highest occupational sitting time would be

reflected in higher MSK symptoms prevalence.

There main findings in this study are. Firstly, UoE staff sat for most of their
working day (89% of their day) while WFH. Secondly, participants showed a high
prevalence of MSK symptoms while WFH (93%). Thirdly, staff with the longest
sitting time (over 8 hours per day) showed a significantly higher prevalence of MSK
symptoms than those with the lowest sitting time. Thus, supporting the study
hypothesis. Lastly, a large number of participants (68.4%) reported taking a high
number of breaks from sitting (1.3 breaks per hour) which differs from current SB

literature. The main findings are discussed in the following sub-sections.

MSK symptoms while WFH

Increases in sitting time have been associated with a higher prevalence of MSK
symptoms in desk-based workers (Ardahan & Simsek, 2016; Dockrell et al., 2015;
Jun et al., 2017). In this study, a high prevalence of MSK symptoms (93%) was found
in UoE staff WFH. Most staff had at least one MSK symptom, and the most
prevalent body areas were neck (65.4%), lower back (64.8%), and right shoulder
(48.5%). These findings are consistent with current literature of MSK symptoms
prevalence in desk-based workers during and after the pandemic (Argus & Paasuke,
2021; Gerding et al., 2021; Matsugaki et al., 2021; Moretti et al., 2020; Prieto-
Gonzaélez et al., 2021; Radulovié et al., 2021; Sagét et al., 2020; Yorulmaz et al.,
2022).

High prevalence of 81% for MSK symptoms was indicated by Argus and Paasuke
(2021), with the most prevalent areas being neck (50%), upper (31%) and lower
back (45-50%). Increases on moderate to severe discomfort was also signalled by

Gerding et al. (2021), from 21.5% (pre-COVID) to over 40% during periods of
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guarantine, with the highest prevalence on upper back-shoulders (49.7%), neck
(46.8%) and lower back (42.8%). At Prieto-Gonzalez et al. (2021), 61.3% of
participants had spinal pain and discomfort with neck (74.8%) and lower back
(67.6%) being the most prevalent areas. From Matsugaki et al. (2021) it was
signalled that desk-based workers WFH had 49% prevalence of low back pain.
Yorulmaz et al. (2022) also signalled a small increase of 6.6% prevalence of MSK
symptoms in academics comparing findings from the office to the WFH
environment. Additional evidence from Radulovic et al. (2021) signalled increases
on LBP (39.1%), upper back/neck (45.7%) and hand pain (27.2%) in people WFH,
when compared to the office. Nevertheless, many of these studies were carried out
during the quarantine periods. Thus, this might have an effect increasing MSK
symptoms prevalence as individuals had less movement because they were

restricted to be at home.

It seems evident that MSK symptoms prevalence is frequent in desk-based
workers while WFH. Various factors might be contributing to MSK prevalence in
these population. In some studies, this prevalence was linked to SB. However,
literature from office settings has identified additional factors that might influence
MSK prevalence. These factors were explored in this study (sitting time, breaks from

sitting and ergonomic chair settings).

Occupational sitting time while WFH

UoE staff WFH sat for work for 89% of their working day (equivalent to 395.7
minutes, approximately 6.6 hours per day). These findings are comparable to
research in desk-based workers where it was signalled that desk-based workers sat
68% to 82% of their entire working day (Clemes et al., 2014; Hadgraft et al., 2016;
Parry & Straker, 2013b; Ryan et al., 2011; van Dommelen et al., 2016).

Systematic review evidence (Rathonyi et al., 2021) signalled that workers

reported higher occupational sitting time (18 of 24 studies) while WFH during the
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COVID-19 pandemic, when compared to the office. Further primary research during
confinement also suggested that sitting time for desk-based workers while WFH
was longer when compared to the office (Aegerter et al., 2021; Fukushima et al.,
2021; Guler et al., 2021; Javad Koohsari et al., 2021). The longest increase of sitting
time while WFH was reported by Fukushima et al. (2021), where desk-based
workers WFH sat 1.85 hours longer than workers not WFH. Additionally, Javad
Koohsari et al. (2021) signalled that WFH for additional days a week was
significantly associated to higher occupational sitting (when compared to the

office).

It seems evident that desk-based workers have higher levels of occupational SB
while WFH, in comparison to the office environment. However, many studies
exploring WFH explored this outcome during the confinement periods which might
have affected this prevalence. Nevertheless, previous literature has linked

prolonged SB with many negative health outcomes, including MSDs.

Occupational sitting while WFH and MSK symptoms

This study found that UoE staff with the longest sitting time (over 8 hours) had
a high prevalence of MSK symptoms. However, the prevalence of MSK symptoms in
groups of staff sitting for less than 8 hours was unaffected. Contrary to this, review
findings from Ardahan and Simsek (2016) indicated that prolonged sedentary time
with computer use for over 4 hours was a risk factor for MSK symptoms incidence.
Systematic review evidence from Dzakpasu et al. (2021) signposted that
occupational sitting time with computer use for over 4 hours a day was associated

with an increase of neck and shoulder MSK symptoms.

Further cross-sectional research (Prieto-Gonzalez et al., 2021) also suggested
that desk-based workers sitting for most of their day reported back and neck pain.
However, the authors did not mention the length that these workers sat per day.

This evidence strongly suggests that occupational sitting is a risk factor for MSK
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symptoms prevalence especially in the spine. Prolonged SB has various adverse
health consequences (e.g., cardio-metabolic, cognitive, mental, musculoskeletal
(Boscolo & Zhu, 2017; Dockrell et al., 2015; Ingram & Symmons, 2018; Jun et al.,
2017; Saunders et al., 2020). Considering this, it is necessary to understand the
underlying factors for this behaviour. However, the current study did not explore
influencing factors for occupational sitting time. Therefore, further research is still

needed to explore these factors in desk-based workers WFH.

Breaks from sitting

A study aim was to explore differences between groups for number and
duration of breaks from sitting in relation to MSK symptoms. UoE staff reported
having 1.3 breaks from sitting per hour of work, and their duration was
approximately 5.38 minutes. Most participants took at least one break per hour
(68.4%). Evidence for the duration of breaks while WFH is very limited in current
literature, and to the author’s knowledge there is only one study presenting this
information. The only study reporting breaks duration is Gerding et al. (2021),
where participants reported taking a walking break of more than five minutes one
to four times a day. Nevertheless, the author provided no further data about breaks
duration. Therefore, a direct comparison of breaks duration cannot be made with

the results of the current study.

Further literature exploring number of breaks from sitting while WFH showed
similarities to this study findings. Although various authors Aegerter et al. (2021)
reported participants’ breaks from sitting while WFH, the reporting of the outcomes
were rather mixed. Guler et al. (2021) indicated that less than half of participants
(34.5%) took one break every hour. Whereas more than half of the participants took
one break every 2 to 4 hours. Comparably Gerding et al. (2021) study reported that
the majority of university employees (71%) spent more than one hour without
taking a break. From current literature, only Aegerter et al. (2021) reported number

of breaks, where participants indicated taking 2.5 breaks per day. These results are
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rather different from these study findings where participants took 1.3 breaks per

hour.

Current evidence appears to point out how a large number of desk-based
workers WFH do not take breaks from sitting every hour while WFH. It is not
possible to confirm why UoE staff reported taking more breaks when WFH than
other individuals in current studies. A possible reason for this could be that staff had
access to an online health and safety training (Cardinus — Online health and safety
training) released by the Health and Safety department from the UoE. This training
program contained information about healthy work at home (e.g., wellbeing,
setting up ergonomic workstations), which could have been useful to create
awareness for UokE staff while WFH. However, only 55% of participants reported
taking this online training. Further examination of this topic would be useful to

understand these findings.

Another finding from the study was that the prevalence of MSK symptoms was
not different in the groups of breaks from sitting. Results indicated no significant
differences between groups of participants who did and did not take breaks from
sitting. The prevalence of MSK symptoms did not differ in groups taking breaks
versus the groups who did not take breaks from sitting. Current literature of breaks
from sitting and MSK symptoms in desk-based workers indicated mixed findings
(Aegerter et al., 2021; Celik et al., 2018; Gerding et al., 2021; Guler et al., 2021;
Nunes et al., 2021). Nunes et al. (2021) signalled that not interrupting sitting for 2-3
hours were significant risk factors for neck pain development in desk-based
workers. Celik et al. (2018) found that desk-based workers taking less breaks at
work had a higher incidence on neck pain. However, authors did not indicate how
many breaks per hour these participants took. Aegerter et al. (2021) indicated that
neck pain disability was reduced by having more breaks from sitting per day (2.4
breaks per day), but that number of breaks did not reduce significantly neck pain

intensity. Comparably to this study findings, Gerding et al. (2021) and Guler et al.
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(2021) also found no association between breaks from sitting and MSK symptoms

prevalence.

It may be inferred from current literature that breaks from sitting have mixed
effects on the prevalence of MSK symptoms. It seems apparent that not taking
breaks often increases the risk of MSK symptoms. However, there is no agreement
from current literature about this outcome. A possible explanation for this can be
due to the problem that breaks from sitting research is still considered a novel
research field. The limited standardisation regarding assessment of breaks from
sitting creates challenges for current research to explore this outcome in the same

manner.

Another factor influencing this study results may be accredited to the
measurement tools. Existing literature (including this study) have used solely self-
reported tools to measure breaks from sitting, which are subject to recall bias.
While the Sudholz et al. (2018) tool has showed to measure breaks from sitting
adequately having fair construct validity and good test-retest reliability, the device
assessed measurement would be useful to complement self-reported
measurement. Moreover, it would be valuable to collect specific data about the
number and duration of breaks in desk-based workers, specially while WFH. Other
unexplored influencing factors may have also influenced the prevalence of MSK
symptoms. Study 1 (chapter 2) indicated that the most effective type of break to
reduce MSK symptoms in desk-based workers was breaks from sitting combined
with stretching. However, breaks type in desk-based workers WFH were not

investigated in this study.

Further experimental research is necessary to understand what types of breaks
from sitting desk-based workers can carry out while WFH. Research exploring if
breaks from sitting are sufficient to counteract health issues associated with

prolonged sedentary time, such as MSK symptoms prevalence, is still necessary.
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Ergonomic settings

Additional factors that could have had an impact on the high prevalence of MSK
symptoms in university staff, could be attributed to the workstations used while
WEFH. In relation to workstation type, this study found some similarities to other
two studies of university staff during the COVID-19 pandemic (Davis et al., 2020;
Gerding et al., 2021).

The majority of UoE staff used a laptop device (84%) either alone or combined
with an external monitor. In the Gerding et al. (2021) study it was indicated that a
large percentage (70%) of desk-based workers used only a laptop device. Davis et al.
(2020) reported that less than half (39%) of workers used both laptop and external
monitor. However, other participants also used a laptop on its own as a working

device (but without a second monitor).

Considering these findings, it can be said that a large number of participants
WEFH use a laptop device. There is good evidence to suggest that the use of laptops
are a risk factor for developing MSDs in desk-based workers (Heidari et al., 2019; Yu
et al., 2018). Laptops provide challenges that prevent this device type to be adapted
ergonomically. Laptop use has also been associated with an increase on neck and
elbow flexion, as well as shoulder elevation (Heidari et al., 2019; Yu et al., 2018).
Likewise, computer use of over 4 hours in general has also been identified as a risk
factor of MSK symptoms development in desk-based workers (Ardahan & Simsek,
2016). A combination of both laptop use, and prolonged sedentary time might have
contributed to MSK symptoms prevalence in UoE staff. However, as most staff did
not use laptop devices solely (56.3% used laptops with an external monitor), this

study did not explore the use of laptop in relation to MSK symptoms.

Other ergonomic factors such as chair settings (e.g., lumbar support, armrests)

are signalled to be contributors to MSK symptoms development. This study
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explored chair settings using the ROSA score (Sonne et al., 2012). In this study, no
group differences on MSK symptoms prevalence were found in participants from
either ‘low risk group’ or the ‘high risk group’. Thus, indicating that the MSK
symptoms prevalence did not differ between groups of chair settings while WFH. A
study from Rodrigues et al. (2017) employing the ROSA scale, signalled that
individuals with higher ROSA scores had a higher prevalence of MSK symptoms.
Additionally, these workers had also higher scores in the chair section from ROSA.
This in contrast to these study findings, where ROSA groups (regardless their score)

had no effect on MSK prevalence.

Additional literature contradicted also the results from this study. Prieto-
Gonzdlez et al. (2021) and Gerding et al. (2021) signalled that inadequate ergonomic
settings (e.g., not following ergonomic guidelines) increased pain and discomfort in
desk-based workers. Galof and Suc (2021) found a significant correlation with
adjustable chair settings and back pain. Yorulmaz et al. (2022) indicated that
individuals without an ergonomic chair had higher levels of MSK symptoms. Lastly,
Radulovic¢ et al. (2021) signalled strong correlations between not having an

ergonomic chair at home with LBP, upper/neck and hand pain.

It is important to point out that although ROSA tool is a reliable method to
assess ergonomic risk factors, this study only explored ROSA chair settings excluding
other categories from the assessment (monitor, keyboard, peripherals). This score
was adapted from the scoring guidance, which might have affected the results of
this study. Therefore, the ergonomic assessment of chair settings in this study might

have been inadequate to assess fully ergonomic risks in staff.

Strengths and limitations

To the author’s knowledge this is the first study exploring occupational sitting,
breaks from sitting, ergonomic chair settings and MSK symptoms in desk-based

workers while WFH. This study contributes to expand knowledge of these
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outcomes. In addition, this is the first study that explores differences between
groups of sitting, breaks from sitting (number and duration) and ergonomic chair

settings all in relation to MSK symptom:s.

One of this study strengths is the use of tools with acceptable reliability and
validity to assess dependent and independent variables. The adequacy and
consistency of tools selected to measure the outcomes of interest of this study
were key to understand fully SB at home. The study used a specific tool to measure
breaks from sitting (Sudholz et al., 2018) whereas similar literature measuring
breaks from sitting did not use specific tools to measure breaks from sitting (e.g.
use of open answer questionnaire) (Aegerter et al., 2021; Celik et al., 2018; Gerding
et al., 2021). The OSPAQ (Chau et al., 2012) has been showed to have good test-
retest intra-class reliability in office settings. Additionally, the OSPAQ has showed
fair levels of validity for sitting and standing in desk-based workers WFH (Dillon et

al., 2021).

Study limitations are also present in this study. The exploration of ergonomic
settings while WFH provided insightful information from University of Edinburgh
staff workstations. However, the adapted version of the ROSA tool did not provide
full information of other important ergonomic risk factors (monitor position,
telephone, mouse and keyboard). It has been indicated that ROSA scores are useful
to identify ergonomic risk factors and its relation to bodily discomfort in desk-based
workers (Sonne et al., 2012). Further comprehensive research assessing ergonomic

settings and their impact on MSK symptoms while WFH is still needed.

Another limitation of the study is not exploring other influencing factors to MSK
symptoms development. Current literature has indicated that desk-based workers
WFH not engaging in PA during lockdown had a higher prevalence in bodily pain and
discomfort (Argus & P&dasuke, 2021; Prieto-Gonzélez et al., 2021). Also, evidence

from Rodriguez-Nogueira et al. (2020) found that desk-based staff who increased
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their PA during the confinement periods showed MSK symptoms reduction. This
factor was unaccounted in this study. Other contributing factors to MSK pain and
discomfort should be explored to gain understanding about what are the most

relevant contributors.

The sample could have been more representative as most of the respondents
were female (73%) and from white ethnicity (93%). For example, research staff from
UoE has accounted for a 50/50 gender split and less than half (54%) are
international staff (The University of Edinburgh, 2021b). Nevertheless, no data were
found for professional services, which were the largest group of participants in this
study (73%). It is also acknowledged that the total number of participants from this
study might not be representative of the total amount of workers from the UoE
(total 13,000) (The University of Edinburgh, 2021a). Research involving a larger and

diverse sample of participants would be of interest to generalise study findings.

Another limitation is the cross-sectional nature of the study, which does not
allow to fully infer the causality of MSK symptoms. Experimental research is
necessary still to understand the relation of prolonged sedentary time and MSK

symptoms at the home environment.

Lastly, the combination of various self-reported tools (e.g., OSPAQ, WSQ,
Sudholz) might have influenced the results of the survey as some of the
participants’ responses might have been influenced by previous questions due to
the social desirability effect (e.g., people reporting sitting for 80% of their day might

have also thought they needed to report a higher or lower number of breaks).

Implication for research and practice

Although this study employed validated self-reported tools for data collection,
the use of device assessed tools would be useful to complement these findings.

Further research including device assessed methods is needed. Likewise, exploring
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other outcomes such as the nature and type of breaks would be useful to
understand other desk-based workers behaviours while WFH (including workers
engaging in hybrid working). The inclusion of PA outcomes may be useful as well to
explore its effects on MSK symptoms while WFH. As current literature has indicated,
desk-based workers WFH, not carrying out PA during lockdown, showed higher
prevalence in bodily pain and discomfort (Argus & Paasuke, 2021; Prieto-Gonzalez
et al., 2021). Therefore, assessing other influencing factors would be useful to

understand the high prevalence of MSK symptoms in desk-based workers WFH.

The exploration of breaks from sitting is still needed to advance the
understanding of their role to decrease SB at the home environment. Within this
topic, the standardisation of breaks measurement is still needed to increase
consistency and reliability. In addition, understanding the optimal break frequency

and duration would be key to both reduce SB and MSK symptoms while WFH.

Given that incorrect ergonomic settings are a risk factor for MSK symptoms
development (Gonzalez-Menéndez et al., 2019; Honan, 2015) a thorough evaluation
of these settings is needed in desk-based workers WFH. In addition, individualised
ergonomic recommendations are necessary to decrease risk factors in the home
working environment. Lastly, further research should focus on targeting sitting time

reduction in desk-based workers WFH, especially in workers with MSK symptomes.

Conclusion
The COVID-19 pandemic accelerated changes in the work landscape. This study
focused on expanding knowledge of occupational SB and MSK symptoms in a novel
work setting. Main study findings are that UoE staff had high levels of occupational
sitting time while WFH. High prevalence of MSK symptoms in staff WFH was also
found in these workers. In addition, the highest prevalence of MSK symptoms was
found in the group of participants with the highest sitting time (over 8 hours). On

the other hand, no group differences for number and duration of breaks from
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sitting, and chair settings were found in relation to MSK symptoms prevalence,
signalling that these outcomes were not significantly different between groups. Still,
a large percentage of participants took more than one break from sitting per hour

while WFH.

Further research is necessary to complement these findings. Particularly,
research focusing on exploring additional influencing factors (e.g., PA) relevant to
MSK symptoms development is needed. To decrease ergonomic risk factors,
comprehensive evaluations of workstations at home are necessary. Additionally,
personalised recommendations to adapt ergonomically adequate workstations
while WFH are needed. Finally, interventions aiming to reduce occupational sitting
in desk-based workers WFH, or engaging in hybrid working, are necessary. This
would help to attenuate the negative health consequences of prolonged SB, and the

prevalence of MSK symptoms while WFH.

Chapter summary
This chapter provided novel evidence in relation to the home environment in
desk-based workers. This chapter also presented relevant evidence regarding MSK
symptoms prevalence, occupational sitting time, breaks from sitting and ergonomic
chair settings all while WFH. From the findings of this study, it was evident that
desk-based UoE staff sat for a long time during their working days. Moreover,
prolonged sedentary time was linked to MSK symptoms prevalence in groups of

workers that sat for longer periods.

Considering these findings, it is important to understand the factors influencing
SB and breaks from sitting in the home environment in UoE staff with MSK
symptoms. Understanding such factors will allows us to support these workers to
reduce their sitting while WFH. The next chapter focuses on exploring the factors

influencing SB in UoE staff with MSK symptoms while WFH.
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Chapter 4. Factors influencing SB in University of
Edinburgh desk-based staff with musculoskeletal
symptoms working from home

This chapter contains the third and final study of this PhD. This chapter
considers the findings from study 2 (chapter 3) and aims to explore factors
influencing SB in desk-based workers WFH by using behaviour change theory.
Specifically, this study focused on University of Edinburgh staff experiencing MSK
symptoms while WFH.

