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Does breaking up sitting in office-based settings
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Abstract: Sedentary behavior at work contributes to detrimental cognitive outcomes (e.g., decreases
in attention). The length of time that cognitive performance benefits are sustained following bouts
of breaking up sitting (e.g., using sit-stand desks or walking) is not known. A narrative review of the
literature was conducted using a systematic search strategy, with keywords related to breaking up
sitting interventions in office-based environments and cognitive performance outcomes in the period
immediately post the cessation of the breaking up sitting intervention. Three types of office-based
breaking up sitting interventions were identified; 1) sit-stand desks, 2) walking desks and 3) cycling
desks. From the eight studies which met the criteria, the impacts of these interventions on cognitive
performance outcomes were mixed, with significant benefits in some studies and others reporting no
benefit. Of the cognitive domains assessed, working memory, attention, and psychomotor function
showed significant sustained improvement for up to 30 minutes post intervention. While there are
benefits to a key set of cognitive performance domains following breaking up sitting interventions
in office-based settings, no studies have evaluated whether benefits to cognitive performance
persist for longer than 30 minutes after the breaking up sitting intervention. Furthermore, specific
applications of these cognitive benefits to tasks outside of work (e.g., driving home from work) are
unknown.
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Introduction

Sedentary behaviors typically involve sitting, reclining
or lying (e.g., computer activities, driving a vehicle, watch-
ing television), and are associated with a metabolic expen-
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diture score (MET) that does not exceed 1.5 MET"?. Evi-
dence has built over recent years pointing to detrimental
impacts of sedentary behavior on physical health (e.g., car-
diometabolic and musculoskeletal) and cognitive perfor-
mance (e.g., attention and concentration)®>®. Office work-
ers are particularly susceptible to long periods of sedentary
behavior due to prolonged periods of sitting throughout the
day* 39, with Australian office workers spending between
62%—82% of their working day engaged in sedentary be-
haviors”. Further, 23% of adults across the globe do not
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meet the amount of physical activity recommended by the
World Health Organization. Prolonged sitting is associated
with impairments to cardiometabolic health and increased
mortality>®, and low levels of physical activity cost $A1.6
billion annually in healthcare and lost productivity”. Re-
ducing prolonged sitting, while also increasing physical
activity, can therefore benefit global industries from both a
health and economic standpoint' 1.

A current consideration for worker wellbeing and health
is the COVID-19 global pandemic, which has changed the
working environment for many workers and industries'"'¥.
A recent study showed that transitioning to a ‘work from
home’ model is associated with greater sedentary time'?. In
addition, workers who transitioned from an external work-
ing environment to working from home, spent less time
being physically active, and more time engaged in uninter-
rupted sedentary behaviors'¥. Recent studies such as these
raise additional concerns for the health and wellbeing of
already sedentary workers, further highlighting the need
for understanding how workers may decrease their seden-
tary time.

Workers can increase their physical activity during the
workday and reduce prolonged periods of sitting (i.e., re-
ducing total sedentary time) by ‘breaking up sitting’ (also
known as ‘interrupting sitting’) with physical activity'>'?.
Several office-based interventions designed by employers,
ergonomists, and occupational therapists have been pro-
posed to combat sedentary behaviors in the workplace by
encouraging workers to break up their sitting. These in-
clude sit-stand desks® '® 18 walking desks'2” and cycle
desks?"-2?, In addition to the potential improvements to the
physical health of workers, such as reducing lower back
pain and improving musculoskeletal health, these interven-
tions also have the potential to improve cognitive perfor-
mance'® 2.

The term cognitive performance is broadly used to cover
a range of cognitive functions. While there is some consis-
tency in measures assessed in the breaking up sitting litera-
ture, including attention'” and working memory?", the term
used to describe the broader suite of measures varies. Terms
include cognitive health, cognitive function or functioning,
cognitive benefits, cognitive performance, cognitive ability
or abilities, cognitive parameters, cognitive skills, cogni-
tive improvements and cognitive workload. For the pur-
pose of this review, the term ‘cognitive performance’ will
be used to encapsulate the broad range of cognitive func-
tions.

Improvements in cognitive performance may have addi-
tional benefits for workers including increased productivity
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and safety whilst on-shift, and possibly even post-shift.
Many studies have focused on the cognitive performance
impacts of breaking up sitting whilst working, such as com-
pleting a cognitive test at the same time as pedalling on an
ergometer'® 18 2022 Additionally, other studies have ex-
plored how greater sedentary time has also been associated
with increases in cognitive performance in certain cogni-
tive sub-domains®. However, most studies including those
which have explored sedentary time, have not investigated
the persistent effects on cognitive performance post-cessa-
tion of breaking up sitting. This is important because cog-
nitive performance benefits which last beyond immediate
cessation of the intervention may increase or even improve
performance in other areas such as driving and general at-
tention levels.

This review will focus on studies which assess cognitive
performance after completing a breaking up sitting inter-
vention. The review will also aim to reach a consensus on
the duration of cognitive performance benefits of breaking
up sitting while at work. The three common forms of ac-
tive workstations and active workplace interventions (sit-
stand, walking and cycle desks) used to break-up sitting
will be discussed in relation to cognitive performance out-
comes for office workers. The impact of breaking up sitting
on cognitive performance will be determined (improve-
ment, no change, decrement) as well as the duration of any
reported impacts. The review will conclude with a discus-
sion on the current gaps in the literature and recommend
future directions for breaking up sitting studies in office
workers.

Method

Study selection and literature search strategy

This narrative review utilising a systematic search strat-
egy, included literature that reported interventions in which
breaking up sitting with physical activity was performed in
office-based settings, and the outcome measure was cogni-
tive performance. Systematic reviews have previously been
published on the impact of workplace interventions on
work performance and productivity?-2®. However such re-
views have focused on interventions conducting during
testing and have not explored the length of cognitive ef-
fects. This review will focus only on studies which have
measured cognitive performance after a designated physi-
cal activity intervention in office or office simulated envi-
ronments. The source articles were determined using a sys-
tematic search strategy of databases including PubMed,
EBSCO Host and Science Direct. English-language articles
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published between January 1980 and December 2020 were
included. Relevant articles were identified by scanning ab-
stracts and titles for the selected keywords that were break-
ing up sitting, physical activity, sit-stand, cycle desks, cycle
ergometer, treadmill desks, walking desks, alternative
workstations, workstation, alertness, cognitive perfor-
mance, cognitive function, cognitive benefits, office work-
ers, interrupting sitting, sedentary behavior, prolonged sit-
ting and sedentary workers. To reduce the possibility of
non-indexed studies being missed, reference lists from in-
cluded source articles were searched and forward citation
tracking procedures were used. The full texts of all source
articles were retrieved and information from these articles
was synthesised and critically evaluated.

Source articles were required to meet the following crite-
ria for inclusion, 1) Full original research article published
in a peer-reviewed journal; 2) Article must include an inter-
vention where periods of sitting are broken up with physi-
cal activity; 3) Cognitive performance assessed through
cognitive testing post-cessation (e.g., cognitive testing ad-
ministered after participants completed a walk on a tread-
mill) 4) Interventions conducted either in workplaces with
office workers, in a simulated office environment with vol-
unteer research participants, or in a laboratory environment
with a control group. 5) Cognitive performance outcomes
were defined as assessment or testing of the following cog-
nitive domains; learning and memory, executive function,
motor performance/function, perception, language and ver-
bal skills, processing speed and attention 6) quantitative
studies were include (e.g., randomised control trials, cross-
over trials and pre-post study design), however qualitative
studies were excluded. Source articles were excluded if
they met the following criteria: 1) Evaluated cognitive per-
formance during intervention (e.g., whilst walking on a
treadmill). 2) Assessed cognitive performance in a popula-
tion other than office workers or in a non-sedentary simu-
lated research environment. 3) The full text was unavail-
able. 4) The abstract and/or full text was not published in
English. 5) Studies recruited adolescent (<18 years of age)
or elderly participants (>75 years of age). 6) Studies includ-
ed participants with neurological disorders, cognitive de-
cline or impaired cognitive functioning (e.g., epilepsy, de-
pression or stroke).

Results

Of the studies reviewed, eight met the criteria and were
included in the final review. Three types of office-based in-
terventions for breaking up sitting were examined in in-
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cluded studies; sit-stand interventions, walking interven-
tions and cycle desk interventions. Findings are presented
by each type of intervention and discussed in context of the
wider literature. The characteristics of the breaking up sit-
ting intervention in each study are described using the FITT
principle: Frequency, Intensity, Time and Type (Table 1)*7.