Background

Prolonged SB and computer use are risk factors to develop MSK pain and
discomfort in desk-based workers (Dockrell et al., 2015; Jun et al., 2017). Primary
research evidence suggests that desk-based workers with pain and discomfort have
higher occupational SB than workers with no MSK symptoms (Bontrup et al., 2019;
Zemp et al., 2016). WFH has gained popularity in the past years with desk-based
workers carrying out remote work without stepping into an office (Bloom et al.,
2015; Hassan et al., 2013; Messenger, 2017). Also, the accelerated growth of

portable technologies has made remote work more frequent (Hassan et al., 2013).

In the UK, the COVID-19 pandemic accelerated the shift from working at an
office to working remotely (Watson, 2020, March 24). After the COVID-19
pandemic, many workers expressed their desire to continue working at home or
engaging in hybrid work (Nagel, 2020; Office for National Statistics, 2022). Pre-
COVID-19 research has indicated increases of SB (20.5 minutes per day) in desk-
based workers at the home environment when compared to the office (Olsen et al.,
2018a). Also, when these workers were at the office, their SB was reduced by 56

minutes per day (Olsen et al., 2018a).
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Increases of SB were also signalled during the COVID-19 lockdown period,
ranging from additional 2.2 to 3.3 hours of sitting time per day (Safiudo et al., 2020;
Zheng et al., 2020). Findings from study 2 (chapter 3) indicated that desk-based
workers from the UoE had high levels of SB and reported sitting for most of their

working day (89%).

In view of occupational SB being higher in desk-based workers while WFH, it is
likely that this population shows an increase of MSK symptoms. Adults staying at
home (either for work or study) during the COVID-19 pandemic showed MSK
prevalence on neck (30.3%) and low back (43.8%) (Moretti et al., 2020; Sagat et al.,
2020). Increases in MSK symptoms prevalence were also found in individuals WFH,
when compared to the office (Radulovi¢ et al., 2021; Yorulmaz et al., 2022). Findings
from study 2 (chapter 3) also indicated a high prevalence of MSK symptoms (93%) in
staff WFH, with the most prevalent areas being neck (65.4%), lower back (64.8%),
and right shoulder (48.5%).

A main finding from study 2 (chapter 3) was that groups of workers with longer
occupational sitting (over 8 hours per day) had significantly higher prevalence of
MSK symptoms. Desk-based workers with acute back pain and chronic low back
pain appear to remain sedentary for longer periods than workers without back pain
symptoms (Bontrup et al., 2019; Zemp et al., 2016). Additionally, symptomatic
workers seem to have reduced movement during working hours, and did not break
up their sitting frequently, in comparison to their asymptomatic co-workers

(Bontrup et al., 2019).

To summarise, evidence from these studies indicates that desk-based workers
have high levels of occupational SB while WFH. Correspondingly, these increases in
SB appear to be related with a higher MSK symptoms prevalence. It is important for

this population to reduce their SB, specially while WFH.
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Breaking up sitting has shown benefits to reduce pain and discomfort at the
workplace. Systematic review evidence indicates that breaking up sitting is helpful
to reduce spinal pain and discomfort in the workplace (Agarwal et al., 2018;
Waongenngarm et al., 2018). Study 1 (chapter 2) findings indicated that breaks
from sitting, combined with stretching, were effective to reduce pain and
discomfort in medium to long-term (2 weeks — 3 months) in neck, upper and lower
back. However, this evidence came solely from individuals with no pre-existing MSK
symptoms, and typically working in office settings. Therefore, these effects might

differ in desk-based workers WFH.

In summary, it seems that desk-based workers with MSK symptoms are likely to
be more sedentary and have less breaks from sitting than workers with no MSK
symptoms. Hence, indicating that pain and discomfort might influence occupational
SB behaviour in desk-based workers. It is still necessary to understand what factors
influence SB at home. This is necessary to support desk-based workers with MSK

symptoms to reduce their SB while WFH.

Interventions targeting sedentary time reduction in
desk-based workers
The upsurge of people WFH has led to an increase in occupational SB, and a
subsequent increase in MSK symptoms (Moretti et al., 2020; Sagat et al., 2020).
Considering this, it is important to target SB reduction in desk-based workers with
MSK symptoms WFH and identify what factors influence their SB while WFH.
Research directed at sedentary time reduction while WFH is limited. In the dearth
of research focusing on reducing SB whilst WFH, it is useful to consider evidence

from interventions aiming to reduce sitting time reduction in office settings.
Systematic review evidence provided information of various types of

interventions that have been employed to target SB reduction in desk-based

workers (Chu et al., 2016; Peachey et al., 2020). Evidence from Chu et al. (2016)

140



signalled the most effective interventions to reduce SB were educational and
behavioural (e.g., counselling), environmental changes (e.g., sit-stand), and multi-
component interventions (e.g., sit-stand and goal setting). Statistically significant
pooled intervention effects showed a reduction in sitting of 39.6 minutes per 8
hours workday in the intervention groups. The highest sitting reduction was
observed in studies using multicomponent interventions, specifically the use of sit-
stand workstations combined with behavioural and educational changes. This
showed a reduction of 88.8 minutes per 8-hour workday in multi-component
interventions. Environmental changes, and educational/behavioural interventions

also reduced sitting per 8-hour workday (72.8 minutes, 15.5 minutes, respectively).

Peachey et al. (2020) suggested that multicomponent interventions (e.g., use of
prompts with self-monitoring behaviour) reduced sitting for 35 minutes per day.
Behavioural interventions reduced sitting by 24 minutes per day (Peachey et al.,
2020). Still, this evidence come from low-quality studies and only from self-reported

studies, which are subject to social desirability and recall bias.

As this evidence was taken from the office environment, adaptations need to
take place to deliver these strategies in desk-based workers WFH. A recent rapid
review from Morton et al. (2022) identified the most effective intervention
strategies to reduce SB in the office, and to appraise their transferability to the
home environment. Findings signalled educational materials, use of role models,
incentives, and regular prompts as the most easily transferable strategies, with the
most potential to reduce SB at home. Still, these interventions are yet to be
explored at the home environment. Moreover, there is still the need to fully
understand what factors influence SB at the home environment, with current

evidence limited to the office environment.
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Behaviour change theories have been used to identify relevant factors for
sedentary workers to reduce their SB. The following section focuses on these

theories.

The Behavioural Change Wheel
The Behaviour Change Wheel (BCW) provides guidance to design and
implement behaviour change interventions. The BCW components are useful to
inform and tailor interventions that will target the identified behaviours to achieve
behaviour change (Michie et al., 2014). The BCW was developed from considering
nineteen different behaviour change intervention frameworks (Michie et al., 2011).

Figure 9 illustrates the BCW layers and its components.

Figure 9

The Behaviour Change Wheel components

- Sources of behaviour
- Intervention functions

Policy categories

Training
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Note: Reprinted from “The behaviour change wheel: A new method for characterising and designing behaviour
change interventions. Implementation Sci 6, 42” by Michie et al. (2011). Open Access under the terms of the
Creative Commons Attribution International License (http.//creativecommons.orq/licenses/by/2.0/).
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To achieve behaviour change, an interaction of the BCW components is
necessary. The BCW inner layer or ‘sources of behaviour’ forms the COM-B model.
The COM-B model is a key element to carry out a behavioural diagnosis in
individuals. This model comprises three main constructs (Capability, Opportunity
and Motivation) that are responsible for individuals’ behaviours. The next section

expands thoroughly on this model.

The next layer, ‘intervention functions’ is made up of nine components.
Intervention functions are comprehensive categories useful to understand what
intervention type may be more useful to achieve behaviour change. Intervention
functions categories can be used either solely (e.g., intervention based in education)
or combined (e.g., intervention based in education and modelling). After identifying
and understanding the underlying factors for these behaviours, these are mapped
to the intervention functions. This action helps to select what would be the most
appropriate intervention approach to achieve behaviour change (based on the

identified behaviours).

Lastly, the outer layer, ‘policy categories’, identifies seven types of policies that
are used to support the intervention functions. These policies embody the decisions
from authorities or organisations (e.g., government, guidelines) to help support the
intervention delivery (e.g., the dissemination of guidelines to achieve sitting time
reduction). The next step is to identify the behaviour change techniques (BCTs)
which are active components of behaviour change interventions. The BCTs are used

to deliver the intervention functions.

To design and implement an intervention, the BCW provides an intervention
design process consisting in three stages, and eight steps within the stages. Figure
10 illustrates the intervention design process stages and the steps within each

stage.

143



Figure 10

Behaviour change intervention design process. Based on Michie et al. (2014).

Stage 1. Understand the behaviour

1. Define the problem in
behavioural terms

2. Select the target
behaviour

3. Specify the target
behaviour

4. Identify what needs to
change

Stage 2. Identify intervention options

Identify:

5. Intervention functions

6. Policy categories

Identify:

7. Behaviour Change
Techniques (BCTs)

8. Mode of delivery

The first stage is set to understand the behaviour we want to target to achieve

behaviour change. The second stage identifies the intervention functions (to select

the intervention type) and policy categories (select the best form for organisations

to deliver the intervention). Lastly, the third stage identifies what is the intervention

content (BCTs) and what is the intervention delivery mode (select the best for

intervention to be delivered to the target population).

To summarise this section, using the BCW components systematically is
essential to target specific behaviours that require behaviour change as well as
intervention design and implementation. The COM-B model and the Theoretical
Domains Framework are two separate models that are useful to carry out a
behavioural diagnosis (COM-B) and to identify what is necessary for behaviour to

change (TDFs). These two models are described in detail in the next sections.
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The COM-B model

The COM-B model of behaviour intends to explain what behavioural factors may
affect individuals’ behaviour change. This behavioural (B) model consists of three
constructs: Capability (C), Opportunity (O), and Motivation (M) (Michie et al., 2014).
‘Capability’ refers to behaviours that the individual is able of performing, and it can
be physical (e.g., ability to stand up or move around) and psychological (e.g., health
knowledge or health beliefs about SB). The ‘Opportunity’ construct relates to the
behaviour execution. Moreover, this opportunity can be physical (e.g., workplace
settings or work environment) or social (e.g., workplace pressure to be sitting at a
desk). Finally, the last construct, ‘Motivation’ is associated with either reflective
(e.g., deciding to take a break from sitting) or automatic (e.g., taking a break as a

habit) behaviours influencing the individuals’ motivation to perform a behaviour.

To understand an individual’s behaviours, and how this can change, it is
necessary to reflect on the interaction of the COM-B model constructs. This
interaction is based on the principle that for a behaviour to happen, an individual
must have the physical and psychological capability to carry out the behaviour (e.g.,
physically able to take breaks, have sufficient knowledge to carry out the
behaviour). Likewise, the individual must have the physical and social opportunity
for the behaviour to happen in any environment (e.g., physical space to take breaks
at home, feel supported by peers to take breaks). Finally, individuals must be
strongly motivated to carry out the behaviour, either automatically or reflectively
(e.g., being prompted to take a break, have the habit of taking breaks). Therefore,
to achieve behaviour change, one or more of the COM-B constructs needs to be

targeted.
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The Theoretical Domains Framework (TDF)

The Theoretical Domains Framework (TDF) is an additional framework often
used in combination to the BCW (Cane, O'Connor, & Michie, 2012) to support
implementation. Figure 11 displays the TDF domains and how they are mapped to

each COM-B model construct.

Figure 11

Theoretical Domains Framework (TDFs) mapped to COM-B model constructs.

. Sources of behaviour

- TDF Domains

Soc - Social influences

Env - Environmental Context and Resources
Id - Social/Professional Role and Identity
Bel Cap - Beliefs about Capabilities

Opt - Optimism

Int - Intentions

Goals - Goals

Bel Cons - Beliefs about Consequences
Reinf - Reinforcement

Em - Emotion

Know - Knowledge

Cog - Cognitive and interpersonal skills
Mem - Memory, Attention and Decision Processes
Beh Reg - Behavioural Regulation

Phys - Physical skills

Note: Reprinted from “A guide to using the Theoretical Domains Framework of behaviour change to investigate
implementation problems. Implementation Sci 12, 77” by Atkins et al. (2017). Open Access under the terms of
the Creative Commons Attribution 4.0 International License (http://creativecommons.orq/licenses/by/4.0/).

The TDF was developed from 128 theoretical constructs from 33 theories
(Atkins et al., 2017). Furthermore, TDF is an “integrative theoretical framework” and
was created to inform the behavioural diagnosis and intervention development in
health professionals (Atkins et al., 2017; Michie et al., 2014). The TDF has 14
domains related to both barriers and facilitators that are necessary for behaviour
change. All the TDF domains relate to the COM-B constructs (portrayed in figure
11). The TDF 14 domains are: knowledge; skills; memory; attention and decision
processes; behavioural regulation (associated to Capability); social/professional role

and identity; beliefs about capabilities; optimism; beliefs about consequences;
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intentions; goals; reinforcement; emotion (associated to Motivation);

environmental context and resources; social influences (associated to Opportunity).

Interventions using the COM-B model and TDF

Systematic review evidence has identified literature using the BCW
components to achieve SB reduction in adults (Gardner, Smith, Lorencatto, Hamer,
& Biddle, 2016). This evidence (based on 26 studies) identified strategies to reduce
SB in adults and classified them using the BCW ‘intervention functions’ (Gardner et
al., 2016). From the included studies, four intervention functions were identified as
relevant (educational, environmental restructuring, persuasion and training) for SB
reduction. Moreover, amongst these intervention functions two were indicated to
be the most promising to reduce sitting time. These functions were educational
(e.g., increasing health knowledge) and environmental restructuring (e.g., changing
workstations). Although these findings are useful, the population occupation was
varied and only 54% of the studies had desk-based workers as their population of
interest. Thus, targeted behaviours might be different considering the total sample
were not solely desk-based workers. Also, the quality of evidence was pointed out
as low for the several of the included studies. Therefore, results are taken

cautiously.

Primary research evidence has also focused on the reduction of occupational SB
in desk-based workers using the BCW components for intervention design (Munir et

al., 2018; Ojo, Bailey, Brierley, Hewson, & Chater, 2019a, 2019b).

Two studies from the same research group (Ojo et al., 2019a, 2019b) identified
relevant COM-B and TDF components that are necessary for SB reduction (Ojo et
al., 2019a, 2019b). Authors used identified semi-structured interviews (based on the
COM-B and TDF) and identified seven main themes amongst these workers. These
themes were ‘knowledge-deficit sitting (psychological capability; knowledge)’,

‘willingness to change (reflective motivation; belief about capabilities, belief about
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consequences, intentions)’, ‘tied to the desk (physical opportunity; environmental
context and resources)’, ‘organisational support and interpersonal influences (social
opportunity; social influences)’, ‘competing motivations (automatic motivation;
reinforcement, social/professional role and identity)’, ‘emotional influences
(automatic motivation; emotion, reinforcement)’, and ‘inadequate cognitive
resources for action (psychological capability; memory, attention and decision
processes, behavioural regulation). From the findings, it was evident that to achieve
behaviour change associated to SB, an interaction of factors related to the COM-B
components is necessary. Still, findings from both studies have not been used to

carry out an intervention. Therefore, the effectiveness is yet to be determined.

On the other hand, findings from the Munir et al. (2018) study were used to
develop an intervention to reduce SB in desk-based workers. The Stand More At
Work (SMArT) study employed the BCW to develop an intervention to reduce sitting
in desk-based workers from health services working at hospital facilities (NHS,
United Kingdom). Considering both COM-B and TDF components, authors identified
and targeted the most relevant influences on behaviour to reduce occupational SB.
Authors employed focus groups to collect data on these outcomes. The most
relevant COM-B constructs and TDF domains were identified as self-regulation of
behaviour, knowledge (psychological capability), social — professional identity,
intentions, belief about capabilities (reflective motivation). Following this
preliminary work, a tailored intervention based on these findings was delivered at a
workplace and tested using a cluster randomised controlled trial (RCT) (Edwardson
et al., 2018). The main intervention consisted of providing organisational (e.g.,
management encouragement), environmental (e.g., adjustable desks), individual
(e.g., goal-setting plan) and group strategies (e.g., health seminar) for 12 months.
Results from this RCT signalled important and statistically significant changes in SB
at short, medium and long-term (3, 6 and 12 months respectively) in the

intervention group, compared to the control group.
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Additional primary research from Niven et al. (2022), provided evidence of the
factors influencing SB in UoE staff WFH. Both quantitative and qualitative data were
reported in this study. Combined findings indicated high levels of capability
(physical 8.7 SD 1.9, psychological 6.9 SD 2.5), and knowledge (7.0 SD 2.5) in
participants. On the other hand, opportunity (physical 5. SD 3.1, social 5.16 SD 3.1)
and motivation (reflective 6.4 SD 2.6, automatic 3.17 SD 2.8) had lower levels.
Related to the opportunity construct, participants identified influential factors such
as the lack of space to reduce SB at home (physical opportunity) and feel been
watched/monitored by others to be at their desk (social opportunity). In relation to
motivation, participants mentioned feeling that reducing their SB at home would
affect their productivity (reflective motivation). Both findings suggest that lower
levels of opportunity and motivation are present at the home environment. In
addition, it seems that participants were not in the habit of breaking up their sitting
(automatic motivation) which might have translated in automatic motivation having
the lowest score from all the constructs. This study is key to understanding what
factors in relation to the COM-B model influence SB at the home environment.
However, it is important to note that people with MSK symptoms might be

influenced by other factors, such as pain and discomfort.

Collectively, these studies indicate that the COM-B and the TDFs are useful
models to understand the factors influencing SB in both office and home settings.
Moreover, evidence from all the studies indicate these factors are influenced by the

interacting components of the COM-B model.

Summary and knowledge gap
The upsurge of desk-based workers WFH due to COVID-19 influenced an
increase of SB and MSK symptoms prevalence in this population (Safudo et al.,
2020; Zheng et al., 2020). To reduce the health problems related to SB, including
MSDs, is necessary to target SB reduction to support these workers. This need is

reinforced by the evidence that desk-based workers with MSK symptoms engage in
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longer sedentary bouts than workers with no MSK symptoms (Bontrup et al., 2019;
Zemp et al., 2016). Hence, it is important to understand what factors are influencing
SB and breaks from sitting while WFH in this population. This exploration would be
useful to identify what changes are necessary for desk-based workers with MSK
symptoms to break up their SB in the home environment, and to inform future

interventions.

Evidence from literature employing the BCW, COM-B and TDF has indicated
that these models are useful to inform, design and implement interventions to
target the reduction of occupational SB at the workplace (Edwardson et al., 2018;
Gardner et al., 2016; Munir et al., 2018; Ojo et al., 2019a, 2019b). However, all
these findings are focused on behaviour change at the office, and not at the home

environment.

There is evidence from UokE staff suggesting that SB at home is influenced by
various factors, and these can be mapped to the COM-B constructs (Niven et al.,
2022). However, this evidence comes from people with no MSK symptoms. The
second study of this PhD (chapter 3) showed a high prevalence of both SB (89%) and
MSK symptoms (93%) in UoE staff WFH. These workers might be influenced by pain
and discomfort to not reduce their SB at home. Therefore, understanding the
factors motivating symptomatic staff to reduce their SB at home, is key to help

them reduce both SB and MSK symptoms prevalence while WFH.

Study aim
This study aimed to understand what factors influenced occupational SB and
breaks from sitting in desk-based workers with MSK symptoms while WFH by
undertaking a behavioural diagnosis using the COM-B model. In combination with
the TDF, both models were used to identify what needs to change to reduce SB in

desk-based workers with MSK symptoms while WFH.
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Methods
Ethics

A level 2 ethics application (following the British Psychological Society [BPS] and
the Internet Mediated Research [IMR] guidelines), was approved by the Moray
House of Education and Sports Ethics Committee in November 2021 (Appendix 2,
Reference: ECOR09092021). Data collection was carried out between November

2021 and January 2022.

Study design
The study design was a qualitative study, and employed semi-structured

interviews based on the COM-B model and the TDFs to collect the data.

Participants sampling and recruitment

Inclusion and exclusion criteria

Participants were desk-based University of Edinburgh staff working from home
(over 50% of their working week). This was planned with the intention of
understanding further WFH and hybrid work, and these workers could provide this
information as they worked at home half or most of their working week. Additional
criteria were working part-time or full-time, having a desk-based role, aged 18 to 65

years old, and having at least one MSK symptom.

The Cornell Musculoskeletal Discomfort Questionnaire (CMDQ) (Hedge et al.,
1999) was used to determine the participants’ number and severity of symptoms.
The items used to determine if participants had MSK symptoms were: 1.
Participants selecting having at least one MSK symptom and selecting frequency of
symptoms 1-2 times a week or more; 2. Participants selecting any discomfort score
(slightly, moderately, or very uncomfortable). 3. Participants selecting any work

interference due to MSK symptoms (not at all, slightly interfered, substantially
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interfered). Exclusion criteria were participants with no MSK symptoms, not

working at home for most of the week and not desk-based workers.

Sample size and information power

The ‘information power’ model for sample size consideration was used for this
study (Malterud et al., 2016). Table 17 illustrates the use of the five information
power factors considered to determine the sample size in this study. This model
suggests “the larger information power the sample holds, the number of needed
participants is lower, and vice versa” (p. 1754). In this model, five main factors are
influential to guide sample size selection in qualitative research: study aim, sample
specificity, use of established theory, quality of dialogue, analysis strategy. The
information power model is valuable to understand sample considerations for
qualitative research. Nevertheless, the model does not suggest a specific number of
participants to recruit, as the information provided by participants is more relevant

than a specific number of participants.

As suggested by the ‘information power’ model an initial appraisal was carried
out to determine the sample size for the study. This initial appraisal determined the
number of participants to be set at 20 interviews. After 15 interviews a second
appraisal was done, and it was determined that the sample was adequate to
conclude with the recruitment and data collection. Nevertheless, before this
appraisal, two participants had been scheduled to be interviewed for the study and
it was decided to move forward with both interviews, concluding the data collection

with 17 participants.
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Table 17

Sample size considerations considering the information power model (Malterud, Siersma, &

Guassora, 2016).

Factors

Information Power model

Current study considerations

1. Study aim (narrow
or broad)

2. Sample specificity
(dense or sparse)

3. Established theory
(applied or not)

4. Quality of dialogue
(strong or weak)

5. Analysis strategy
(case or cross-case)

“A broad study aim requires
a larger sample than a
narrow aim to offer
sufficient information
power, because the
phenomenon under study is
more comprehensive”.

“To offer sufficient
information power, a less
extensive sample is needed
with participants holding
characteristics that are
highly specific for the study
aim compared with a sample
containing participants of
sparse specificity”.

“A study supported by
limited theoretical
perspectives would usually
require a larger sample to
offer sufficient information
power than a study that
applies specific theories for
planning and analysis”.

“A study with strong and
clear communication
between researcher and
participants requires fewer
participants to offer
sufficient information power
than a study with ambiguous
or unfocused dialogues”.

“An exploratory cross-case
analysis requires more
participants to offer

Narrow aim. As the study
explored factors influencing
solely participants with MSK
symptoms working from
home.

Dense specificity. A less
extensive sample was needed
as participants hold highly
specific characteristics for the
study aim.

Applied established theory. An
established framework was
used in this study to formulate
the research question. The
COM-B model and the TDF
framework were used to draft
the interview schedule.

Strong. The lead researcher
had carried out qualitative
research in the past. Also had
experience interviewing
physiotherapy patients.

Framework analysis would
provide an in-depth analysis of
the participants. This by using
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sufficient information power a combined analysis approach

compared with a project based deductively from theory
heading for in-depth analysis (COM-B and TDFs), and
of narratives or discourse inductively from the

details from a few, selected information provided by
participants”. participants.

Procedure and instruments

Recruitment procedure

Considering guidance for qualitative research (Clarke & Braun, 2013), and the
study research question, purposive sampling was used to recruit participants.
Purposive sampling involves selecting participants on the assumption that they will
have certain characteristics or experience (Clarke & Braun, 2013, p. 56). Participants
were recruited using a flyer (Appendix 3) distributed through Moray House of
Education and Sport communications (staff bulletins and Twitter), relevant Twitter
channels, and flyers were posted in a physiotherapy clinic (FASIC) from the
University of Edinburgh. The flyer contained information about the study and

contact details for the main researcher.

In addition, invitation emails were sent to participants who provided their
email during the study 2 survey giving permission to be contacted for further
research. These invitation emails contained one participants information sheet
(Appendix 4) with all the information about inclusion and exclusion criteria, consent
form including permission to be recorded (Appendix 5), and a research flyer
(Appendix 3). Similarly, participants who contacted the main researcher after seeing
the research flyer, were sent an invitation email containing the same information as

the research invitation emails (information sheet, consent form and flyer).

Participants who agreed to take part in the study were asked to return their

signed consent form through email. The consent forms were uploaded to OneDrive
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in a password protected folder. Afterwards, an email containing a link to the
screening questionnaire (CMDQ) was sent to the possible participants. Data for MSK
symptoms data were collected using the Qualtrics platform
(https://www.qualtrics.com). Participants fulfilling the inclusion criteria were sent a
follow-up email informing them about their suitability for the study, and online

interviews were scheduled in the Microsoft Teams calendar.

Screening questionnaire

The CMDQ was used as a screening questionnaire and to assess self-reported
musculoskeletal discomfort in possible participants. The CMDQ was used as a
descriptive tool to determine the participants’ bodily pain or discomfort over the
last 7-days in various body areas (neck, shoulders, upper back, upper arm, lower
back, forearms, wrists, hip/buttocks, thigh, knees, and lower legs). The CMDQ
consists of three main questions asked in relation to each examined body area. One
question related to pain frequency (1. During the last work week how often did you
experience ache, pain, discomfort in? Five possible answers [Never, 1-2 times last
week, 3-4 times last week, once every day, several times every day]), one related to
pain intensity (2. If you experienced ache, pain, discomfort, how uncomfortable was
this? Three possible answers [Slightly, moderate, and very uncomfortable]), and one
related to interference to work due to pain/discomfort (3. If you experienced ache,
pain, discomfort, did this interfere with your ability to work? Three possible answers
[Not at all, slightly interfered and substantially interfered]). Scoring guidelines per
question (frequency score [0, 1.5, 3.5, 5, 10], discomfort score [1,2,3] and
interference score [1,2,3]) for the CMDQ were followed (Hedge et al., 1999).

Interview schedule

A semi-structured interview schedule (Appendix 6) was created for this study.
The interview schedule was based on the COM-B constructs (Capability,
Opportunity and Motivation) and TDF domains (knowledge; skills; memory;

attention and decision processes; behavioural regulation; social/professional role
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and identity; beliefs about capability; optimism; beliefs about consequences;
intentions; goals; reinforcement; emotion; environmental context and resources;
social influences). Table 18 illustrates examples from the interview schedule based

in both COM-B constructs and TDF domains and addressing the target behaviour.

The interview schedule was ‘field tested’ (Kallio et al., 2016) with two people
(one PhD student from the University of Edinburgh, and one office worker WFH but
not part of the University of Edinburgh). After pilot testing the interview schedule,
amendments were made to the interview schedule (e.g., changes in syntax and
order of questions), and the final interview schedule (Appendix 6) was used with

the participants of the study.

Online interviews were carried out through Microsoft Teams, and video
recorded through the same platform. Additionally, the ‘live’ transcription function,
available in Microsoft Teams, was activated to support the transcription process.
Descriptive data were collected during the online interviews (age, gender, type of
work, full-time/part-time contract, time working for the University of Edinburgh and
country of origin), to describe the participants. Additionally, data on occupational
sitting time, breaks from sitting, days working from home, and workstations settings
WFH were collected during the online interview. All data collected through the
interview (e.g., videos, notes from interviews) were uploaded to a One Drive

password protected folder.
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Table 18

COM-B constructs and TDF domains informing an interview schedule.

Target behaviour COM-B COM-B sub- TDF Examples for interview schedule
constructs constructs
Breaking up sitting Capability Physical Skills In relation to your pain and discomfort. Could you tell me to
time in desk-based what extent do you feel physically able to interrupt your sitting
workers with MSK time?
symptoms WFH Psychological Knowledge Are you aware of any expert advice on managing sitting time?
Memory, attention and What are the main differences that you have noticed between
decision processes sitting time at the office and sitting time while working from
home?
Behavioural regulation Do you have a system or strategy to monitor your sitting time
and breaks from sitting while working at home?
Opportunity Social Social influences Is there anybody in your household that influences your sitting
time and breaks from sitting while working from home?
Physical Environmental context and  What resources would make it easier for you to take more
resources regular breaks from sitting while working from home?
Motivation Automatic Reinforcement What would be an incentive for you to break up your sitting
while working from home?
Emotion How do you think your mood (e.g., feeling happy, stressed, low)
during the day influences your sitting?
Reflective Social/Professional role To what extent breaking up your sitting time would affect your

and identity

role?

Beliefs about capabilities

How confident do you feel to break up your sitting time while
you work from home?

Optimism

To what extent do you feel confident to continue breaking up
your sitting time while working at home?

Intentions/Goals

Do you anticipate increasing your breaks from sitting while
working from home?

Beliefs about
consequences

What effects do you think taking breaks from sitting time has
on your pain and discomfort?

Note: Adapted from Ojo et al. (2019b).
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Data analysis

Musculoskeletal symptoms (CMDQ)

The CMDQ scores (1-2 times a week, 3-4 times a week, once every day and
several times every day) from the first question (During the last work week how
often did you experience pain and discomfort?) were combined to find the most
prevalent MSK symptoms areas within participants of the study. All the CMDQ

guestions were reported into percentages and results were portrayed into graphs.

The Framework Method

The Framework method (Gale et al., 2013) was selected to analyse the
interview data. This method was selected because of its systematic approach while
analysing qualitative data. The framework method was useful to have a deeper
understanding of the data, and to compare and contrast the sub-themes between
participants by using the matrix rows and columns. The framework matrix
(Appendix 7) was key to reduce and summarise the data. Furthermore, the

framework was useful to be able to map the data to theory (COM-B and TDFs).

The framework method consists of seven stages. The first stage, transcription
of the interviews was a useful process to familiarise and immerse into the data. The
transcription process also provided an opportunity to discover initial codes, and to
note down observations within the data. Video-recorded interviews were uploaded
to Microsoft Stream to facilitate the transcription process. Microsoft Word was
used to transcribe the interviews using a Microsoft Teams transcription file and
amending transcription mistakes from the automatic transcription. Participants’
identity, places of work, and mention of family and name of colleagues were
anonymised to avoid data identification. All the transcribed interviews were

imported to NVivo software (QSR International Pty Ltd, 2018, NVivo Version 12).
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The second stage from the framework method is familiarisation with the
interview. The familiarisation of the interviews was done initially after each
interview. This step was useful to be familiarised with the data and to record
analytical notes and impressions by using the interview material. After transcribing
the interviews, the main researcher used the transcriptions to note down initial

codes in the transcription Word document.

The third stage was coding, and it was used to assign codes by interpreting the
interview data line by line. Considering this study is based in the COM-B model and
TDFs, pre-defined codes were set in advance using these models’ components.
Coding was carried out in NVivo by using the COM-B and TDFs domains to create a
list of codes containing both models’ concepts, and inductive codes were added to
the same list. Afterwards, codes were double-checked by the lead researcher and
inserted into an Excel spreadsheet to create the framework matrix (Appendix 7). A
matrix output (rows and columns), was used for the data analysis by arranging the

data by case and by code, thus facilitating data reduction systematically.

The fourth stage, developing an analytical framework, was created after coding
five interviews. Gale et al. (2013) suggest using just a few transcriptions to develop
the analytical framework. However, it was decided by the lead researcher to code
five transcripts to identify further codes appearing in the data, and to be able to
apply the analytical framework to the rest of the transcripts. The matrix portrayed
different categories grouped by the COM-B and TDFs model and included the

inductive themes arising from the data.

The fifth stage, applying the analytical framework, was done by using the
existing categories and codes to index the rest of the existing transcriptions.
Although Gale et al. suggests assigning several abbreviations to the codes, the full

name of the codes were used to facilitate coding the transcriptions. To ensure the
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thoroughness of the framework application, the transcriptions were indexed in both

NVivo and Excel by the lead researcher.

The sixth stage, charting data into the framework matrix, was used to
condense the data and chart the existing codes into the framework matrix in the
Excel spreadsheet. As suggested by Gale et al. (2013) a space to include pertinent
guotes referring to the codes was added to the framework matrix. The matrix

included a row per participant and a column per code.

The seventh and final stage was interpreting the data. The framework matrix
was used to identify the main themes related to the research question within the
coding. Afterwards, results were interpreted and reported in accordance with the

COM-B and TDFs.

Enhancing rigour

Smith and McGannon (2018) suggest various strategies to enhance rigour, and
the involvement of a ‘critical friend’ was key to ensure further insight in the analysis
process. Other strategies involving further insights from the participants were
considered to enhance the rigour of this research (e.g., ‘member reflections’).
However, it was decided that further input from the participants would be
inconvenient due to their workload. As Smith and McGannon (2018) suggest, the
role of the critical friend was used to “encourage reflection upon, and exploration
of multiple and alternative explanation and interpretations as these emerged in

relation to the data and writing” (p. 13).

Meetings with the critical friend involved meeting fortnightly. The use of a
critical friend provided unprejudiced advice (as the person was not involve in the
project) to the main researcher during the data analysis process. The critical friend
approach was particularly valuable during the transcriptions and coding stage.

Moreover, the views of another researcher concerning the data were key to achieve
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a broad insight by identifying codes found in the transcriptions and identifying
further codes within the data. Additionally, discussing the application of the
framework with the critical friend in the transcription stage was an essential. Due to
time constraints, solely the main researcher did data interpretation. However, a
previous discussion with the critical friend about the approach to be taken to
interpret the data was made in advance of this stage. This discussion reinforced the
main researcher’s idea to combining the COM-B and TDFs concepts to fully interpret

the data and create the final report sub-themes.

Results
Seventeen (n=17) desk-based staff from various University of Edinburgh

departments were interviewed in this study. The mean age of participants was 47.1
(SD 9.4) years, and most of the participants were female (n=14, 82%). Most of the
staff were working in professional services (n=12, 70%), and the other participants
(n=5, 30%) were in the academic area. The majority had a full-time equivalent
contract (n=15, 88%) and been working for the University of Edinburgh for a mean
of 4.6 (SD 4.0) years. The nationality of participants were varied (10 UK, 4 European,
and 3 Latin American). The mean occupational sitting time of participants was 7.7

(SD 1.5) hours per day, with mean of breaks 0.8 (SD 0.6) per hour.

Musculoskeletal pain and discomfort

Results from the screening questionnaire (CMDQ) indicated the most prevalent
areas of discomfort for the participants. The total prevalence indicated the most
prevalent areas were lower back (92.3%), neck (86.6%), hips and buttocks (71.4%)
right shoulder (71.4%) and right wrist (60.0%). Figure 12 illustrate the MSK
symptoms frequency per area and divided using CMDQ categories (Never, 1-2 times

per week, 3-4 times per week, several times every day).

For pain level of discomfort, pain level amongst participants seemed to be

slightly uncomfortable for most of the areas. From all the areas, pain in right
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shoulder was reported by 63.6% of participants as being moderate. Figure 13
illustrate the frequency of MSK discomfort per area and divided using CMDQ

categories (slightly, moderately, very uncomfortable).

Pain interference with work was mainly null for most of the participants. Yet,
many participants reported slight interference with work, and the highest
prevalence were in lower back (6 people) and hips and buttocks (5 people). Only
two areas were reported to substantially interfere with work, lower back (2 people),
and hips and buttocks (3 people). Figures 14 illustrate the MSK symptoms
interference with work per area divided using CMDQ categories (not at all, slightly

interfered, substantially interfered).

Figure 12

Pain frequency per week CMDQ scores prevalence presented by body area.
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Figure 13

Pain level of discomfort scores prevalence presented by area.
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Figure 14

Pain interference with work scores prevalence presented by area.
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COM-B

Results from the interviews were mapped to the COM-B and TDF domains.

Both deductive and inductive themes were embodied into the framework matrix to

carry out the data interpretation. Sub-themes are presented within each TDF

domain, and participants’ quotations are used to illustrate these sub-themes.

Capability
Figure 15 summarises the emergent sub-themes within the Capability
construct, micro-constructs and the linked TDFs. Additionally, barriers and

facilitators are signalled in the figure.

Figure 15

Emergent sub-themes within the Capability construct, and linked TDF domains.
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Note: Barriers (B) and facilitators (F) to break up sitting time are marked for each sub-theme.
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Physical capability. In relation to physical capability, there were two themes

identified which aligned with the TDF category ‘skills’.

TDF domain: Skills. The first sub-theme from this TDF domain, was labelled
as ‘capability to take breaks’ and it was defined as an ability to carry out an action
through practice. Within this theme, participants discussed their physical ability to
take breaks due to their pain and discomfort. Most of the participants considered
themselves physically able to break up their sitting while WFH regardless of their
pain and discomfort. However, a few participants felt that pain and discomfort, as
well as stiffness due to sitting discouraged them to take breaks from sitting. For

example, participant 5 mentioned:

“And I'll tell you another thing, because of the discomfort that | have, sometimes
| don't feel like moving. If that makes sense, but you know you're sitting, and
you're feeling... and then you say: No, | need to stand up and go somewhere, and
you say no, | can't be bothered. So it kind of fits onto it if you know what | mean.
The more discomfort that you have, the less you want to move. It makes you

lazy” (female, 54).

The theme ‘strategies to cope with pain’ was mentioned among various
participants. These participants mentioned having had to either purchase resources
(e.g., ergonomic keyboard or mouse) to help with the pain, having to adapt their
posture, or resource to medical help or medication to be able to continue working.

For example, participant 4 mentioned:

“(about episodes of pain) | do tend to fidget a lot, and | do tend to adjust my seat
quite a lot. And when it does get too bad, then as | said | kneel, and then you
know and then | kneel for maybe about an hour and then I'll go back and sit in
my seat. But then the pain starts again. It just sometimes it just gets too much,

especially if I'm really, really busy. Then | take painkillers” (female, 48)
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Psychological capability. Within the psychological capability construct,

relevant themes to the TDF domains of ‘knowledge’ and ‘behavioural regulation’

were identified.

TDF domain: Knowledge. The TDF ‘knowledge’ domain was defined as the
awareness or knowledge of a certain topic. Sub-themes relating to sedentary
behaviour and breaks from sitting were found within this domain. Firstly,
participants demonstrated a good understanding of prolonged sedentary time and
breaks from sitting. This understanding was related to ‘what prolonged sedentary
time and breaks from sitting are’, ‘general health consequences of prolonged
sedentary time’, ‘effects of prolonged sedentary time/breaks in pain’ and ‘expert
advice’. In relation to the first sub-theme, ‘what prolonged sedentary time is’, some
participants considered prolonged sedentary time as unhealthy but also necessary

to carry out their work. For example, participant 7 mentioned:

“Well, I know it's a bad thing. Let's start with it, you know. Uhm, but it's kind of
necessary if you're concentrating on something, it's quite hard to do you know, if

I'm updating documents or if I'm writing documents” (male, 54).

Included in this sub-theme, participants mentioned ‘what breaks from sitting
are’. Participants understanding of this sub-theme was that breaks were any type of
PA or to not remain static. For example, participant 5 said: “And it's really about
changing the position, | think it's what comes to mind, not being in the same
position constantly. But also just having physical activity must be good” (female,

54).
The second sub-theme ‘general health consequences of prolonged sedentary

time’ reflected participants understanding on how prolonged sedentary time was

harmful to their physical health. For example, participant 9 mentioned:
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“Uhm, | think I, it might be associated with uhm, suddenly negative effects. |
don't think there are any positive effects that can come from prolonged sitting. |
think uhm psychologically and maybe, maybe associated with laziness and from a
physical perspective | feel like | can imagine that it might cause problems with
circulation, and it probably doesn't do anything for general levels of health and
fitness if you're sitting for long periods of time, because your body doesn't have

to work very hard” (female, 30).