Sit-stand interventions

Over recent years workplaces have begun to explore al-
ternate office designs and environments to help combat the
adverse health impacts associated with prolonged seden-
tary time'® 39, One such way active workstations have
changed the office environment is through the use of sit-
stand desks. Sit-stand desks are table attachments or com-
plete desks which facilitate the movement of workers be-
tween sitting and standing positions'®. These active
workstations have been commonly adopted in workplaces
due to the practicality (easy to implement and use) and fea-
sibility (lower financial investment) of applying these solu-
tions in an office environment®'3?.

Relatively few studies have investigated the cognitive
performance benefits post-cessation of sit-stand transitions
using a sit-stand desk. One such study investigated cogni-
tive performance post-intervention in four groups who
were randomised into one of the following: standing, tread-
mill, sitting, and walking?). Cognitive performance was
assessed at two time points during the experimental day
which started at 8:00h and ended at 16:00h (testing times
were at 9:00h and 13:40h). Participants in the standing con-
dition had greater scores on cognitive performance tests
that assessed psychomotor function, accuracy and atten-
tion, compared to those in the sitting intervention®” The
standing intervention produced similar cognitive improve-
ments in reaction time and accuracy compared to the walk-
ing condition®".

In contrast, a similar study investigating the differences
between sitting and standing in sedentary university work-
ers found no difference between the two conditions in at-
tention, short-term memory and working memory, or motor
processing measured post-intervention®?. This within-sub-
jects experiment allocated participants to two conditions: a
one-hour period of standing using a sit-stand workstation
or sitting daily for five days®". Cognitive tests were admin-
istered once, on the last day of the experiment after cessa-
tion of the intervention (i.e., immediately following the last
sit-stand transition)*). Additionally, a randomised con-
trolled intervention study over a 12-month period assigned
sedentary office-based health workers to one of two condi-
tions: a control group or intervention group who utilised a
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standing desk®. Reaction times 12 months post-interven-
tion were improved for those in the sit-stand intervention®.

Walking interventions

Walking interventions, primarily using a treadmill desk,
appear to be one of the most researched interventions in the
breaking up sitting literature® 3. A majority of walking
desks and workstations feature a height adjustable desk
with a treadmill which is able to slide out from beneath the
desk®. The effectiveness of walking desks was first re-
searched in the 1980s, when the hazardous health implica-
tions of a sedentary lifestyle and new workplace interven-
tions were first being considered®”. The research focused
on the practicalities of introducing walking desks into of-
fice workplaces, and the potential impact on worker perfor-
mance and musculoskeletal complaints®®. Over the years,
this research has expanded to focus on the areas of cogni-
tive performance, cardiometabolic health and obesity?****.

A previously mentioned office-simulated study which
explored the cognitive impacts of breaking up sitting using
a treadmill, found improvements in reaction time and accu-
racy during a detection task compared to participants allo-
cated to a sitting condition®". Participants transitioned from
a seated position to walking on a treadmill desk for an in-
creasing number of minutes every 30 minutes, resulting in
2.5 hours of walking each day?". Cognitive performance
was assessed two times per day and participants in the
walking group demonstrated significant improvements in
measures of reaction times compared to the sitting group??.
However, assessment of other areas of cognition (overall
accuracy for the cognitive test battery) at 09:00h and 13:40h
were not significantly different when compared to the sit-
ting condition?V.

The impact of multiple bouts of walking was investigat-
ed in a laboratory-based study exploring the cognitive im-
pacts of breaking up sitting using a treadmill during the day
in sleep restricted participants (5 h of sleep per 24 h)*.
During a simulated work-day (10:00h—17:00h), partici-
pants were allocated to one of two conditions; sedentary
condition or a breaking up sitting condition®¥. Participants
in the breaking up sitting condition interrupted their sitting
every 30 minutes, for 3 minutes of light-intensity physical
exercise (17 breaks in total) (Fig. 1)*. No significant im-
provements were found in measures of reaction time and
neurobehavioral performance measured immediately after
completing a bout of walking every 2 h (09:05h,11:05h,
13:05h, 15:05h, 17:05h, 19:05h, 21:05h)*>.

Arecent cross-over study investigated the effects on cog-
nition and fatigue levels in women after breaking up sitting
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with short bouts of walking on a treadmill in a simulated
office environment'. Those allocated to the walking con-
dition walked on a treadmill at individualised speeds for 3
minutes every 30 minutes, accumulating 27 minutes of
walking across the day'?. The cognitive tests assessed epi-
sodic memory, working memory, attention and executive
functioning'”. The moderate-intensity physical activity
during the day was found to improve attention and execu-
tive functioning compared to baseline measurements'?.
Cognitive performance testing was assessed immediately
after completing the treadmill breaks, and at 30 minutes
after walking on the treadmill, so it is unknown whether
these improvements extended beyond the last testing bout
(13:00h)™.

Another cross-over study investigated the cognitive ef-
fects of breaking up sitting by walking in obese/overweight
adults in a simulated office environment. Cognitive testing
was assessed immediately following bouts of physical ac-
tivity (baseline, 4 hours and 7 hours)?®. This study conduct-
ed cognitive testing at more time points throughout the day
than previous studies, with the last cognitive test performed
at the end of the simulated work-day®. Additionally, this
study focused on the short-term effects of breaking-up sit-
ting, and thus long-term effects of this intervention type
cannot be inferred from these results¥. No differences were
found between the breaking up sitting condition and seden-
tary condition for cognitive sub-domains of episodic mem-
ory and working memory?.

Cycle desk interventions

The concept of cycling whilst at work is a novel area of
research in the breaking up sitting literature'® 2139, A com-
mon device used to create cycle desks is the cycle ergome-
ter, which is a compact pedal device used to simulate cy-
cling??. Cycling desks provide a unique opportunity to
break up prolonged sitting, whilst reducing a change in
postural positioning when compared to walking desks. A
limited number of studies have investigated the cognitive
impacts of cycle desks in office-based environments. Most
of this research has focused on the practical adaptation of
such devices within the office, as well as the ergonomic and
cognitive effects on worker productivity whilst cycling,
while a small number of studies focused on the cognitive
performance benefits post-cessation?> 2,

One study, discussed above, focused on the cognitive
performance impacts following a bout of cycling?". A cycle
ergometer placed underneath the office desk was used 8
times per work-day for up to 30 minutes, at a speed equiv-
alent to 1.6 km/hr to simulate light-intensity physical activ-
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Fig. 1. Summary of the frequency, intensity and duration utilised in each of the intervention studies discussed in this review.

ity?". The cycle condition in this study demonstrated im-
provement in each of the cognitive domains assessed, as
well as faster reaction times when compared to sitting,
walking and standing. Contrasting results were found in a
cross-over study in which overweight or obese participants
used a stationary bike to break up sitting®”. The breaking up
sitting using cycling was conducted at the beginning and at
the end of the study day (4 h)*”. Cognitive performance
was assessed at two time points across the four days. In
contrast to the previous studies, significant effects were not
found for cognitive performance after breaking up sitting
with cycling®”. Similar to the walking intervention®?, the
study by Wanders et al.>” reported benefits in mood and

other subjective and self-assessed tests*”. This study also
reported lower subjective levels of sleepiness, increased
self-assessed levels of mood (vigour) and lower self-as-
sessed fatigue levels after cycling?).

Discussion

Sit stand interventions

While the studies utilising sit-stand workstations have
demonstrated varied levels of cognitive benefits post-inter-
vention, whether these benefits are short-term or long-term
is difficult to determine due to inconsistencies in cognitive
testing times. The lack of consensus in the literature as to
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how long these benefits last, may be in part due to the var-
ied range of testing points as well as physical activity pa-
rameters included in these studies (Fig. 1). The current lim-
ited literature does not provide varied intervals of cognitive
testing post-cessation of sit-stand interventions, limiting
conclusions which can be drawn as to whether this inter-
vention type could provide cognitive improvements imme-
diately after or at time points across the day. These findings
suggest that postural changes, independent of energy ex-
penditure, may be enough to produce cognitive perfor-
mance benefits for particular areas of cognition?”. The im-
provements in cognitive performance following the use of
sit-stand desks have been restricted to a limited number of
sub-domains of cognition, however other office-based in-
terventions have demonstrated wider benefits to cognition.