Finally, some participants mentioned to be aware that ‘prolonged sedentary
time had effects in their pain and discomfort’. Specifically, most of participants had
the notion that sitting for work was causing their pain and discomfort. For example,

participant 15 mentioned:

“I' think it, it's all down to how little we move from the desk, and when | say we
it's because | speak to my colleagues as is, it happens to them as well. Because of
the type of work we do, it, it requires a lot of concentration. So you start
something and just stay 3 hours locked on the screen doing it. So with the pain is
like you know it's, it's kind of a stiffness from being on the same posture or very

similar posture” (female, 54).

Within the sub-theme ‘knowledge on expert advice’, participants
understanding was limited to posture and ergonomic settings while WFH. For

example, participant 12 stated:

“I know there are guidelines in the University website, it's just quite difficult to
uhm, keep that posture going while trying to look at a screening and look down
at what I'm doing, and look at screening, look down at what I’'m doing. | had to
get too involved in the work and that that takes over... So, | know there is advice

out there, but | find it difficult to put into action” (female, 61).
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Within this sub-theme, other participants mentioned that their ‘knowledge of
expert advice’ was related to breaking up their sitting or to not remain static. For
example, participant 1 mentioned: “I should move every 30 minutes or so. Uhm,
then don't stay in the same position and try to, the next position is the better

position” (male, 32).

TDF domain: Behavioural regulation. Behavioural regulation was defined
as the approach from individuals to manage or change identified behaviours. Within
the TDF domain ‘behavioural regulation’ two sub-themes were found. The use of
‘smart watches to monitor breaks from sitting’ and ‘workload’. From the first sub-
theme, participants mentioned that using a smart watch was a form for they to
monitor their breaks from sitting while WFH. However, it was also mentioned that
timing and lack of flexibility of these devices were inconvenient to interrupt work.
Additionally, smart watches seemed to have an inflexible adjusting, discouraging
participants to take breaks from sitting. Within the second sub-theme, ‘workload’,
participants felt that even though they were keen to take breaks, their ‘workload’
and deadlines took over their needs to remain seated and not taking breaks. For

example, participant 7 mentioned:

“I know absolutely what | need to do, it's just whether it's more because |, I'm, |
can get very focused on one task. And | just |, | prefer to get things done and then

I've done it and then | can, you know, take a break” (male, 54).
On the other hand, and within the same sub-theme, few participants have
actively decided to change their sitting behaviour by adding breaks into their work

schedule and deal with their workload. As participant 6 mentioned:

“(about sitting due to their workload) But, but recently I've realized that as a very

stupid thing to do, because it's always going to be hectic. My email is always
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going to be bad. So, | instead | go and get a tea have a walk around for 10
minutes and then | come back and do that. So, | have consciously changed that
strategy. And from one of acting with urgency, to one of realising it's always

going to be urgent, you're going to just have to take a break” (female, 51).

Opportunity
Figure 16 illustrates the emergent sub-themes related to the Opportunity

construct, micro-constructs and the linked TDFs. Additionally, barriers and

facilitators are signalled in the figure.

TDF: Environmental context and resources. The TDF ‘environmental
context and resources’ was defined as personal or environmental circumstances of
an individual that encouraged or discouraged certain behaviours. Linked to the first
sub-theme ‘resources to stand up at home’, many participants mentioned that an
impediment to reduce their sitting at home was not having a dedicated standing
space at home, where they could continue working while standing. For example,
participant 1 mentioned: “Yeah, | mean I'm sitting in front of the computer working.
It's not like | can just stand uhm, since | don't have a standing desk, | just need to sit.

If not, I'll just be awkward to work” (male, 32).
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Figure 16

Emergent sub-themes within the Opportunity construct, and linked TDFs.

anager

Line m

Note: Barriers (B) and facilitators (F) to break up sitting time are marked for each sub-theme.

A second sub-theme was ‘reduced opportunity to take breaks at home’, where
participants mentioned that the limited space at home, and breaks being more
automatic at the office reduced the opportunity to have a higher step count. For

example, participant 2 mentioned:

“(Referring to breaks at the office versus breaks WFH) And, you know, there's
places to go. Whereas at home, it's really a case of | kind of | can stand up. Our
house is very small so | can stand up, walk up and down the stairs and come back

to my desk. There's nowhere to go really” (male, 48).
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A third sub-theme was in relation to the ‘online environment while WFH’.
Several participants mentioned they did not feel they have the opportunity to take
breaks or reduce sitting, as meetings and teaching were done while seated. For

example, participant 13 mentioned:

“During you know, working from home there is no need to actually stand up, and
find you know some other colleagues from another, | don't know from another
department and ask for an advice. Because you'll just type or phone, or you

know Zoom or make Teams call” (female, 45).

Lastly, ‘Microsoft Teams configuration’ was also mentioned as a common
barrier to reduce sitting while WFH. Many participants mentioned that the
configuration for Microsoft Teams to set up meetings was automatic for meetings

to be scheduled as back-to-back meetings. For example, participant 6 stated:

“But (Microsoft) Teams isn't particularly well set up for that because it defaults
to half an hour an hour...You know, so people just use that that time and so. It's
almost as if we have, a kind of bad habit of accepting Teams meetings back-to-

back, you know, rather than trying to force gaps in between” (female, 51).

Social opportunity. In relation to social opportunity, three sub-themes were

identified within the TDF domain ‘social influences’.

TDF domain: Social influences. The TDF domain ‘social influences’ was
defined as interpersonal interactions that can cause people to change their
behaviour. Three main themes were ‘household/family influence’, ‘line manager
influence’ and ‘autonomy to schedule meetings/other people’s availability to meet’.
Within the ‘household/family influence’ participants mentioned been influenced by

members of their household to take breaks from sitting and reduce sitting,

171



especially partners and families. It was noticed also by some participants, that an
additional household influence to reduce their sitting while WFH was having a dog.

For example, participant 14 mentioned:

“Well, there's no getting away from it if you have a dog, you have to go 'cause
he, he will just stand at the door and bark at you if he needs to go out. So you,
you that you know. So encouragement is in the form of the dog and also my
husband will say, come on, let's go, you know, I'm, I'm, | need a walk or

whatever” (female, 51).

In relation to the ‘line manager influence’ sub-theme participants stated mixed
opinions on their influence on their sitting. Some participants mentioned that their
line managers were advocates for sitting reduction and encouraged staff to reduce

sitting while WFH. For example, participant 17 mentioned:

“Yeah, | think there's you know, she knows that I'm going to be doing the things |
need to do in terms of the, my workload and so you know. She's, she's very much
you know if you need to, you know take a break in the middle of the day to do a

walk, take a break in the middle of the day to do a walk. You know it's, it's | think

it's generally acceptable to do that” (female, 42).

However, it was also noticed that without actual monitoring, or by seeing their
managers not following their own advice, their encouragement was not convincing.
Within the same sub-theme some participants stated that their line managers did
not encourage breaks from sitting, or simply was not in their agenda. For example,
participant 11 said: “It's not really a topic for her, not that she wouldn't, it's not as

she doesn't care, is not just in, it's not in the agenda” (female, 41).

Within the sub-theme ‘autonomy to schedule meetings/other people’s

availability to meet’. Many participants mentioned that their opportunity to take
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breaks was “removed” when they had to schedule meetings. This was due to two
issues. First, other’s people availability to meet was an influential factor as
participants wanted to be available for other staff to meet. Second, not having the
full control of their schedule meant that other people were able to schedule
meetings if they found a gap in their calendars. An example of this was given by

participant 16:

“When | put gaps in my calendar to think about things or just go for, wee wander
around the flat or do whatever you know, uhm, make a sandwich or whatever,
they fill it with something. They say: Oh, I've found a slot in your diary, we can

talk about that, and you're like (sighs) OK” (female, 56).
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Motivation

Figure 17 and 18 illustrates emergent sub-themes related to the Motivation
construct, and the Reflective and Automatic motivation constructs respectively.
These are linked to the relevant TDFs. Additionally, barriers and facilitators are
signalled in the figures.

Figure 17

Emergent themes within the Reflective motivation micro-construct and linked TDFs.

Sitting as part of job
(B)
Social/professional
Job compatibility

with breaks from
sitting (B)(F)

. Not capable to take
LEEE .a.b_out breaks due to

Effects of breaks
from sitting in pain

(F) (B)

Consequences of
taking breaks in
productivity/
concentration (B)

Use of a standing
desk to reduce
sitting and maintain
productivity (B)

Optimism to
continue or to
increase breaks
from sitting (F)

Optimism

Pessimism to
increase breaks
from sitting (B)

Intention to reduce
sitting (F)

Intentions/Goals

Increase breaks to
reduce pain and
discomfort (F)

Note: Barriers (B) and facilitators (F) to break up sitting time are marked for each sub-theme.
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Reflective motivation. In relation to reflective motivation sub-themes
relevant to the TDF ‘social/professional role and identity’, ‘beliefs about
capabilities’, ‘beliefs about consequences’, ‘optimism’ and ‘intentions/goals’ were

found.

TDF domain: Social/Professional role and identity. This domain was
defined as an individual’s consistent behaviours or personal qualities that are
displayed in either a social or work environment. The first sub-theme identified
within the TDF ‘social/professional role and identity’ was ‘sitting as part of job’.
Participants agreed that sitting was a big element of their work especially since start

WEFH. For example, participant 4 mentioned:

“Yeah, it’s not the kind of job where you can just walk around. Cause | need my
computers to do my work, so yeah. So, unfortunately impossible to do any other

to do it in any other way, to put it that way” (female, 48).

A second sub-theme within this domain was the ‘job compatibility with breaks
from sitting’. Many participants did not feel that taking breaks was possible due to
their work. However, it was mentioned by a few participants that even though
sitting was part of their role, they felt that breaks from sitting were useful and could

be integrated to their work schedule. For example, participant 5 mentioned:

“(about taking breaks) I'm a great advocate that actually taking a break is really
good for your mental health...So from, from my sort of research and teaching
perspective, | don't, | don't see taking breaks as a threat to my work and my

achievement. | see it as enhancing” (female, 54).

TDF Domain: Beliefs about capabilities. The domain ‘beliefs about

capabilities’ was defined as the belief and acceptance of the truth, reality and
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validity about their capacities that a person can put to constructive use. A main sub-
theme arose within this domain. Participants expressed feeling ‘not capable of
taking breaks due to workload’. Some participants mentioned not feeling capable to

take breaks due to their high workload. As an example, participant 12 mentioned:

“(about taking breaks while WFH) Do | feel like could do it? Uhm, | think | should
do it, | think it's just generally the workload that keeps me pinned to the desk.
Uhm, | mean everyone saying the same thing at the moment. | know we're all

about pushed for time” (female, 61).

TDF domain: Beliefs about consequences. The domain ‘beliefs about
consequences’ was defined as the individual’s acceptance of the truth or reality of
an expected outcome for a behaviour in a particular situation. There were three
main sub-themes mentioned within this domain. First, some participants mentioned
their belief on how ‘breaks from sitting affected their pain’. Mixed opinions were
voiced within this sub-theme. Some participants believed that the effects from
breaks from sitting had a positive effect on their pain and discomfort. On the other
hand, some participants mentioned that when pain and discomfort was too strong
breaks from sitting were not helpful to reduce chronic pain. For example,
participant 3 mentioned: “(about breaks) | just realize that when the discomfort is
too much, it doesn't help that much. It does improve a little bit, but it doesn't help

that much” (female, 42).

A second sub-theme was the ‘consequences of taking breaks in productivity or
concentration’. Many participants felt that breaking up their sitting would be
detrimental to their workload or productivity/concentration. For example,

participant 1 mentioned:

“It's not exactly by taking the breaks itself, like if you are focused doing

something. If you just continue doing it, you will finish in one hour, while if you
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take a break then you need to come back and uh... let's say catch up with what
you were doing. You waste a little bit of time. Then you will end up doing one

hour and a half. Just because you take a break” (male, 32).

A last sub-theme arose with many participants mentioned believing that a
useful form to reduce their sitting would be the ‘use of a standing desk to reduce
sitting and maintain productivity’. For example, participant 1 mentioned: “Yeah, |
mean. Yeabh, it is easier for me to change from sitting to standing and continue
work, instead of just standing and then distracting myself and then come back to

work” (male, 32).

TDF domain: Optimism. The domain ‘optimism’ was defined as the

confidence of individuals for things to happen for the best or for goal attainment. In
this definition, this confidence could be either a positive or negative view (optimism
or pessimism). Some participants mentioned having ‘optimism to continue or to
increase breaks from sitting’ while WFH. Although it was expressed that their breaks
routine might be interrupted if going back to the office. For example, participant 9
mentioned: “I think I'll be able to continue with the with the, the breaks while I'm
working from home. Uhm I'm not sure how feasible it would be to continue that

when we get back to the office” (female, 30).

Another sub-theme was ‘pessimism to increase breaks from sitting’. A few
participants expressed not feeling optimistic to increase their breaks from sitting
while WFH. This view was related to the thinking that breaks from sitting have no
effect on pain and discomfort, or the notion that pain would have to be unbearable

to increase these breaks. An example of this was mentioned by participant 10:

“I don't think there's anything else | can do. I've sometimes though if | could free
up some workspace, work surface in the kitchen area to try and stand
sometimes. But that would mean doing a lot of re, re organizing my kitchen. So |

think | would have to be in a bit of great pain” (female, 61).
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TDF domains intention/goals. The domains ‘intention/goals’ were
combined and defined as the conscious decisions and mental representations of
participants to achieve a behaviour. Two sub-themes were identified from this
domain. First, sub-theme was the participants ‘intention to reduce sitting’” while
WFH. For example, participant 8 mentioned: “(about intention to reduce sitting) Oh
yeah, absolutely. | would like to be more disciplined, and better monitor my sitting

and standing up habits, and yeah, more discipline” (female, 31).

Other participants mentioned they wanted to ‘increase breaks to reduce pain

and discomfort’. For example, participant 3 mentioned:

“Uhm, just avoid pain. No yeah, so avoid pain, and be more active as well. So not
being, sitting down all day and definitely going more out of the house. So not
really related to well, related to sitting down, so avoiding sitting down actually

are my goals” (female, 42).

Automatic motivation. In relation to automatic motivation sub-themes

relevant to the TDF ‘emotion’ and ‘reinforcement’ were found.

TDF domain: Emotion. The domain ‘emotion’ was defined as an evoked
reaction pattern where the individual tries to deal with any event or occurrence.
The sub-theme ‘pain triggers movement’ was mentioned by some participants. It
seemed that pain was a prompt to take breaks from sitting in these participants. For

example, participant 7 mentioned:
“And | think often if, if I'm in pain that is a trigger, which | will then go and

stretch. So like, when talking to you, | got up because it was it's the end of the

day and I've been sitting for a long time, and | needed to move. So if conversely,
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if I've got no pain, and my back feels fine, | might stay sitting for longer because

I've got no trigger to remind me” (male, 54).

Figure 18

Emergent themes within the motivation construct, the Automatic motivation micro-

construct and linked TDFs.
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Note: Barriers (B) and facilitators (F) to break up sitting time.
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The sub-theme ‘guilt to leave desk’ was mentioned by many participants. These
participants stated feeling guilty to leave their desk due to the amount of workload.

For example, participant 15 mentioned:

“Uhm, so sometimes | actually look at the at the clock and | say: you haven't
moved for three hours! You know. And, and you're aware of the time, but you
are so busy and then, | will tell you more. Sometimes you actually feel guilty

leaving the desk” (female, 54).

Lastly, many participants mentioned the sub-theme ‘sitting as a habit’. It was
stated that sitting for prolonged periods was a habit or routine. As an example,
participant 3 said: “But in the past | was sitting down just because of this habit of |
start one thing, it's a very long thing and | don't finish until I'm very, very I'm

exhausted” (female, 42).

TDF domain: Reinforcement. The TDF domain ‘reinforcement’ was defined
as the likelihood to increase an individual’s response by arranging a dependent
relationship between the response and an incentive. Various sub-themes were
developed from this domain. Most of the participants mentioned that introducing
‘prompts or reminders to reduce sitting” or emails would be useful to encourage

them to take more breaks from sitting. For example, participant 2 mentioned:

“More kind of intelligent reminders let's say, 'cause | seem to spend most of my
life on calls like this. And let's say that Microsoft 365 knows when I'm in meetings
and it could give me reminders at convenient times to say: Looks like you've got
half an hour free, why don't you go for a walk? That would be app would actually

be really useful” (male, 48).

Another sub-theme within this domain, was ‘increasing education/awareness

of sitting reduction health benefits’. Participants mentioned that education would
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be an effective strategy for staff to be encouraged to take more breaks from sitting

while WFH. For example, participant 9 mentioned:

“And | think also increased awareness, | don't, | don't think this area of research

is very high on the average person's agenda. And so | don't, | don't think it's

something that is particularly, uhm... Yeah | don’t, | don't think is something that

it's particularly well known about in certainly in the professional services

population, so | think it would be interesting to have more information

disseminated to staff, so people could then make positive changes off the back

of” (female, 30).

Within this sub-theme, a few participants felt that they would feel encouraged

to take more breaks if professional advice (e.g., physiotherapy consultation, live
exercise classes with a professional trainer) were provided by the University.
Moreover, to learn what type of breaks are beneficial to reduce their pain and

discomfort. For example, participant 8 mentioned:

“Having a stretching routine, and also some physio exercises that | can do to

reduce that (pain). And if you know prescribed by a professional, | think that

would be amazing. It could even be a University policy you know to have once a
year a free consultation with a physio. To talk about this (pain) and then have a
kind of stretching and exercising routine that you can do during your breaks. That

would be amazing” (female, 31).

Another common sub-theme was changes in the ‘work culture or nature of

meetings’ to be able to reduce sitting. Some suggestions were instigating a work
culture to take breaks during online meetings. For example, participant 17

mentioned:
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“What would be really good is, you know. | had an exam board meeting last
week for example, and the person who scheduled it scheduled it for 90 minutes.
And that's great. But an exam board is never ever going to take 90 minutes. It's
always going to be 2 and a half to 3 hours. And actually it would have been really
good for the person convening that meeting to have paused halfway through the
meeting and say: right, we're gonna have break now, we’re gonna have a
comfort break, get up and do whatever. And actually, that culture needs to be
embedded more into how we're doing things. Because you would never sit in a
room for three hours. It would, you know, if we're doing an exam board in
person, that would have been catered, someone would have brought coffee
halfway through and everyone would have got up and had it wander around. But
because we're doing online it’s like there's people forget how bodies work some,

somehow”. (Female, 42).

A few participants mentioned that personal motivations or ‘self-motivation’
were necessary to reduce prolonged sedentary time, otherwise this would never
take place. An example from participant 15: “I think if you are self-motivated
enough, there would be, there's is more flexibility at home to take more regular

breaks, but you still need to be personally motivated to do that” (female, 54).

‘Pain reduction’ was stated also by few participants who indicated that the
reducing discomfort while WFH was sufficient as an incentive to reduce their sitting.

For example, participant 17 mentioned:

“(about taking breaks on pain) | mean I don't, | don't need an incentive anymore
because | obviously | can see the direct benefit of doing it. That the, my quality of
life is vastly improved, and if | can avoid ending up in the situation where | was
last summer, where | was just sore all the time and uncomfortable and miserable

about that” (Participant 17, female, 42).
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Lastly, the importance of the ‘line manager or University approval’ was
mentioned by most of participants. It was stated that it would be more acceptable
for staff to follow strategies for sitting reduction if line managers or the University

introduced or approved these strategies. For example, participant 12 mentioned:

“If I got something like you know, a prompt and everything, and he (line
manager) came to me and he’ll said it's OK to do it, that's OK just to take those 5
minutes to do that wee bit stretching. | think that would allow people to have

the permission to do it” (female, 61).

Discussion

WFH has become the regular workplace for many desk-based workers since the
start of the COVID-19 pandemic. Chapter 3 (study 2) results signalled that University
of Edinburgh staff tend to engage in occupational SB for the majority of their day.
Also, higher levels of occupational SB during their day indicated a higher prevalence
of MSK symptoms. Therefore, the aim of this study was to carry out a behavioural
diagnosis of University of Edinburgh staff with MSK symptoms while WFH. This
behavioural diagnosis was oriented to identify the most relevant factors influencing
SB reduction in these workers while WFH. The COM-B model (Michie et al., 2011)
and the TDF framework (Cane et al., 2012) are useful frameworks to identify what
factors influence behaviours and perform a behavioural diagnosis. Thus, both
models were used to align this study findings. To the authors knowledge this is the
first study to carry out a behavioural diagnosis in desk-based workers with MSK

symptoms while WFH.

Main findings indicated that the most important sources and domains of
behaviours for University of Edinburgh staff to reduce their SB were related to their
‘physical and social opportunity - environmental context and resources and social

influences’, ‘reflective motivation — social/professional role and identity, beliefs
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about capabilities, beliefs about consequences, intentions/goals, optimism’, and
‘automatic motivation — emotion, reinforcement’. Although sub-themes within
capability were not within the main barriers for sitting reduction, findings for this

construct are reported due to their importance to this study.

Capability

About psychological capability, and TDF domain ‘knowledge’, most of the
participants had an adequate knowledge of prolonged sedentary time, and health
problems related to this. Furthermore, participants considered that prolonged
sedentary time was an unhealthy behaviour and that it had direct MSK health
consequences. This was in agreement with Niven et al. (2022) where participants

showed high levels of ‘knowledge’ to reduce their SB at home.

On the other hand, conflicting evidence related to ‘knowledge’ has been
indicated in office-based literature. Lack of knowledge of prolonged sedentary time
expert advice, and health consequences have been indicated as common barriers to
reduce SB in the workplace (MacDonald et al., 2018; Munir et al., 2018; Ojo et al.,
2019a, 2019b). However, staff knowledge in this study was not a barrier to reduce
their sitting. These findings may be indicative of university staff been more aware of
health consequences related to prolonged sedentary time. Other possible reason
for staff having sufficient knowledge might be the release of an informative
program (Cardinus — Online health and safety training) released by the Health and
Safety department from the University of Edinburgh. This training program
contained information about healthy work (e.g., wellbeing, setting up ergonomic
workstations) at home during and after COVID-19 which could have been useful to
create awareness for University of Edinburgh staff while WFH. Still, this was not an
explored outcome in this study and its real influence on participants cannot be

established.
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Regarding physical capability and the TDF ‘skills’, surprisingly most of
participants with MSK symptoms felt capable to break up their sedentary time
regardless their pain and discomfort. With only a few participants stating that pain
and discomfort discourage them to stand up more. Nevertheless, they still felt able
to take breaks from sitting and have found strategies to cope with pain and
discomfort that allowed them to continue working. Comparable evidence from De
Cocker et al. (2015) targeting SB reduction in desk-based workers in the workplace,
also noticed that participants with MSK symptoms did not consider that pain was a
barrier to reduce their SB. On the other hand, these findings are contrary to other
authors findings, where desk-based workers with MSK symptoms remained static
and took less breaks due to pain and discomfort (Bontrup et al., 2019; Zemp et al.,
2016). Regardless of the MSK symptoms prevalence and work interference reported
in the screening questionnaire, staff SB did not seem to be influenced by their MSK

symptomes.

These findings suggest that MSK symptoms are not an influential factor for
symptomatic staff to reduce their SB at home. Moreover, other factors appear to be
more influential (e.g., workload, resources to stand up at home) for UoE staff to
reduce their SB. Although participants did not consider MSK symptoms as a barrier,
they still have MSK prevalence been higher in lower back (92%), neck (86%), hips
and buttocks and right shoulder (71% all). Therefore, it would be of importance

targeting pain reduction in these workers to improve their daily activities.

Opportunity

In relation to opportunity, most of the barriers discussed by participants were
related to both micro-constructs (physical and social). The TDF domain
‘environmental context and resources’ (physical opportunity) while WFH seemed to
be an important barrier to increase breaks from sitting for staff. The most common
themes were the lack of opportunities while WFH to stand up for work activities

(e.g., online meetings), as well as the lack of office resources a home such as
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standing desks. Nevertheless, few participants that had purchased sit-stand

adaptations overcome this barrier.

It was also noticed that the change from the workplace to the WFH
environment was a barrier to reduce SB, as participants felt that breaks were more
natural and automatic at the office, as well as distances were further away than at
home. These findings show consistency with Niven et al. (2022), where participants
reported the home environment was less conducive for SB reduction when
compared to the office. Similarly, those participants also mentioned lacking

standing desks or appropriate furniture to stand and continue working at home.

Further office-based literature indicated some consistencies with this study
findings. Previous literature has also signalled that lack of resources to stand up in
the office environment are important barriers to remain seated for work
(MacDonald et al., 2018; Munir et al., 2018; Ojo et al., 2019a, 2019b). Nevertheless,
many participants from this study mentioned having more resources to stand up at
the office. Therefore, this statement challenges current literature of office

environments, as the workplace is not commonly equipped with sit-stand desks.

Related to the TDF domain ‘social influences (social opportunity)’ both barriers
and facilitators to break up sitting while WFH were indicated. WFH present social
challenges such as isolation from peers (Clair et al., 2021). However, it seemed that
many participants felt encouraged by their spouses or partners, their children, and
dogs to take more breaks from sitting at home. Thus, facilitating sitting reduction. In
agreement with this finding, research from Oliver et al. (2021) also indicated that
participants were highly encouraged by their families to increase their breaks from
sitting. Although these findings were from an office environment and not while
WFH. Therefore, further research of the influence of household characteristics (e.g.,

marital or partnership status, children in the household, owning a dog or pet) would
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be of interest to understand if these factors influence SB reduction in the home

environment.

Line managers’ influence was also an important theme. It seemed that many
line managers were interested in the staff wellbeing at home and encouraged them
to take breaks. Nonetheless, an important barrier was found within the same
theme, as participants felt that having the advice but not monitoring from their
managers (or University) to take breaks was a barrier to not reduce their SB. Along
with this finding was the notion that if line managers also took breaks would seem
like the staff had authorisation from the University to reduce their SB. This theme
shows agreement with De Cocker et al. (2015) research on the feasibility of sitting
reduction interventions in the office. Participants of that study mentioned that to
overcome the lack of encouragement or monitoring as a barrier, line managers
should act as ‘role models’ to motivate workers to increase their breaks from
sitting. Differently to current literature (Munir et al., 2018; Niven et al., 2022; Ojo et
al., 2019a, 2019b), participants from this study did not mention to feel ‘watched
over’ by other peers or line managers to remain in their desks all day. As a result,

this was not a barrier to break up their sitting.

An important barrier pointed out by most of the participants was not having
autonomy over their online schedule. This was reflected in two main issues; first
people could easily schedule meetings in their gaps. Second, staff were worried
about other’s people availability to meet, which ultimately determined their
availability, both reflecting in their opportunity to reduce sitting. Although these
findings have not been explored by other researchers, it would be of interest to
understand if staff having autonomy over their schedule would reduce SB while

WEFH.

187



Motivation

In relation to motivation, specifically reflective motivation, all the sub-themes
within the TDF domains presented relevant barriers to reduce SB at home. Sub-
themes associated with ‘social and professional role and identity’ indicated relevant
barriers to reduce sitting. Most of the participants had the notion that sitting was
either a high or a total percentage of their job role. This perception seemed to
influence participants to remain seated for work for most of their day. Consistently,
Munir et al. (2018) mentioned also that desk-based workers had higher sedentary
time due to the nature of their role. Differently, a few participants from this study
had overcome the notion of sitting as necessary for office work and taken action to

reduce their sitting.

In relation to ‘belief about capabilities” most of participants felt confident to
take breaks from sitting while WFH. However, a common barrier linked to this
theme, was having a substantial amount of workload. Workload was considered a
powerful limitation for staff to reduce their sitting while WFH. Workload was also
mentioned at ‘beliefs about consequences’, as participants felt capable to take
breaks, but taking breaks from sitting would interrupt their focus, concentration
and productivity. This finding seems also to be linked to ‘Emotion’, as participants

also mentioned having feelings of guilt to leave their desk due to their workload.

Current research of desk-based workers in the workplace also mentioned guilt
as a common theme amongst these workers. From this evidence it was suggested
that desk-based workers felt guilty to leave their desks due to the high amount of
workload and this was a barrier to reduce their SB (Ojo et al., 2019a; Oliver et al.,
2021). Research at the home environment also signalled that participants beliefs to

reduce SB at home were affected due to their workload (Niven et al., 2022).

Findings also suggested that participants believed increasing their breaks from

sitting would impact their productivity. Systematic review evidence has indicated
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that breaks from sitting show no adverse effects on work productivity
(Waongenngarm et al., 2018). However, this evidence comes from highly
heterogeneous studies. Further primary evidence on sitting reduction effects on
productivity has found no association between SB and productivity (Rosenkranz et
al., 2020). These authors reported that workers spending less sedentary time for
work have higher job satisfaction and lower fatigue in comparison with workers
with highest sedentary time. Nevertheless, evidence of the direct effects of breaks
from sitting on productivity is still needed. Developing strategies to spread
awareness of the effects of breaks from sitting on productivity and concentration

are essential to reduce SB in this population.

Regarding the influence of MSK symptoms on sitting time, various sub-themes
fitted within the construct ‘motivation’. First, and related to the TDF domain ‘beliefs
about consequences’, a facilitator for some participants was the belief that taking
breaks from sitting would reduce their pain. Second, and linked to ‘emotion’, it was
mentioned by some participants that pain and discomfort was a trigger to reduce
their sitting. Even though these sub-themes seemed to be facilitators to reduce
sitting in staff, these workers observed not achieving SB reduction. It is evident from
this research that although staff was aware of the possibility of reducing MSK

symptoms by taking breaks this still did not prompt them to take more breaks.

Themes related to ‘Intentions/Goals’ and ‘Optimism’ showed similar barriers to
reduce SB. Participants had strong intentions and goals to maintain and/or increase
their breaks from sitting while WFH. Equally, they felt optimistic to reduce their SB
in the home environment. Similar to these findings, current research has also
signalled that desk-based workers had strong intentions to reduce their SB at the
office (Munir et al., 2018; Ojo et al., 2019a, 2019b), and while WFH (Niven et al.,
2022). It is important to point out that a few staff mentioned not having intentions
to increase or take breaks from sitting. Comparably, MacDonald et al. (2018)

findings also indicated lack of intention as a barrier to reduce SB at the workplace.
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However, this could also be attributed to the participant’s pessimism of breaks from

sitting not reducing their pain and discomfort.

It can be noticed that changes on sitting behaviour are not inherently related to
desk-based workers intentions or goals to reduce their SB. On the other hand,
motivations in these workers seem strongly related to the workload. Therefore,
strategies to manage workload might be necessary for these workers to be able to

reduce their SB at home.

Lastly, the lack of ‘reinforcement’ of strategies to reduce SB while WFH seem to
be an important barrier for participants of this study. It was evident that many
participants were keen to change their desk-time while WFH. Nevertheless, there
was a perception that more institutional (University) input or approval was
necessary to achieve this reduction. Changes in the work culture to make breaks
socially acceptable would be also necessary. Additionally, changes in the online
environment such as the inclusion of prompts to take breaks through emails or
Microsoft Teams appeared to be essential for participants to feel both intrinsic (self-
motivated) and extrinsic (University approval) motivated to reduce their sitting. In
agreement with this, current research also signalled that work culture and
institutional changes are necessary for desk-based workers to feel motivated to
reduce their SB (MacDonald et al., 2018; Munir et al., 2018; Ojo et al., 2019a,
2019b).

Strategies to reinforce desk-based workers to reduce their SB while WFH are
also necessary. A recent rapid review by Morton et al. (2022) analysed the
transferability of strategies to reduce SB from the office to the home environment.
Findings indicated that the use of prompts, role models, educational materials and
incentives were the most promising strategies to be transferred from the office to

the home environment. Additional research is still needed to understand if these
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identified strategies are helpful to achieve behaviour change in desk-based staff

WFH.

Table 19 illustrates the main barriers found by symptomatic UoE staff to reduce

their SB while WFH, and some recommendations to overcome these.

Table 19

Main barriers to reduce SB at home and recommendations to overcome these barriers.

Barriers to reduce SB
while WFH

Recommendations to overcome barriers

Lack of sit-to-stand
resources at home

- University assistance to restructure the working space at home,
e.g., Provide adaptable equipment for home, such as desk risers.

- Educational resources or training to set-up DIY standing desks.

Reduced opportunity to
take breaks at home

- Provide education and training of the types of breaks that can
be done while WFH. E.g., exercises while boiling the kettle, doing
laundry, walking.

Online environment
while WFH

- Changes in work culture and nature of meetings, e.g.,
departments with a positive agenda for taking breaks from sitting
during online meetings.

- Increase and encourage the acceptability of breaks and/or
active meetings. E.g., standing, stretching, walking meetings.

- Software to help encourage breaks during the working day, e.g.,
prompts embedded on MS Teams suggesting PA breaks.

MS Teams settings

- Discourage back-to-back meetings, e.g., encourage 50-minute
meetings.

- Add software to MS Teams to allow staff to block periods of
time to take short breaks during the working day.

Line manager influence

- Workplace policy/agenda urging line managers to promote the
health benefits of active breaks and reducing SB while WFH.

Autonomy to schedule
meetings

- Training staff to configure their online calendars. E.g., educate
staff about how blocking their calendar slots to avoid other staff
book without authorisation.

Sitting as part of job or
as a habit/Job
incompatibility with
breaks from sitting

- Create and deliver educational resources to increase knowledge
on SB health consequences, expert health advice, and how to fit
breaks into the working day.
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Workload/Guilt to leave - Changes within the workplace, including policies in relation to
desk workload and time management.
- Institutional/organisational input or approval for SB reduction
while WFH, e.g., workplace policies supported by the university
targeting the acceptability to reduce SB by increasing breaks.
- Guidance for line managers to encourage staff to take breaks
and reduce their SB regardless their workload.
- Provide encouragement to staff to attain to work schedule
while WFH, e.g., not overstretching their working hours.

Consequences of taking - Increasing awareness of the health benefits of reducing SB,
breaks on productivity/  including productivity and concentration.
concentration

Pessimism that taking - Provide staff with pain/discomfort professional health advice
breaks will not reduce about reducing pain, e.g., one-time free physiotherapy
pain/discomfort appointment.

- Create exercise programmes for staff with pain/discomfort to
reduce their SB at home and at the office.

Strengths and limitations.

Both strengths and limitations are acknowledged in this study. To the author’s
knowledge this was the first study to explore factors influencing SB in university
staff with MSK symptoms WFH. A main strength of this study is the collection of rich
data through semi-structured interviews based in both models (COM-B and TDFs).
The use of the framework method (Gale et al., 2013) to align the results from the
interviews to deductive and inductive themes within theory ensured a systematic
and robust approach to the data analysis. The use of a second researcher as a
‘critical friend’ to support the data analysis process was key to enhance the rigour
of this study. Another strength is that most of participants (15 of 17) had taken part
of the second study (study 2). Therefore, this provided a follow-up scenario from

the second study, which was useful as a starting point for the data collection.
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An important limitation of this study was the time constraints that derived in
the use of the critical friend in the early stages, but not in the data interpretation
due to resource and time constraints. This potentially limited additional insights
during this stage. An additional limitation is the gender distribution in this study,
with most female participants (14 of 17). Although generalisation is not an objective
of qualitative data, further representation of other genders would be relevant to

comprehend if there are gender inherent differences to prolonged sedentary time.

It is also important to mention that during the data collection period
(November 2021 to January 2022) restrictions for the workplaces from the UK
Government changed meaningfully due to the Omicron variant detected on the 10t
of December 2021 (UK Health Security Agency, 2021). During this period, Scotland
moved from protection level 3 (work from home where possible) to level 4 (work
from home exclusively). Thus, encouraging desk-based workers to remain WFH
during that period. Therefore, data from the interviews during this time might be

influenced uniquely by these factors.

Lastly, due to time constraints only a behavioural diagnosis could be carried out
in these participants. Consequently, it was not possible to undertake the
identification of intervention functions and policy categories which can be used to
create a possible WFH intervention to reduce sitting. Mapping the most common
sub-themes to the BCTs would have been useful to develop a specific intervention
for people with MSK symptoms to reduce their sitting (although pain and

discomfort was not a barrier to increase breaks from sitting in this population).

Implications for practice and research

Various implications for practice and research can be made from this study.
Firstly, study findings would be useful in development of future WFH interventions
targeting sedentary time reduction in desk-based workers with MSK symptoms.

Considering the global prevalence of MSDs, further research to reduce MSK

193



symptoms in risk populations such as desk-based workers WFH is still necessary.
This would allow these workers to be able to make their daily life pain free and

reducing job absenteeism and disability.

Secondly, it would be relevant that institutions such as universities be able to
design strategies for workers to reduce their desk-time. Specifically in the home
environment, where workers lack of physical opportunity and environmental
resources to reduce their desk-time. Institutions should be able to encourage
workers to manage their workload by highlighting the importance of physical and
mental health. Similarly, institutions should promote mindfulness of changes on
work culture and acceptability of breaks from sitting while working. The rapid
review by Morton et al. (2022) has provided information about strategies
transferable from the workplace to the home environment. These could be used in
combination with this study findings providing an initial backdrop to create

strategies to reduce SB at home.

Finally, additional research on SB patterns while WFH using device assessed
methods would be useful to understand comprehensively SB and breaks

management at the home environment.

Conclusion
The COM-B model and the TDFs proved to be useful tools in identifying both
barriers and facilitators to reducing occupational SB and increase breaks from sitting
in this population. UoE staff with MSK symptoms had the psychological and physical
capability to reduce their sitting. Interestingly, their pain and discomfort was not a

barrier to reduce SB at home.
The most important barrier for participants was their current workload and

various barriers associated to this. Participants’ behavioural regulation to take

breaks was also directly influenced by their workload. To encourage staff with MSK
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symptoms reduce their sitting while WFH, barriers related to physical (e.g.,
standing-desks) and social opportunity (e.g., work culture), automatic (e.g., guilt to
leave the desk) and reflective motivation (e.g., beliefs and strategies to reinforce

breaks from sitting) need to be tackled.

These findings are useful to support desk-based workers to reduce both SB and
MSK symptoms while WFH. The findings can also be used in future research as well
as to inform the design and implementation of strategies and interventions to
increase breaks from sitting at home in people with MSK symptoms. Institutional
and/or organisational changes are necessary for this population to be able to

manage their workload and reducing SB at home.

Chapter summary
This chapter aimed to identify the most relevant factors influencing desk-
based staff with MSK symptoms to reduce their SB and increase their breaks from
sitting at home. Findings provided valuable insights of the factors influencing SB in
desk-based university staff with MSK symptoms WFH. Interestingly, MSK symptoms
were not a barrier for these workers to reduce SB at home. Moreover, workload

seemed to be the most influential barrier for UoE staff to reduce their SB at home.

Despite not being a barrier to reduce SB, MSK symptoms were still prevalent in
this population and participants had to find strategies to cope with pain to keep
working. This study’s findings are useful to support UoE staff to reduce their SB

prevalence at home while targeting MSK symptoms reduction.

The next chapter will focus on discussing the main findings, strengths and

limitations from this thesis and the implications and future directions for research.
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Chapter 5. Thesis discussion

The purpose of this chapter is discussing the thesis as a whole. This includes
summarising the key findings, the contribution to the research field, strengths and

limitations, implications for practice and future research directions.

Summary of the thesis, key findings and contribution
to knowledge
The overall aim of this PhD thesis was to expand the knowledge of the role of
breaks from sitting as a strategy to reduce MSKs symptoms and occupational SB in
desk-based workers. This was explored in two work settings: the office and home.
The thesis used a comprehensive mixed-methods approach, and three studies were
undertaken to address each research objective. The summary of each study, key

findings and contribution to knowledge are described below.