Walking interventions

Previous research suggests that greater cognitive perfor-
mance effects are possible for particular cognitive sub-do-
mains if certain physical activity parameters are reached’®.
The current literature suggests that increased walking bouts
across the day, as well as a higher intensity of physical ac-
tivity which cannot be met by simply standing, may be the
key to cognitive performance benefits post intervention.
However, the exact parameters which need to be met in or-
der to produce cognitive benefits after using a walking desk
are not clearly defined. The cognitive performance benefits
reported in the walking intervention studies may result
from a combination of factors such as increased frequency,
higher intensity and longer duration of physical activity
which are not factors in the use of sit-stand desks (Fig. 1).
Of note, the average walking speed used in the walking in-
tervention studies was between 1.6km/hr to 3.2 km/hr to
simulate light-to-moderate physical activity?*>. In con-
trast the study by Chrismas et al.'” used a significantly
higher walking speed of 5.0km/hr. However, the moder-
ate-to-high intensity activity of walking speeds up to
5.0km/hr used in this study, may not be ecologically valid
for a primarily sedentary working population due to cloth-
ing restrictions and varying levels of physical fitness'?. In
addition, it may not be feasible for office workers to leave
their desks every 30 minutes to find a suitable place to go
for a moderate-to-high intensity walk, leading to other
workplace issues such as lack of facilities to shower after
vigorous physical activity. However, low-to-moderate in-
tensity was the most common intensity of physical activity
used in this intervention type (Fig. 1). Therefore, treadmill
desks set to a slow-to-moderate intensity may be the most
feasible and ecologically valid option to break up sitting in
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the office whilst potentially providing cognitive benefits.

Other breaking up sitting interventions such as cycle sta-
tions and cycle desks have produced similar cognitive per-
formance benefits to walking interventions with similar in-
tensity, frequency and timing protocols (See Fig. 1).
Although this type of intervention has demonstrated cogni-
tive performance benefits in a number of cognitive sub-do-
mains, it is unknown how long these benefits last post-ces-
sation of walking on a treadmill desk. As cognitive testing
in the walking intervention studies was limited to 20 min-
utes after a walking bout, the maximum amount of the cog-
nitive benefits last for post-walking is unknown.

Cycling desk interventions

The number of studies which have investigated the cog-
nitive impacts after completing a bout cycling during the
workday remains small. The exact physical activity param-
eters, such as intensity and frequency, which need to be met
to achieve cognitive improvements after using a cycling
desk are yet to be elucidated. This may be due in part to the
inconsistent parameters around frequency, intensity and
timing of cognitive tests used in each study, as demonstrat-
ed in Fig. 1. Compared to other breaking up sitting inter-
vention studies included in this review, one of the cycling
intervention studies broke up sitting less frequently and
over a shorter simulated work-day of 4 h compared to an
average work-day of 8 h in the walking intervention stud-
ies! 213530 Additionally, half of the cycling studies dis-
cussed here implemented a protocol of self-directed cycling
activity across the day with an unregulated duration of
physical activity across the day. Furthermore, half of the
cycling intervention studies recruited overweight partici-
pants which may have impacted the findings due to the car-
diometabolic health implications associated with this popu-
lation®”. In addition, any potential benefits of breaking up
sitting may be mitigated by factors such as fitness level and
health®. Therefore, any general conclusions which can be
drawn from the current literature about how long cognitive
benefits last for after cycling may be limited. In addition, if
cycling desks are found to achieve cognitive benefits which
surpass other active workstations, the question remains
around how feasible these interventions are in a typical of-
fice environment.

Office-based interventions for cognitive performance: fu-
ture directions

Office-based interventions investigating the impact of
breaking up sitting on cognitive performance have yielded
promising results. However, as discussed, the duration of
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cognitive performance improvements has not yet been
characterised. Many of the studies reviewed assess cogni-
tive performance immediately following a bout of physical
activity, but do not measure how long the cognitive perfor-
mance effects last. This is of interest as cognitive perfor-
mance improvements from breaking up sitting interven-
tions may extend beyond the workday and have benefits
outside of the office. Future research should focus on deter-
mining the ideal parameters of breaking up sitting interven-
tions in terms of frequency, intensity, type, and timing of
physical activity to produce optimal cognitive performance
benefits. However, this also needs to be balanced with fea-
sibility issues as greater intensity exercise may produce
cognitive improvements but may not be practicable in all
office environments. With many offices now offering flexi-
ble work-from home arrangements, the ‘typical’ working
environment may look very different in the future!'>'¥,
Therefore, there may be room to further adapt and change
the office environment to accommodate alternate work-sta-
tions to improve mental and physical health. It may be ben-
eficial for future research to investigate how active and al-
ternative workstations may impact the cognition of workers
during the workday. In addition, the ease and adaptability
of adopting these kinds of alternative workstations should
also be further investigated. Additionally, methods by
which office workers are cognitively assessed in their
working environment compared to a controlled laboratory
environment has not been explored in the current literature.
Ambulatory assessments of cognitive function with devic-
es such as smart phones and tablets may be a more ecolog-
ically valid and feasible option for future office-based in-
tervention studies®”. Alternate workstations and cognitive
assessments may not be practical or feasible in certain
workplaces, however this could be different for work from
home employees.

In addition to feasibility, there are several other consider-
ations for future research. For example, physiological fac-
tors such as the role of sleep in office workers has yet to be
thoroughly explored in the breaking up sitting literature*®.
Inadequate sleep is a common issue with 45% of the Aus-
tralian population not obtaining the recommended 7-9
hours of sleep per night*). The annual economic cost of lost
productivity in Australia as a result of inadequate sleep is
estimated at $A 18 billion*?. Similarly, in the United States,
35% of the population are not obtaining 7 hours of sleep
per night*). This is of particular concern for workers as in-
adequate sleep can lead to impairments in cognitive perfor-
mance domains such as working memory and sustained
attention, potentially inhibiting worker performance during
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the day***>. The walking intervention study by Vincent et
al®
caused by inadequate sleep may counteract possible bene-
fits of breaking up sitting. However, subjective alertness
levels were higher for those who broke up sitting compared

suggest that cognitive performance impairment

to prolonged sitting®?, suggesting that although objective
alertness levels were not impacted, people subjectively felt
more alert after breaking-up sitting. This highlights the
need to consider subjective levels of mood as increased
feelings of alertness may lead to increases in other areas
such as productivity.

Additionally other health, job and lifestyle factors such
as job stress, work deadlines and illness may impact the
cognitive performance of workers during the day. These
factors impact how or to what extent active workstations
may confer benefits. Sleep and lifestyle factors are import-
ant avenues for future research as evidence suggests that
sleep restriction and stress can impact cognition and may
counteract any benefits from breaking up sitting during the
day. This is a critical avenue for future research as evidence
suggests that sleep restriction can counteract the benefits of
breaking up sitting®.

Additionally, the cognitive performance impacts of
breaking up sitting during the night for shift-workers, who
are exposed to sleep restriction and circadian disruption,
are also unknown. Almost one-fifth of workers in Europe
work a night shift at least once a month, up to 29% of em-
ployees in the United States work irregular hours (outside
of 06:00—18:00), and there are 1.9 million nightshift work-
ers in Australia*®, indicating a large global population that
needs to be considered*”. As one of the most common is-
sues reported by shift workers is a disturbance to sleep, fu-
ture studies should include varying sleep opportunities and
different timing of shifts (e.g., night and day), in conjunc-
tion with activity conditions (sedentary and breaking up
sitting)*®. The time-of-day cognitive testing takes place
should investigated in future research, as people may be
more likely to perform better during different cycles of
their circadian cycle. This would also be particularly rele-
vant to investigate for shift workers. It is crucial to consider
factors specifically relevant to shift workers, as the effects
of breaking up sitting may vary based on differing physio-
logical processes between day and night Finally, the dura-
tion of the benefits of breaking up sitting on cognitive per-
formance is particularly important when looking at
cognitive tasks carried out by workers beyond the workday,
including the demanding and high-risk task of driving. The
risk of fatigue related accidents as a result of sleepiness is
increased during the commute home compared to other
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times of the day*®. Fatigue may arise due to factors such as
inadequate sleep, being awake for extended periods, as
well as the time of day*”. Worldwide, approximately 20%
of all road traffic accidents indicate fatigue as a contribut-
ing factor*®). In the United States, 16.5% of fatal traffic ac-
cidents and 12.5% of collisions resulting in non-fatal inju-
ries are attributed to fatigue®. Breaking up sitting is
associated with cognitive improvements in the same do-
mains of cognition that are critical for safe driving, includ-
ing, attention, working memory, psychomotor function and
reaction time'® 2D, Therefore, future research should inves-
tigate whether the cognitive performance improvements
after breaking up sitting could extend to the commute
home. To test this, experimental studies are needed to as-
sess cognitive performance across the day at regular inter-
vals between bouts of physical activity, as well as at inter-
vals after cessation of physical activity to determine how
long cognitive effects last after physical activity has ceased.