Research objective 1. Systematically review literature of the
effectiveness of breaks from sitting on MSK spinal
outcomes in adults with sedentary occupations

The first study (chapter 2) was a systematic review created to address the lack
of evidence exploring the effects of breaks from sitting on spinal MSK outcomes.
Most of the available evidence was based on self-reported measurements. Two
review objectives were established to address this dearth in literature. The first
objective was to review literature of the effects of breaks from sitting on device
assessed spinal MSK outcomes in sedentary workers. The second objective was to
compare the effects from device assessed spinal outcomes, with its effects on self-

reported MSK spinal outcomes, when available.
From the 12 studies included in this review, it was evident that research

exploring the effects of breaks from sitting on spinal MSK outcomes was limited.

The key finding from this systematic review was that stretching breaks were the
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most useful type of break to reduce device assessed and self-reported MSK spinal
outcomes in sedentary workers. Specifically, review findings suggested that
stretching breaks from sitting were useful to decrease device assessed spinal MSK
outcomes in acute single-session and medium to long-term interventions (2 weeks
to 3 months). However, the findings from single-session interventions are taken

cautiously due to the low number of studies reporting this outcome (one study).

Two important limitations of this study were identified. Firstly, the available
evidence was taken from highly heterogeneous studies. These studies varied on
type of breaks protocol, measurement tools, breaks type, duration and frequency
which made difficult to generalise the findings. Secondly, the poor reporting (e.g.,
missing data) of the included studies limited the data synthesis process, which also

made it difficult to make concluding remarks.

At the beginning of this PhD, it was noticeable that literature exploring the
effects of breaks from sitting on MSK symptoms was limited to self-reported
outcomes such as pain and discomfort (Agarwal et al., 2018; Luger et al., 2019;
Parry et al., 2019; Waongenngarm et al., 2018). Previous evidence of device
assessed effects of breaks from sitting on spinal MSK outcomes was restricted and
focused mainly on cardio-metabolic and all cause-mortality outcomes (Honda et al.,
2016; Saunders et al., 2018). To my knowledge, at the time of conducting the
review, and the review update, there were no systematic reviews published

assessing these outcomes.

This systematic review made an important contribution to knowledge by
adding evidence of the effects of breaks from sitting to reduce MSK spinal
symptoms in sedentary workers. First, by synthesising evidence of the device
assessed effects of breaks from sitting on spinal MSK outcomes. Secondly, by
complementing the device assessed spinal MSK outcomes with self-reported MSK

spinal outcomes, which no systematic review had previously carried out. To my
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knowledge, to date there are still no published systematic reviews synthesising
evidence of the effects of breaks from sitting on device assessed MSK spinal
symptoms in sedentary occupations. The only comparable published systematic
review by Waongenngarm et al. (2018) did not explore the effects on device
assessed MSK spinal symptoms like this review did. Also, authors from that review
only explored the effects of breaks from sitting on LBP, and not different spinal
outcomes as this review did. Both reviews made apparent that breaks from sitting
that include postural change are the most effective form to reduce MSK symptoms
in the spine, which may be attributable to the postural change involving light bouts

of PA.

Research objective 2. Explore SB and MSK symptoms in
University of Edinburgh desk-based staff WFH

The second study (chapter 3) was a cross-sectional quantitative study designed
to address changes in the work landscape due to the COVID-19 pandemic. These
changes began with the COVID-19 pandemic and continued afterwards with desk-
based workers WFH or engaging in hybrid working. The study aimed to explore
differences in MSK symptoms prevalence between groups defined by occupational
sitting, breaks from sitting and ergonomic chair settings. It was also hypothesised
that higher levels of SB would reflect in higher MSK symptoms prevalence. Research
objectives were to describe occupational sitting time, breaks from sitting (number
and duration), ergonomic chair settings and musculoskeletal symptoms prevalence

in UoE staff while working from home (WFH).

Key findings showed that UoE staff had an elevated prevalence for both
occupational SB and MSK symptoms while WFH. Additionally, study findings
indicated that groups with occupational sitting of over 8 hours per workday showed
a higher prevalence of MSK symptoms. These findings confirmed the formulated
hypothesis for the study. Another key finding was that groups of breaks from sitting

number and duration did not differ significantly in MSK symptoms prevalence at the
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home environment. Nevertheless, a large percentage of UoE staff still took a high
number of breaks compared to relevant SB literature. The ergonomic chair settings
scores also appeared to not be influential for MSK symptoms prevalence in UoE
staff. The most prevalent areas for MSK symptoms were neck, lower back, and right

shoulder.

The second study of the thesis made a valuable contribution to literature by
acknowledging the lack of evidence around a novel work setting after a global
pandemic, the home environment. During the design of this study, evidence of SB
was restricted to the office environment, with very limited research of SB in the
home environment. Only two studies comparing SB at both the workplace and at
the home environment were identified before this research (Olsen et al., 20183,
2018b). There was also limited evidence in relation to the prevalence of MSK
symptoms and SB at home. For example, the existing studies were not focused
solely on desk-based workers (Moretti et al., 2020; Sagat et al., 2020; Yang et al.,
2017). This study collected key data for many unexplored outcomes in the home
environment such as occupational sitting, breaks from sitting, and ergonomic chair
settings in university staff. In addition, this study also assessed MSK prevalence in
home settings in desk-based workers which had not been explored yet adding to

the growing literature of the home environment.

Further evidence has become available after the completion of this study.
These evidence has also found increases on SB in desk-based workers WFH (Javad
Koohsari et al., 2021; Rathonyi et al., 2021). In contrast to the second study of this
thesis, recent evidence has accounted for PA levels, which seems to provide
benefits to reduce MSK symptoms in this population. For example, evidence from
Rodriguez-Nogueira et al. (2020) found that desk-based female staff from two
universities, who had increased their PA during the confinement periods had lower
MSK symptoms prevalence. In the second study of this thesis, this factor was

unaccounted for.
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Research objective 3. Identify factors influencing SB and
breaks from sitting in desk-based University of Edinburgh
staff with MSK symptoms while WFH

The third study (chapter 4) was a qualitative study created to explore factors
influencing SB and breaks from sitting in UoE staff with MSK symptoms while WFH.
The study was based in two theoretical models. The COM-B model (Capability,
Opportunity, Motivation) which allowed a behavioural diagnosis of UoE staff. The
Theoretical Domains Framework (TDF) informed the identification of the most

common barriers and facilitators influencing SB in the home environment.

Key findings from this study indicated that UoE staff were physically (e.g.,
physically able to take breaks) and psychologically capable (e.g., had knowledge to
reduce sitting) to reduce their SB while WHF. Interestingly, their MSK symptoms did
not influence their SB in the home environment. Furthermore, participants had
found strategies to cope with pain and were able to continue working regardless
their pain and discomfort. Barriers to reduce SB were mainly associated with their
physical (e.g., inadequate space to take breaks) and social (e.g., work culture to take
breaks) opportunity, automatic (e.g., guilt to leave desk) and reflective motivation
(e.g., strategies to reinforce breaks from sitting). The most relevant barrier for this
population appeared to be related to their workload management which did not

allow them to increase their breaks from sitting while WFH.

It is evident that during and after the COVID-19 pandemic, desk-based workers
reported to have a higher prevalence of SB while WFH (Javad Koohsari et al., 2021;
Rathonyi et al., 2021). The third and final study of this thesis has contributed to the
growing evidence exploring factors influencing SB while WFH. To my knowledge this
is the first and only study exploring factors influencing SB in desk-based workers

with MSK symptoms in the home environment by using behaviour change theories.
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Prior to the pandemic, studies using the BCW, COM-B and TDFs aimed to
understand factors influencing SB at the office (Munir et al., 2018; Ojo et al., 2019a,
2019b). Nevertheless, these authors did not focus on the home environment. Only
one study from Niven et al. (2022) explored SB in university staff (UoE) working at
home. This study found similar factors influencing SB in staff WFH. These factors
were mapped to the COM-B model. Amongst these factors were high levels of
capability, and lower levels on opportunity and motivation. However, these findings

were taken from asymptomatic workers, rather than workers with MSK symptoms.

Findings from the third study deepen the current qualitative evidence at the
home environment by using behaviour change theories. The study findings also
highlighted how desk-based workers with MSK symptoms are adaptable to pain and
discomfort by developing strategies to cope with pain, allowing them to continue
working. These workers SB seems to be driven by their workload. This study findings
are useful to support staff with MSK symptoms to reduce their SB at home. This
study identified that strategies to reduce SB in symptomatic and symptom-free
desk-based workers are similar. Strategies to manage workload may allow these

workers to increase their breaks from sitting while WFH.

Implications for practice
The findings from this thesis have broader implications in both research and
practice. Some of these have been considered briefly in each chapter. However, this

section uses the whole thesis findings to expand on these.

Sedentary Behaviour and 24-hour movement guidelines

As mentioned in the introduction (chapter 1), the development of the SB
guidelines are still in progress. The Canadian 24-hour movement guidelines advise
to reduce SB by adding movement through the day (Canadian Society for Exercise
Physiology, 2020). However, no further recommendations about the type of

activities that can be done to reduce SB are made.
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The research of the direct effects of breaks from sitting would be a valuable
contribution to the SB guidelines which are still being outlined by various research
bodies (e.g., Scottish government, WHO). Research exploring the most effective
type, duration, and frequency of breaks to decrease the negative health outcomes
from prolonged SB is still necessary to complement these and inform the public.
Breaks from sitting are a low-cost strategy, which provide benefits to cardio-
metabolic outcomes, and that could be easily followed by the general population.
Still, more research about other health effects from breaks from sitting is still

needed.

Considering the high global prevalence of MSDs and the contribution of
prolonged SB into this prevalence, SB guidelines should also include
recommendations to target MSK symptoms. Findings from the first study (chapter
2) suggested that breaks from sitting, specifically stretching breaks, are useful to
decrease MSK symptoms. Using these findings could be key to both reduce SB and
target MSK symptoms reduction. Thus, helping to reduce the high global prevalence
of MSDs.

Implement strategies targeting SB and MSK reduction while
working from home/hybrid working

The work landscape has changed permanently since the COVID-19 pandemic.
Desk-based workers now either WFH or engage in hybrid working (working at the
office and WFH) and plan to continue so (Office for National Statistics, 2022). One of
the key findings from this thesis was providing evidence around the high prevalence
of occupational SB in desk-based workers at the home environment. Moreover,
these workers had also high levels of MSK symptoms prevalence in this work

setting.
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From the thesis findings it seems evident that the presence of MSK symptoms
are exacerbated by prolonged SB. Therefore, strategies to reduce SB are necessary.
From study three (chapter 4) it was apparent that desk-based UoE staff had not
found MSK symptoms prevalence as an impediment to reduce their SB at home. To
complete their work, staff had found strategies to cope with pain which allowed
them to keep working. These findings suggest there is a need for workplaces and
organisations to create programs or policies supporting workers to manage their
workload. Thus, helping these workers to reduce their SB. This would be key to
reduce the negative health outcomes related to SB, including the high prevalence of

MSK symptoms.

The introduction of breaks from sitting would be a useful strategy for workers
to reduce their SB while WFH. These breaks are low-time consuming and can be
carried out during work, also they do not represent high cost for organisations. A
recent rapid review by Morton et al. (2022) focusing on the transferability of
strategies to reduce SB at the workplace to the home environment has suggested
the use of educational materials, role models, incentives and regular prompts to
encourage SB reduction at home. However, the feasibility and acceptability of these
strategies for workers still needs to be implemented and tested. Therefore, further

research is still necessary to address this.

From the findings of this thesis, it is also suggested that desk-based workers
need to be encouraged or receive ‘permission’ from line managers, or directly from
the organisations for this to be feasible. Systemic changes within workforces would
be essential for workers to feel supported to be able take breaks from sitting during
work. Therefore, strategies that combine these aspects should be also targeted by

future research.
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Implications for future research.

Within the broader context, suggestions for future research have been
identified from the thesis findings. These suggestions are reported first considering
the role of breaks from sitting to reduce SB in desk-based workers. Second,
considering the role of breaks from sitting on reducing MSK symptoms in this

population.

Tool Validation

It was evident from this research that standardisation to measure self-reported
breaks from sitting is still required. Many authors have selected open-ended
guestions to assess this outcome. However, usually the validity and reliability of
open-ended questions have not been tested. Therefore, results from these
guestions might fluctuate considerably from one study to another, which makes

difficult to generalise findings.

Additional research is still needed to standardise and validate tool’s reliability.
This research needs to compare both SB and breaks from sitting with device
assessed data (e.g., accelerometer) to test the consistency and adequacy of tools
measuring these outcomes at both the office and the home environment. In this
thesis, the Sudholz tool (Sudholz et al., 2018) was used to measure self-reported
breaks from sitting at the home environment. This tool was selected due having fair
to good construct validity and test retest reliability (Bakker, Hartman, et al., 2020).
However, the Sudholz tool only measures total sitting time per workday and
number of breaks, without measuring the total breaks duration. Measuring the
duration of breaks can also provide insights of how long a break must be to provide
health benefits. On the other hand, the SITBRQ (Pedisic et al., 2014) measures
number and duration of breaks from sitting but has been reported to have poor
construct validity (Bakker, Hartman, et al., 2020). Research focusing on the

refinement of tools assessing self-reported breaks from sitting is still necessary. This
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research would aid with the standardisation of the self-reported assessment of

breaks from sitting which is key to SB literature.

Feasibility studies to reduce occupational SB while WFH

Interventions to reduce occupational SB in desk-based workers WFH are also
essential to the current SB literature. Findings from study 3 (chapter 4) provided
information about what barriers need to be tackled to reduce SB in the home
environment in workers with MSK symptoms. Also, as mentioned in the previous
section, findings from Morton et al. (2022) provide relevant data for what type of
strategies in the workplace might be transferable to the home environment. To
address these findings, feasibility studies are required to understand what
strategies are useful and acceptable for desk-based workers to reduce their
occupational SB in the home working environment. These would be crucial for desk-
based workers to reduce the detrimental health issues related to SB, including MSK

symptoms.

Device assessed effects of breaks from sitting on MSK
outcomes

Since the start of this PhD, it was apparent that the measurement of MSK
symptoms in sedentary workers was mainly focused on self-reported outcomes.
However, musculoskeletal disorders (MSDs) are characterised by changes in
mechanical structures which its measurement would be important to understand
their development. Considering the high prevalence of MSK symptoms in desk-
based workers found in study 2 (chapter 3), addressing this shortage of literature is
needed. Further research exploring the direct effects on device assessed MSK
outcomes is needed to understand what the most ‘effective’ form to reduce MSK

symptoms in desk-based workers is.

The first study (chapter 2) provided some relevant pointers in relation to this.

Findings suggested that stretching breaks can favour various device assessed MSK
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spinal outcomes. However, this evidence came from highly heterogeneous studies.
Therefore, research using experimental designs (e.g., RCTs), and testing the effects
of various types of breaks from sitting (e.g., stretching, standing, walking) on muscle
activity, range of motion, and spinal height (which seemed benefited while using
stretching breaks), still needs to be undertaken. Further exploration of these
outcomes would also be necessary in acute and long-term (over 3 months)
intervention settings to understand the lasting effects of breaks from sitting. The
exploration and assessment of these outcomes would also be valuable to prevent

job absenteeism and disability caused by MSDs.

Target the reduction on MSK symptoms in sedentary workers

MSDs are highly prevalent globally, leading to mobility issues and job
absenteeism (Abrams et al., 2020). However, it is frequent to find evidence of the
effects of SB and breaks from sitting mainly on physical chronic illnesses (e.g.,
cardiovascular, metabolic) (Saunders et al., 2018). Research about the most useful
form to reduce SB and MSK symptoms in desk-based workers is still limited.
Therefore, interventions using breaks from sitting focused on the decrease of MSK

symptoms are needed.

The findings of the first study (chapter 2) provided evidence of the benefits of
stretching breaks on device assessed (e.g., increased spinal range on motion,
reduced spinal shrinkage, increased spinal muscle activity), and self-reported MSK
spinal outcomes (e.g., decreased spinal pain and discomfort). These benefits were
indicated in acute single-session and medium to long-term (2 weeks to 3 months)
interventions settings. However, these findings were from highly heterogeneous
studies. Also, the studies included in the systematic review only had follow-up

periods up to 3 months.

Additional research around acute and long-term (over 3 months) effects of

breaks from sitting on MSK symptoms is also necessary. Overall, studies would need
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to address the gap on research exploring the acute, medium, and long-term effects
of breaks from sitting in desk-based workers while WFH. In addition, it is still
important for further research to explore and quantify the most helpful form of
break (including number, duration and frequency), for sedentary workers to reduce
their MSK symptoms at the office or while WFH. Findings addressing these
shortcomings could also be used to inform the SB and 24-hour movement

guidelines.

Strengths of the thesis

This thesis adds new evidence to the SB and MSDs field by using a
comprehensive methodology. Firstly, with a systematic review which helped
synthesise evidence from literature available from the research subject. Secondly, a
guantitative study which provided statistical data from a novel work setting. Thirdly,
a qualitative study which provided a behavioural diagnosis on what factors need to
be addressed for desk-based workers with MSK symptoms to increase their breaks

from sitting while WFH.

The strengths for the individual studies chapters are considered within the
respective chapters (chapter 2, 3 and 4). These are briefly summarised below in

relation to the whole thesis and expanded accordingly.

The methodological quality of the three individual studies is a strength of this
thesis. From the inception of the systematic review (chapter 2), it was intended to
achieve a high methodological process. The valuable use of the PICO guidelines
(Higgins et al., 2022) helped to formulate a well-developed research question.
Following the Synthesis Without Meta Analysis (SWiM) (Campbell et al., 2020)
guidance were important to improve the reporting of the systematic review
narrative synthesis and enhance transparency and clarity. The use of three
experienced researchers as reviewers for the full-text screening showed to benefit

the review process and to be an invaluable learning opportunity.
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Strengths of the second study (chapter 3), was the incorporation of tools that
showed good to fair validity and reliability to assess the outcomes of interest. This
provided higher quality from the assessed data, which allowed to collect
indispensable information from the WFH environment. The inclusion of the OSPAQ
(Chau et al., 2011) was key for this research and allowed to make comparisons with
wider literature exploring SB. The use of the Sudholz tool (Sudholz et al., 2018)
which has a fair to good construct validity and test-retest reliability also provided
key information of breaks from sitting at home, which might have been lost by using

a non-validated tool (e.g., open-ended questions).

For the third study (chapter 4), the sample was mainly recruited (15 of 17
participants) from participants that took part of the second study. This provided a
‘follow-up’ scenario to the third study which was a useful starting point for the
research and data collection. The use of the framework method (Gale et al., 2013)
facilitated to perform a systematic analysis of the qualitative data for this study. The
matrix used for this analysis was effective to compare findings allowing to have a
deeper understanding of the data. Lastly, the use of a ‘critical friend’ (Smith &
McGannon, 2018) during the third study of the thesis was invaluable to enhance the
rigour of the research. Moreover, to gain valuable insights from another qualitative

researcher which helped to identify additional codes within the data.

In relation to contribution to literature, each study provided key information to
current research. Considering the high prevalence of MSDs globally, the systematic
review (chapter 2) from this thesis adds valuable evidence of the role of breaks
from sitting and its effects to reduce spinal MSK symptoms in a risk population
(sedentary workers). The review findings also add to literature more understanding
about the different types of breaks from sitting (e.g., breaks with postural change,

breaks including walking and/or stretching) and its effectiveness on MSK symptoms.
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For the second study (chapter 3), a valuable outcome was attempting to
measure ergonomic chair settings which can be related to MSK symptoms (Galof &
Suc, 2021; Yorulmaz et al., 2022). This information was useful to understand if chair
settings were risk factors for MSK symptoms at home, which have not been
explored by previous literature. However, this came with limitations which are

signalled in the limitations section.

The third study (chapter 4) provided views and insights from desk-based
workers with MSK symptoms in the home environment, which had not been
explored yet. These findings can be used to support desk-based workers with MSK
symptoms at home. Also, results highlighted the notion that university staff had
higher levels capability against other COM-B constructs, which can be used for

future interventions implementation.

Overall, a thesis strength was the exploration of the home environment as a
workplace. This has provided novel data from this work setting which has gained
popularity amongst desk-based workers due to various advantages (e.g., increased

flexibility, better work — life balance).