Musculoskeletal pain experienced by workers may be an
important consideration in future research into breaking up
sitting. Musculoskeletal disorders, which damage the
nerves, muscles, tendons, joints or cartilage, are one of the
most prevalent conditions associated with sedentary office
work®®3Y, The pain and discomfort caused by musculoskel-
etal disorders is often in the neck, shoulders and lower back
due to the amount of time spent in a seated position®". Al-
ternating body positioning though the use of sit-stand desks
may reduce or slow the development of musculoskeletal
pain associated with sedentary work?®. It has also been re-
ported that short-term and long-term pain may adversely
affect cognition, particularly memory and attention®”>? due
to attentional interference”. Therefore, gaining a clearer
understanding of how cognitive performance is affected by
pain and whether physical activity may mitigate this inter-
action, may help to combat cognitive side-effects of pain
experienced by sedentary workers.

The limited data available makes it difficult to draw clear
conclusions regarding frequency, intensity, and duration of
recommended intervention types. The lack of physical ac-
tivity baseline measurements and additional measurement
information available for office-based intervention studies
make comparisons between office and laboratory-based
studies challenging. Further, a majority of the studies in-
cluded in this review are laboratory-based studies are limit-
ed in their applicability to real office-based environments.
A combination of between- and within- subjects studies
were included in this review, however there is not enough
evidence within the current literature to be able to compare
the results at this stage. Half of the studies included in this
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review were between-subjects designs, and were within
both laboratory and office settings. However, the be-
tween-subject study designs reviewed here included more
participants (n=166) than the within-subjects’ studies
(n=90). Future research in this area should focus on with-
in-subject studies in both laboratory and office-based set-
tings in order to reduce potential individual variability. Ad-
ditionally, there was variability in terminology particularly
regarding how ‘breaks’ for both physical activity and sed-
entary breaks were described in the literature. As well, for
both office and laboratory-based studies there was limited
information available describing what participants did
during sedentary breaks. The inconsistent measurement of
sedentary breaks limits the comparability of many of the
studies discussed in this review. A more consistent ap-
proach to terminology for both sedentary and physical ac-
tivity breaks may improve future breaking up sitting re-
search. Although an extensive and systematic search of the
literature was conducted, multiple reviewers were not in-
volved in screening and searching databases, therefore
there may be potential bias in the literature that was select-
ed for inclusion.

Conclusion

The few studies to investigate the effects of breaking up
sitting during the day on cognitive performance in office
workers have produced mixed results regarding the extent
and length of the cognitive benefits. One key point from
this research is that particular cognitive domains, including
working memory and attention, are more susceptible than
others to breaking up sitting during the day. In addition, the
activity type, frequency, duration and intensity of breaking
up sitting appear to be mitigating factors for the strength of
the cognitive benefits. These parameters may be the key to
producing optimal cognitive benefits in general, as well as
cognitive benefits which last beyond 30 minutes post-inter-
vention. Further, balancing breaking up sitting interven-
tions of increased intensity and duration with feasibility
and efficacy in office environments is crucial.

The present review has demonstrated that while there is
potential for breaking up sitting interventions in office en-
vironments to produce cognitive performance benefits un-
der certain conditions, we do not know how long these cog-
This
demonstrated that several studies in the breaking up sitting

nitive performance benefits last. review has
literature have highlighted the cognitive performance ben-
efits of physical activity, however the length of time these
last for is currently unknown. Thus, further research is
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needed to investigate the cognitive performance benefits to

understand both the short-term and long-term effects of

breaking-up sitting via these intervention types.
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