Limitations of the thesis

Limitations of this thesis are also acknowledged. The limitations for individual
studies are considered in each individual chapter. To summarise, in study one
(chapter 2), a meta-analysis was not performed in the systematic review. This might
have added a more accurate effect size of the effects of breaks on spinal MSK
outcomes. Nevertheless, it was chosen to follow the Cochrane handbook for
systematic reviews recommendation (Higgins et al., 2022) which advises to not
perform a meta-analysis when studies are heterogeneous, as these could be
misrepresent the findings. Other limitation was not updating the systematic review
after the last update (March 2020). This was mainly to focus on the current changes

to the work landscape, and the novelty of the WFH environment. Additionally, this
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was considered impractical as it would imply the involvement from other reviewers

to carry out further work.

In study 2 (chapter 3), the cross-sectional nature of the research did not allow
to understand the causality of events. For example, findings indicated that staff
with occupational SB of over 8 hours per day seemed to have higher MSK symptoms
prevalence. However, this could also mean that workers with higher prevalence of
MSK symptoms tend to sit for longer. Further experimental research is still needed

to complement WFH and SB literature.

Limitations for the third study (chapter 4) are that although collected, due to
time constraints, the data were not used to map the findings to other BCW layers,
such as policy categories or intervention functions or to the BCTs. Although this
would have been key to design an intervention directed to staff WFH, this would
have also implied further input from the ‘critical friend’ which was considered

unfeasible due to time constraints from both researchers.

An overall limitation of this PhD thesis is related to the use of reporting
guidelines. Only the systematic review followed the SWiM guidelines (Campbell et
al., 2020) to report study results. Afterwards, it was decided not to follow up any
reporting guideline and continue the process empirically. This meaning that the
reporting was done similarly to other relevant papers in the field. The
appropriateness of the reporting guidelines (Equator network), such as the COREQ
checklist components (Tong et al., 2007), especially during the qualitative research
study seemed unfit (e.g., research team reflexivity, credentials), during the writing
stage. Regardless, the studies from this thesis still presented thoroughly detailed
information of the methodological process of individual studies, data collection and
analysis, and reporting the findings. The use of guidelines are important to increase
transparency, clarity, and replication of the research, while permitting critical

appraisal. Therefore, if published, studies two and three (chapter 3 and 4) would
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use the STROBE (cross-sectional) and COREQ (qualitative) guidelines to improve the

report transparency and clarity.

Although not a limitation itself, from the beginning of the PhD project, a dearth
of evidence around device assessed MSK symptoms was found. A main objective of
this PhD was to address this gap of knowledge. As mentioned in the introduction
(chapter 1) and study 1 (chapter 2), the original methodology of this PhD was to
undertake a laboratory study to test the acute effects of breaks from sitting on
device assessed spinal MSK outcomes (spinal shrinkage and spinal range of motion),
and self-reported MSK outcomes (pain and discomfort). However, this was
unfeasible due to the COVID-19 confinement periods, the closure of universities and
research centres, in combination with close contact measures that the study
involved. Therefore, this gap in knowledge still needs to be addressed.
Supplementary research still needs to take place to understand what the effects of

breaks from sitting on MSK symptoms are.

Conclusion
In conclusion, this thesis has advanced knowledge around the role of breaks

from sitting as a strategy to reduce MSK symptoms prevalence and SB in two
working environments (office and home). From this body of research, it is suggested
that breaks from sitting, specifically stretching breaks, are a useful strategy to
reduce MSK spinal symptoms in sedentary workers at the office. Contemplating the
change from the office to the home environment, it appears the prevalence of MSK
symptoms is unaffected by the number and duration of breaks from sitting in
workers WFH. On the other hand, engaging in prolonged occupational SB for over

eight hours do appear to affect this prevalence.
Changes around workload management are necessary for desk-based workers

with MSK symptoms to reduce their SB while WFH, and subsequently reduce their

MSK symptoms prevalence. Future research should focus on exploring the direct
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effects of breaks on MSK symptoms during working hours at the office and the
home environment. Understanding what the most effective type, duration and
frequency of breaks from sitting is key for sedentary populations to reduce the

negative health effects of SB.
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Appendices

Appendix 1. Online survey for study 2.

Qualtrics Survey Software

1de23

@ THE LINIVERSITY of ERINBURGH

Default Question Block

Sitting behaviour whilst working from home: Understanding how
muc}?ll wf glt, what influences this behaviour, and how it may relate to
our nhealt

Participant Information Sheet (Vi March 2021)

You are being invited to take part in a research study examining the sitting behaviour of University
of Edinburgh employees whilst working from home. This independent research is being led by the
Physical Activity for Health Research Centre (PAHRC), and we have consulted with the Home and
Hybrid Working Group, Human Resources, Health and Safety, and the Centre for Sport and
Exercise in developing this study to optimise its value. Before you decide to take part, it is
important that you understand why the research is being conducted and what it will involve.
Please take time to read the following information carefully. A downloadable version of this
information is available (link), should you wish to save a PDF for future reference.

What is the purpose of this research?

COVID-19 has changed the way we work. Due to lockdown restrictions, for many of us working at
home has become the ‘new normal’, and in the future it is likely that we will have a more flexible
approach to work location. Whilst there are many advantages to working from home, there are
also some potential negative consequences. The aim of this study is to focus specifically on sitting
behaviour whilst working from home. We are interested in understanding more about sitting
patterns across the working day and breaks from sitting, what factors influence this behaviour, and
also how this behavior is related to our health (including body pain and discomfort, and mental
health and work well-being).

Why have I been invited to take part?

You have been invited to take part because you are a member of staff at the University of
Edinburgh aged 18 and over who is currently working from home, and has access to a computer to
complete the questionnaire.

Do I need to take part?

No you don't need to participate. Your participation in this study is entirely voluntary. If you wish
to withdraw from this study, you can do so at any time during completion of the questionnaire, and
by just exiting the online questionnaire (close the window). Due to the method of data collection,
following submission of the questionnaire it will not be possible to withdraw your data from the
study because we will not be able to identify your responses. Deciding not to take part or
withdrawing from the study will not affect your employment in any way.

If I agree to participate, what will I be asked to do?

You will be asked to show you are happy to take part in this study by reading through a consent
form (see below) and ticking each statement to demonstrate that you consent to participating.
Following your consent to participate in the study, you will be asked to complete an online
questionnaire.

The online questionnaire is divided into seven sections. The first section focuses on demographic
information about you. The questions in the second section will assess sitting behaviour whilst

https://edinburgh eu. qualtrics com/Q/EditSection/Blocks/Ajax/GetSurve. ..
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working from home. The purpose of the third section is to identify what factors influence our
ability to reduce our sitting whilst working from home. The next sections focus on assessing
health outcomes that may be influenced by our sitting behaviour including musculoskeletal pain/
discomfort (Section 4), mental health (Section 5), and well-being at work (Section 6). The final
section (Section 7) focuses on the ergonomic set-up of your working from home environment.

We estimate that it will take an average of 15-20 minutes to complete the questionnaire. At the end
of the questionnaire, there is an option to register your interest to receive information about
participation in further research in this area.

Whaqt are the potential risks?
We go not antﬁ:i%ate anysﬁ.rrlifgcant risks from participating in this study. If completing some of
the %ua; ons makes you feghuncorrﬁort?ble, then please use the arrow at th? bottorg (ﬁf the ﬁage to
move to the next section, and we will only use the sections that you do complete. Additionally, at

the end of the questionnai have i ome li to helpful resources on the topics
covere ?nt e%[uesttlionnalilr%ﬁ?you w%{ﬂglﬂﬁg ?urt er?n ormau%n. P

What are the polential beﬂelﬁljs of taking part in the research? X
We hope that yo \Ell] find completing the questionnaire ag interesting exer¢ise. B¥ s‘.harmﬁl our
1 - e Bty

Fspoﬁses you will be contriputing tg novel )ﬁ: earch rega }lng sitting VIOUE in
from home environment. These findings will be shared with partners in the Umversity in order to
inform strategies to hest support sfaff \fr:;e

orking at home. For more immediate support, please
see links to useful information at the en

0? e questlonnalre.

As a token of appreciation for your time and input in completing the questionnaire, you have the
opportunity to be entered into a prize draw for one of five £50 amazon vouchers. If you WOuid,Tikt_E to enter
tﬁ(ﬁ%raw t}rﬁ? please leave your email on the ﬁnacl page. ci["he email addresses for the prize draw
will be stored separately from the questionnaire data, and we wi

| 1 use a random number generator
to identify the prize winners.

Will my taking part be confidential? | s
Yoyr datatu) ill prg(iff.s d in acco ce \ﬂa'lt Data Prot orﬁ{léaw, and the are c]oll%gi}ed
under public task.  All information collected about you will be kept strictly confidential. e
research data (l%uest;lanrgalre rmg)o es w11 be fl%\mlna,ded rom Qualtrics, ananﬂmlsed afld
stored on secu unwersmi_‘serv rs for the life of the project (reviewed at 24 months - April 2023).
'l_ill_lq anonymous data azill t enbbe stoc{%i pei‘lmanently n Datashare as an open access de}lta-set.

is means that the data can be used by other researchers in ethically approved research.

If you choose to be entered into the prize draw, your email address will be stored separatelﬁf from
our research dat%an secuae unwg:rsuy servcfri, and will be d1§magd ri_tl‘ on myle%nghof e prize
raw. 1f you win the prize draw, if requested then your name e shared to verify the draw.

f you chpose to be cantacted about taki art in future research studies, your il address will

Leystorcélho separa‘teei om t%e researcilkgfﬁapqn secuve_umr\%rs%w Servers. %e wlli rgvfew 18
ataset %24 montj:s (Alﬁl{l] 202:{.}1&11(:1 will e}t er retain for a further t\.\rﬁ years or dispose of the
ata at this point, depending on the status of the programme of researc

The University of Edinburgh is the sponsor for this s_tudfv based in the United Kin%dom. We will be

lﬁ;mg mcforn;lﬂpon from you in order to ]ﬁfd?nﬁke this sindy and will act ag the da a controller for

this Stli y. 1% means we :fire EEprﬂnil ?]l ?(r oqlzlmgtgﬁ eBrl your in OI;manign an ug.]mﬁ &t
TO 'I'}}e niversi in will keep identi e information (i.e., email addresses
ra?rge}él’ for futur, resegyrghdl or a.tklgést ) ‘mor?tlzns (Sliprl 2023%. For genera'fil':g)matmn about
ow we use your data go to the Privacy Nofice.

'?ﬁlﬂ:il;m ha, ]pcn 13 the i'r;ﬁ')rn{ﬂﬁnn collected? i Xing f h . dth
The datg coflciod wil proi eﬁ’gsse%f‘é%‘%ﬁﬁ‘féé"‘i‘ﬁl the Homéand Tiyhad Whiking Group, e

Hﬁﬂ andrSafeg Human Resources, Centre for Sport and Exercise, and other dekpart ents in
order to inform future developments on how best to s%?ﬁart colleagues when working from home.

lease note that yvou will NOT be identifiable in any o se findings ea ed data will
a]:llsoﬁge useﬁ as a%art of a PhD pro?ect, potent%g] MSc ro?ects, an %\rﬂl e puﬁﬁrsgg%ﬁn sgi?entgg
Journals and/or pflesgrllted at rﬁseagﬂx conferences. e anonymous data may also be pooled with
ata collected in'the future, and used in subsequent ethically approved projects.

ics oval:
%ﬁ{; study has lrieen reviewed and gtiven a ffavaurable opinion by the Moray House School of _
Ehducat_lon and Stpﬁét thics committee (ref# AN17022021-1), and has been granted sponsorship by
the University o inpurgh.

Who can I contact? " . et
If vou have anv further questions about the studv prior to participating. then please contact the
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lead researcher Dr Ailsa Niven (ailsa.niven@ed.ac.uk).

If you would like to discuss this study with someone independent of the study, or make a complaint
about the study then please contact Dr Fiona O’'Hanlon (Chair of Moray House School of Education

and Sport Ethics Committee (Fiona.O'Hanlon@ed.ac.uk).

3de23 23/04/2021 11:40 a. m.

232



Qualtrics Survey Software https:/fedinburgh eu qualtrics com/Q/EditSection/Blocks/Ajax/GetSurve....

Participant Consent:

In order to complete the questionnaire, please indicate that you provide informed
consent for participation by indicating 'Yes' for each of the following statements. If
you do not consent to participate, then please simply close the questionnaire.

Yes
I confirm that I have read and understood the information provided
about this study (PIS v1 date) O
I have been given the opportunity to consider the information provided,
ask questions, and have had these questions answered to my 0O
satisfaction.

I understand that my participation is entirely voluntary, and that I can
withdraw at any time just by exiting the questionnaire, without giving a e
reason and without my employment or legal rights being affected.

I understand that my anonymised data will be stored securely

throughout the duration of the project, then permanently in a publically

available dataset, and may be used in future ethically approved O
research.

I understand that if I provide my email address (and I may choose not

to provide my email address), then it will be stored separately from the

research data for the purpose of entry into the prize draw and/or to be O
potentially contacted for future research

I understand that if I complete and submit the survey, I cannot have my
responses removed at a later date. O

I understand that relevant sections of my data collected during the

study may be looked at by individuals from the Sponsor (University of

Edinburgh), where it is relevant to my taking part in this research. I give O
permission for these individuals to have access to my data

I agree to take part in the above study O

SECTION 1: Demographic information and working from home set-up

4 de 23 23/04/2021 11:40 a. m.
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SECTION 1: Demographic information

Please answer the following demographic questions so that we can understand more about who the
research participants are:

How old are you?
O 18-30

O 31490

O 41-50

O 51-60

O 61+

Do you self-identify as:

Male Female Non-binary / third Prefer not to say
O e} gender o
O

What is your ethnic group? (NB - we are using the high level categories from the 2022 Scottish
Census)

O African, Scottish African or British African
(O Asian, Scottish Asian or British Asian

(O Caribbean or Black

(O Mixed or multiple ethnic groups

O White

(O Other ethnic group

(O Prefer not to say

If you selected other ethnic group, please specify your ethnic group (please leave blank if you

5de23 23/04/2021 11:40 a. m.
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prefer not to say)

What is your approximate height (em)? (please leave blank if you prefer not to say)

What is your approximate weight (kilograms)? (please leave blank if you prefer not to say)

Da you have any physical condition(s) that prevents you from being able to stand for 15 minutes
@) Yes

O No

O Prefer not to say

Ifyou are happy to, please provide brief details on the condition that prevents your from
standing (e.g., lower back issue from previous occupation):

6 de 23 23/04/2021 11:40 a. m.
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How would you classify your job type?
O Professional services
O Academic
O Technician
O Other
(O Prefer not to say

If 'other’ please specify your job type

https:/fedinburgh eu qualtrics com/Q/EditSection/Blocks/Ajax/GetSurve....

Do you work full or part-time?
O Full-time (1.0 FTE)
O Part-time (= 0.6 FTE)
(O Part-time (< 0.6 FTE)

How long have you worked at the University?
O less than 1 year
O 1-10 years
O 11-20 years
O 20+ years

Tde 23
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For how long has ‘working from home’ been your main mode of working?

Years [ |
Months [ |

Has the last 7 days been a normal working week for you?
O Yes

(O No (due to annual leave/ illness/ other)

Have you had the opportunity to complete the Cardinus Home Working (remote working)
training package offered via the Health and Safety Department web site?

O Yes
O No

(O Iwasunaware of this training package

SECTION 2z — How much do we sit?

SECTION 2 - How much do we sit whilst working at home?

The next series of questions ask about your sitting and physical activity behaviour during working
time, and at other points during the week. If questions refer to ‘at work’ please view this as
during your working hours. There are some questions that are similar, but please answer
them all. We are aiming to identify which question set best captures the behaviour of interest.

How many hours did you work in the last 7 days? (please report using numbers e.g., 35)

[ J

23/04/2021 11:40 a. m.
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During the last 7 days, how many days did you work ?

O,
O
% &
O 4
Os
Os
Q.7

The next question asks you to consider what percentage of your working day is made up of sitting,
standing, walking, and heavy labour activities. Please review the example before completing.

Example:

Jane is an administrative officer. Her work day involves working on her computer at her desk,
answering the phone, filing documents, photocopying, and some walking around the office. Jane
would deseribe a typical work day in the last 7 days like this:

[sitting (including driving) = 90%
Standing =5%
Walking = 5%
Heavy labour or physically demanding tasks = 0%
Total = 100%

23/04/2021 11:40 a. m.
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10 de 23

How would you describe your typical WORKING day in the last 7 days? (This involves only your
work day, and does not include travel to and from work, or what you did in your leisure time)
Please choose a percentage for each activity. All activities must sum up to 100%.

% Sitting (including driving for work activities) E

% Standing E
% Walking

% Heavy labour or physically demanding tasks E

Total EI

During the last 7 days, (on average) how much time did you usually spend sitting at work on a
single weekday?

Total hours | |

Total minutes I |

In the last 7 days, (on average) how many breaks from sitting did you take per hour, while at
work? This could include standing, stretching, taking a short walk. Do not count lunch or tea
breaks.

On average, how long were these breaks?

Minutes [

During the last 7 days, please estimate how much time you usually spend SITTING in each of the
Jfollowing activities on a WORKING day and a NON-WORKING day.

23/04/2021 11:40 a. m.
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For transport (e.g. in car, bus,
train, etc)

At work (e.g. sitting at a desk or
using a computer)

Watching TV

Using a computer at home (e.g.
email, games, information,
chatting)

Other leisure activities (e.g.
listening to music, reading, arts
and crafts, socialising, but NOT
including TV or computer use)

https:/fedinburgh eu qualtrics com/Q/EditSection/Blocks/Ajax/GetSurve....

Working day

Hours

U oodd
J oot

Minutes

SECTION 3 — What influences our ability to reduce our sitting time?

Non-working day

Hours

Minutes

l

|

|

SECTION 3 - What influences our ability to reduce our sitting time?

23/04/2021 11:40 a. m.
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Please rate your ability and willingness to reduce the time you spend sitting whilst
working from home.

On a scale from o (strongly disagree) to 10 (strongly agree)

I have the PHYSICAL opportunity to reduce the time I spend sitting whilst working
from home (e.g., sufficient time, equipment, space, reminders)

T have the SOCIAL opportunity to reduce the time I spend sitting whilst working
from home (e.g., support from people I live with, friends, family, work colleagues)

Tam MOTIVATED to reduce the time I spend sitting whilst working from home
(e.g., T have the desire to, I feel the need to)

Reducing the time I spend sitting whilst working from home is something that I do
AUTOMATICALLY (e.g., reducing sitting time is something I do before I realise I
am doing it)

T am PHYSICALLY able to reduce the time I spend sitting whilst working from
home (e.g., I have sufficient physical stamina, I can overcome disability, I have
sufficient physical skills)

I am PSYCHOLOGICALLY able to reduce the time I spend sitting whilst working
from home (e.g., having the ability to engage in appropriate memory, attention
and decision making processes — such as noticing I've been sitting for some time
and remember to reduce sitting)

T have the KNOWLEDGE to reduce the time I spend sitting whilst working from
home (e.g., know how to prompt a change in sitting)

Please feel free to add any other comments related to your ability and willingness to reduce your
time spent sitting whilst working from home?

I |

SECTION 4: Have you been experiencing pain and discomfort?

SECTION 4: Pain and discomfort. Cornell Musculoskeletal Discomfort Questionnaire
(CMDQ).

ge next set of questions are looking to explore musculoskeletal pain and discomfort in the past 7
VS,

Please take the following images as a reference to answer the questions below.

12 de 23 23/04/2021 11:40 a. m.
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The diagram below shows the approximate
pozition of the body parts referrad to in the
questionnaire. Please answer by marking
the appropnate box.

Neck

Shouldsr (Raght)
(Left)

Upper Back

Upper Armm  (Right)
(Left)

Lower Back

Forearm (Righr)
(Left)

Wrist (Rught)
(Left)

Hip/Buttocks

Thigh (Raght)
(Left)

Knee (Raght)
(Left)

Lower Leg  (Right)
(Left)

https:/fedinburgh eu qualtrics com/Q/EditSection/Blocks/Ajax/GetSurve....

The diagram below shows the approximate
position of the body parts referred to in the
questionnaire. Please answer by marking
the appropriate box.

Shoulder (Raght)
(Left)

Upper Back

Upper Arm (Raghr)
(Left)

Lower Back

Forearm (Right)

(Left)
Winst (Raght)
(Left)
Hip Buttocks
Thigh (Right)
(Left)
Knee (Raght)
(Left)

Lower Leg  (Raght)
(Left)

Please read the instructions carefully (note if you are using a phone, please scroll across).

- Tick one answer for each question (1,2,3) if relevant.

- If you select one or more body areas in question 1, please continue to questions 2 and 3. Answer
questions 2 and 3 considering the body areas marked in question 1. Please select the forward'

arrow button when you finish.

- If you mark 'Never' in all the options provided in question 1, please skip to the next section by

selecting the forward' button.

23/04/2021 11:40 a. m.
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Neck

Right
shoulder

Left shoulder
Upper back

Right upper
arm

Left upper
arm

Lower back

Right
forearm

Left forearm
Right wrist
Left wrist
Hip/buttocks
Right thigh
Left thigh
Right knee
Left knee
Right lower

SECTION 5 — The Warwick and Edinburgh Mental Well-Being Scale (WEMWEBS)

1. During the last week of work

how often did you experience ache,
pain, discomfort in:

Never

D 00O 0CUEO0 Q008 DQOQ O

1-2
times

0 00000 QUEU00 ORY QOO QD

g

€ OO0 Q0 OOQ 0 O

gch

O 0 00000000000 000 OO &if

Several
times
every

day

O

O QRORO0000 Q. O OO0

2. If you experienced

D D000 900 Q908 O

0 G000 Q00 OOl O

ache, pain, discomfort,
how uncomfortable was
this?

Slightly Moderately Very

0 O00000C0COOOCO0 O00O0O0

https:/fedinburgh eu qualtrics com/Q/EditSection/Blocks/Ajax/GetSurve....

3. If you experience
pain, discomfort, ¢
interfere with your

Not

to work?

at Slightly Subsi
all

0 DRCO0D0a0 OO0 0 CO00 O

O

0 QOO0 D0O0D0 O OO0 0

SECTION 5 - The Warwick and Edinburgh Mental Well-Being Scale (WEMWES)

23/04/2021 11:40 a. m.
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Below are some statements about feelings and thoughts.

Please tick the box that best describes your experience of each over the last 2 weeks.

I've been feeling
optimistic about the
future

I've been feeling useful

I've been feeling
relaxed

I've been feeling
interested in other
people

I've had energy to
spare

I've been dealing with
problems well

I've been thinking
clearly

I've been feeling good
about myself

I've been feeling close
to other people

I've been feeling
confident

I've been able to make
up my own mind
about things

I've been feeling loved

I've been interested in
new things

I've been feeling
cheerful

None of the
time

O

G 0 Q9 @ 00 9 O o O

Rarely

O

C 00 Q D000 OO0 0 9 00

Some of the
time

®)

000 OO0 000 O a0

Often

o0 OO0 B O @ 00

All of the
time

O

G 00 B DO O Q0 Q0 O 09
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The Warwick-Edinburgh Wellbeing Scale or [WEMWBS] was developed by the University of Warwick
in conjunction with NHS Health Scotland, University of Edinburgh and the University of Leeds
B University of Warwick, 2006, all rights reserved

SECTION 6: Work & Well-being Survey (UWES) ©
SECTION 6: Work & Well-Being Survey (UWES) ©

© Schaufeli & Bakker (2003)

The following o statements are about how you feel at work. Please read each statement carefully
and decide if you ever feel this way about your job. If you have never had this feeling, select the ‘0’
(zero) from the dropdown list. If you have had this feeling, indicate how often you feel it by
selecting the appropriate number (from 1 to 6) from the dropdown list that best describes how

frequently you feel that way.
1. At my work, I feel bursting with energy | = |
2. At my job, I feel strong and vigorous | = |
4.1 am enthusiastic about my job I = |
4. My job inspires me | 7 |

5. When I get up in the morning, I feel like going to

work I il |
6. I feel happy when I am working intensely | = |
7.1 am proud of the work that I do | -]
8.1 am immersed in my work | = |
9. I get carried away when I am working | 7 |

SECTION 7: Working from home facilities

16 de 23 23/04/2021 11:40 a. m.
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SECTION 7: Working from home facilities

The following questions are related to your work space at home. If you cannot find an option that
describes your settings accurately use the 'Other’ box to deseribe in your own words.

Where do you work at home? (please select all that are applicable)

O 1n 2 home office
[J In a spare room adapted for working

[J In another room that is also used for non-work activities (e.g., kitchen, bedroom)
[ Other

Ifyou selected other, please provide further details of where you work at home:

| |

What type of computer device do you use at home? Mark as many as you need.

O Desktop workstation (including monitor, keyboard and mouse)

[J Laptop workstation (including mouse) connected to an external monitor
[J Laptop (no mouse or external keyboard)

[ Laptop with mouse

[J Laptop with external keyboard

O JOther

23/04/2021 11:40 a. m.
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How many monitors do you use at home? Please mark one option.
O, monitor

(O 2 monitors

O Jother

What type of work surface do you use for working at home? Mark one option or use the 'Other' box
to specify if you use more than one type of desk.

O Sitting desk

O standing desk

O sitting table (i.e. dinner table)
O | [Other

The next questions are related specifically to your primary chair settings while working from
home (i.e., where you spend most of your time sitting). Please use the images as reference.

18 de 23 23/04/2021 11:40 a. m.
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Mark as many as you need to describe your chair height.
O Kneesat 90° angle
el

&

[ Knee angle less than 90°

|

b5

-

[J Knee angle greater than 9o°

_‘\—‘1'.'
i

b =

[J Feet do not touch the floor

A

=]

[[] Insufficient space under desk, which does not allow to cross your legs.

[ o] e

[J Non-adjustable height

https:/fedinburgh eu qualtrics com/Q/EditSection/Blocks/Ajax/GetSurve....
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Please mark as many as you need to deseribe your seat depth.

O Approximately 3 inches of space between knee and edge of seat

[ Less t\han 3 inches of space between knee and edge of seat

[J More than 3 inches of space between knee and edge of seat

[J Non-adjustable seat depth

20de 23 23/04/2021 11:40 a. m.
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Please mark as many as you need to deseribe your chair armrests.
O Ewows supported in line with shoulders, relaxed shoulders

[J Armrests either too high (shoulders shrugged), or too low (arms unsupported)
[J No armrests

[] Hard or damaged armrests surface

e

[J Armrests are placed too wide

[J Non-adjustable armrests

21de23
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Please mark as many as you need to describe your chair back support.
O Lumbar support - Chair reclined between 95°-110° angle

o

[J No lumbar support, or lumbar support is not positioned in lumbar area

L

[ Back angle is far back (greater than 110° angle) or too forward (less than 95° angle)

i

[J No back support or leaning forward working position

Q

)

g

[] Work surface is too high (shoulders shrugged)

pe

[J Non-adjustable back rest

22de23 23/04/2021 11:40 a. m.
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Block g

SECTION 8: Anything else?

If there is anything else you would like to tell us about your experience of sitting whilst working
from home, please do so below:

| |

Block 10

Thank you for taking the time to complete this questionnaire.

As a token of our appreciation for your participation, if you would like to be entered into the prize
draw for one of five £50 Amazon vouchers then please add your email address below. This
information will be stored separately from the responses to the questionnaire:

If you would like to be contacted about participating in future studies in this research area of
sitting behaviour and working at home, please add your email address below. This information
will be stored separately from the responses to the questionnaire.

Powered by Qualtrics
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THE UNIVERSITY of EDINBURGH R"“m&d‘;"g ""’"‘P;";dm

Moray House School of The U e Tas
Education and Sport Ednbach 18 BAG

DD +44 (0)131 651 4848
S/B +44 (0)131 650 1000

www.ed.ac.uk

Ref: ECOR09092021

Eva CORAL ALMEIDA
Moray House School of Education and Sport

Date: 04™ November 2021

Dear Eva,

Title: Barriers and facilitators to break up sitting time in office workers with musculoskeletal
symptoms currently working from home

The School of Education and Sport Ethics Sub-Committee has now considered your request
for ethical approval for the studies detailed in the above application.

This is to confirm that the Sub-Committee is happy to approve your application and that the
research meets the School Ethics Approval criterion for this particular project. A standard
condition of this ethical approval is that should any amendment, or deviation from the
original protocol outlined in your application need to be made to carry out or continue your
research, please notify the Ethics Sub-Committee at MHSES-Ethics@ed.ac.uk

The Committee also needs to be notified if there are any unexpected results or events once
the research is underway that raise questions about the safety of the research.

Should you receive any formal complaints relating to the study you should notify the MHSE
Ethics Committee immediately by email to MHSES-Ethics@ed.ac.uk

Yours sincerely,

On behalf of:
Dr Fiona O’'Hanlon
Director of Ethics

The Universtty of Edinburgh Is a chantatie body, registered In Scotand, wih registration number SCO0S336
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WORKING
FROM HOME?

Are you currently experiencing
., musculoskeletal pain or discomfort?

We are looking for:

University of What will you
Edinburgh staff: participation Gontact information:
involve? If you wish to obtain more
Aged 18 to 64 years old. " You will have to fill out a information about this study,
screening questionnaire to please contact me at:
Carrying out work at a determine your study eva.coral@ed.ac.uk, or scan
desk with frequent participation. the QR code below.
computer use
(professional, academic, « If you fit the criteria, you Thank you for your
secretarial, management will be invited to attend attention!!
and others). to an online interview
through Microsoft Teams.
+/ Working from home (over The interview will last
50% of working week). around 45 - 50 minutes.

With musculoskeletal pain ~ «/ In the interview, we will

./ ordiscomfortin one or discuss topics related to
more area (i.e. neck pain, your musculoskeletal pain
back pain) and discomfort, as well as

what factors influence
your sitting time and
breaks from sitting while
working from home.
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INFORMATION SHEET
Project title: Factors influencing breaking up sitting time in office workers with

musculoskeletal symptoms while working from home.

You are being invited to take part in this research. Before you decide to take part, it
is important that you understand why the research is being conducted and what it

will involve. Please take time to read the following information carefully.

What is the purpose of this research?

Working from home became the most frequent work setting for office workers since
the COVID-19 pandemic. However, it has been indicated that nowadays office
workers are engaging in hybrid working, both attending to the office and work from
home. Literature suggests that working from home has meant that office workers
increase their sitting time, and consequently this has translated into the development
musculoskeletal symptoms (pain and discomfort). Office workers with
musculoskeletal symptoms such as pain and discomfort tend to sit for longer periods
(and take fewer breaks from sitting) than people without symptoms breaks from
sitting. Due to this, this research aims to understand what factors influence breaking
up sitting time while working from home in office workers with musculoskeletal

symptoms.

Can | participate?

You can take part in this research if you are:
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- Anadult aged 18-64?
- An office worker (professional, academic, secretarial, management, and others)
working from home (50% of working week), and with frequent computer use (4-hours
or over), desktop or laptop use.

- Have musculoskeletal pain or discomfort in one or more area.

You should not take part in this study if you:

- Do not carry out office work.

- If you are not able to WFH most of the week.

- If you have any reason (such as mobility problems) that prevent you from

interrupting sitting time.

If you meet the requirements, you are invited to take part of this study.

So, what will happen if you take part in this study?

If you agree to participate in this study this is what will happen. A link to a screening
guestionnaire to examine your pain and discomfort will be sent to you by email. After
guestionnaire completion, the lead researcher (myself) will examine your responses,
and if you fulfil the inclusion criteria, you will receive an email confirming your
participation in this study. If you do not fulfil the inclusion criteria your questionnaire

responses will be deleted.

You will be asked to attend an online interview with the lead researcher. The
interview will be semi-structured and will last around 45 — 50 minutes. These
interviews will be scheduled at your convenience, and they will be carried out
through an online platform (Microsoft Teams). In the interview, we will discuss topics
related to your musculoskeletal pain and discomfort, as well as what factors

influencing your sitting time and breaks from sitting while working from home.
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The interview will be recorded through the online platform, and the recordings will
be stored in a University of Edinburgh online storage (One Drive). All data collected
will be used to inform a PhD thesis, and other research outputs (e.g., conferences,

journal publications).

Do | need to take part in this study?

Your participation in this study is entirely voluntary. If you wish to withdraw from this
study, you can do so at any time without providing any reason, and just by expressing
your wish of withdrawal. Please note that your data may be used in the production
of formal research outputs (e.g. journal articles, conference papers, theses and
reports) prior to your withdrawal and so you are advised to contact the research team

at the earliest opportunity should you wish to withdraw from the study.

What are the potential risks of taking part in this study?

There are no risks associated to this research.

Are there possible benefits for me if | take part of the research?

You will contribute to novel research related to sedentary behaviour, breaks from
sitting, and musculoskeletal disorders while working from home. Also, you may
benefit from discussing your sitting behaviour, and make positive changes. The
collected information will be used to tailor an intervention aiming to reduce sitting

time in people with musculoskeletal symptoms while working from home.

How is my data used?

The overall findings will be used to inform the lead researcher’s PhD thesis. The study

report will be written in a way that no one can work out that you took part in the

study. Additionally, results from this study may be published in a scientific journal
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and presented at research conferences. All data will be destroyed after the lead
researcher (myself) graduates or after the data have fulfilled publication purposes.
Collected datasets may be accessed by other researchers as an open access data.
However, this would be only through correspondence with myself and by reasonable

request, and your data would be still anonymised.

How is my privacy protected?

A participant number will be assigned to you and data describing you (age, gender,
type of contract, household) will be stored separately to your interview transcription.
Your consent information will be also kept separately from your responses in order
to minimise risk.

Ethics approval

This study has been reviewed and approved by the Moray House School of Education

and Sport Ethics committee at the University of Edinburgh.

Where can | get more information?

Eva Coral-Almeida at the University of Edinburgh is leading this research as part of
their PhD studies. If you require for more information about this research, please

contact Eva at You can also contact my main supervisor Dr Ailsa

Niven at , if you have further enquiries.
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Appendix 6. Online consent form for study 3

PARTICIPANTS CONSENT FORM

Study Title: Factors influencing breaking up sitting time in office workers with
musculoskeletal symptoms while working from home
Researcher’s name and contact details: Eva Coral-Almeida,

Participant’s name:

1. I confirm that | have read and understood the participants’
information sheet for the above study.

2. | have been given the opportunity to consider the information
provided, ask questions, and have had these questions answered

to my satisfaction.

3. l understand that my participation is voluntary and that | can
withdraw from the study at any time without giving a reason.

4. | understand that my anonymised data will be stored as detailed
in the participants’ information sheet.

5. l understand that the questionnaires filled out before my
interview are for participant screening purposes, and if | do not

pass the criteria my data will be discarded.

6. | understand that my anonymised data may be made open
access (upon request) to other researchers.

7.1 agree to my interview being video recorded.

8. By ticking this box, | agree to take part in the above study. |
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Appendix 6. Interview scheduled for study 3

INTRODUCTION AND DESCRIPTIVE DATA

Question

Prompt/Elaboration

Why? (Rationale)

Thank you for agreeing to being
interviewed as a part of this
study. As mentioned on the
information sheet we are going
to discuss your sitting time,
breaks from sitting and your
pain and discomfort. The
interview should last around
45-50 minutes. Before we start,
do you have any question for
me?

Introductory remarks

- What is your age?

Descriptive
characteristics

your work activities
while working at
home?

1. Tell me a bit more Prompt: Is this an academic role? |Job context
about your job. What
do you do?

2. When did you start this
job? (time working for
the university)

3. Areyou working part  [Prompt: Does this vary or is
time or full time? consistent? Do you also work at

4. Currently how many |an office?
days do your work from|Prompt. Are there
home? advantages/disadvantages when

5. What have made you |compared to the office?
choose to work from
home for the majority
of the week?

6. Please tell me what Prompt: Or do you share your Personal/Household
your workspace is like |[workspace with someone else? [context
when you are working
at home?

7. Where do you carry out|Prompt: Do you have another

workspace?
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In a normal weekday,
how many hours
approximately do you
spend sitting for work?
Approximately, how
many breaks from
sitting do you take per
hour?

Sitting time and breaks
from sitting

10.

Thanks for completing
the screening
questionnaire — You
marked these areas in
your screening
questionnaire (mention
areas/share
questionnaire). Can you
tell me a bit more
about your current
discomfort?

Prompt: How long have you have
pain and discomfort?

Follow-up: Is there any area that
was not marked at your
guestionnaire where you feel
pain now?

Musculoskeletal
symptoms

INTERVIEW SCHEDULE RELATED TO COM-B AND TDFS COMPONENTS.

COM-B TDF Question Prompt/Elaboration
components
Psychological [Knowledge 11. What is your
capability understanding about
prolonged sitting?

12. Are you aware of any|Prompt. Guidelines? Chief
expert advice on Medical Officer?
managing sitting
time?

13. Are you aware of any|Prompt. Have you heard
health consequences|about breaks from
from too much sitting? What is your
sitting? understanding of breaks

14. How do you think  [from sitting?
sitting time could be
reduced in a working
environment?

Reflective Beliefs about 15. What effects do you |Prompt: What would be a
motivation consequences think taking breaks |positive/negative effect?
from sitting time has
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16.

on your pain and
discomfort?

Do you feel that
reducing your sitting
will reflect onto your
pain and
discomfort?

Prompt: Tell me more
about it. Would this
reflect positively or
negatively?

Reflective
motivation

Social/Professional
role and identity

17.

18.

To what extent do
you think sitting time
is part of your role at
work?

And, to what extent
breaking up your
sitting time would
affect your role?

Psychological

Memory, attention

19.

What are the main

Prompt. What type of

capability and decision differences that you |breaks do you take at the
processes have noticed office? What about
between sitting time [breaks at home?
at the office and
sitting time while
working from
home?
20. How do your breaks
at home differ from
breaks in the
office?
Psychological [Behavioural 21. Do you have a Prompt: If you do, what
capability regulation system or strategy tolare these strategies? If
monitor your sitting |you don’t, what
time and breaks system/strategy would
from sitting while  |you think would be useful
working at home? |to keep track of your
sitting/breaks?
Physical Physical Skills 22. Inrelation to your  [Prompt: Could you
capability pain and discomfort. |elaborate on this?
Could you tell me to
what extent do you
feel physically able
to interrupt your
sitting time?
Automatic Emotion 23. How do you think  |[Prompt. Now, to what
motivation your mood (e.g., extent do you think your

feeling happy,
stressed, low) during

mood is influenced by
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the day influences
your sitting?

your pain and
discomfort?

Social
opportunity

Social influences

24.

25.

Is there anybody in
your household that
influences your
sitting time and
breaks from sitting
while working from
home?

What about your
work bosses, do they
have any influence
on breaking up your
sitting time?

Prompt. How do they
influence you?

Reflective
motivation

Belief about
capabilities

26.

How confident do
you feel to break up
your sitting time
while you work from
home?

Prompt: does time
influences this decision?

Physical
opportunity

Environmental
context and
resources

27.

28.

Regarding to sitting
time, what
challenges have you
come across while
working from
home?

What resources
would make it easier
for you to take more
regular breaks from
sitting while working
from home?

Prompt. What about
advantages?

Prompt: Could you
mention a resource that
you think will facilitate
this?

Social
opportunity

Reinforcement

29.

What would be an
incentive for you to
break up your sitting
while working from
home?

Reflective
motivation

Goals and
Intentions

30.

Are there any
specific goals that
you would like to
accomplish
regarding your
sitting while working
from home?

Prompt. What kind of
steps would you follow to
reduce your sitting? What
would be helpful?
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31.

Do you anticipate
increasing your
breaks from sitting g
at home?

Reflective
motivation

Optimism

32.

To what extent do
you feel confident to
continue breaking up
your sitting time
while working at
home?

Final question

33.

Is there anything
else you would like
to add?
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Appendix 7. Framework method matrix for study 3
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