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ABSTRACT

Introduction Greater engagement in sedentary
behaviours has been related to poorer cognitive functions
in epidemiological research. However, the effects of
reducing sedentary behaviour duration on cognitive
function, brain function, and structure remain poorly
understood. This systematic review aims to synthesise the
evidence on the effects of reducing sedentary behaviour
duration by increasing time spent in physical activity

on cognitive function, brain structure and function in
apparently healthy children, adolescents and adults.
Methods and analysis The protocol follows Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses. The literature search will be conducted (search
dates: August—September 2022) across six databases:
PubMed, Scopus, Cumulative Index to Nursing and

Allied Health Literature (via EBSCO Host), PsycINFO (via
ProQuest), SPORTDiscus and Web of Science (Science and
Social Science Citation Index). The inclusion criteria are
as follows: randomised and non-randomised experimental
studies as defined by the Cochrane Handbook, published
in English, in peer-reviewed journals, and as theses

or dissertations. References of included papers will

be screened for additional studies. Acute and chronic
interventions targeting children (> 4 years), adolescents,
younger adults (> 18-40 years), middle-aged (40-64
years) and older adults (65+ years) will be eligible.
Methodological quality will be assessed with the Effective
Public Health Practice Project quality assessment tool for
quantitative studies. Qualitative synthesis will be stratified
by intervention type (acute vs chronic), intervention content
(reducing sedentary time or interrupting prolonged sitting)
and outcome (cognitive, brain structure and function).
Ethics and dissemination No primary data collection
will be conducted as part of this systematic review. Study
findings will be disseminated through peer-reviewed
publications, conference presentations and social media.
PROSPERO registration number CRD42020200998.

INTRODUCTION

Sedentary lifestyles are ubiquitous in
Western countries among adults'™ and chil-
dren alike! 3_5, and this trend remains on

,' Ana Selzer-Ninomiya,? Apurva Nayak,® JJ Pionke,*

STRENGTHS AND LIMITATIONS OF THIS STUDY

= A comprehensive synthesis of acute and chronic ef-
fects of reducing sedentary behaviour duration by
increasing time spent in physical activity on cogni-
tive functions, brain function and structure in appar-
ently healthy adults and children.

= A rigorous systematic review methodology follows
the guidelines of the Preferred Reporting Items
for Systematic Reviews and employs the Effective
Public Health Practice Project quality assessment
tool to evaluate the risk of bias.

= The heterogeneity of cognitive outcomes is ac-
counted for by a structured synthesis based on the
cognitive typology according to the involvement of
controlled processes.

= The generalisability of study results is limited to
healthy children and adults.

the rise.' © Growing evidence suggests that
greater engagement in sedentary behaviours
(e.g., =8hours/day) increases the risk of
mortality,7 ® cardiovascular disease’ and type
2 diabetes.'” Several of these health risks
are distinct from being physically inactive
because accounting for individual differences
in moderate-to-vigorous physical activity
(MVPA) attenuates but does not abolish the
risk in a large proportion of the population.7 8
Sedentary behaviour is defined as any waking
behaviour performed while sitting, reclining
or lying down with low energy expenditure of
<1.5 metabolic equivalents.' It can be broadly
characterised by its duration, context (e.g.,
school or work), and type (e.g., TV viewing vs
computer use).'' ¥ Negative physical health
consequences have been related to seden-
tary behaviour duration.”® Accordingly, the
Human Movement Framework'” has focused
on the compromising health consequences
of sedentary behaviour associated with low
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energy expenditure and the lack of benefits to phys-
ical fitness."* '° While evidence on the adverse physical
health consequences of sedentary behaviour duration is
growing, its effects on cognitive and brain health remain
poorly understood.

Emergent epidemiological and intervention studies
suggest that sedentary behaviour duration is related to
poorer cognitive functions, including fluid intelligence,
short-term rnemory16 and executive functions (EFs) S8 EFs
refer to cognitive processes, which underpin goal-directed
behaviour, and include inhibitory control (the ability to
control distractions and to act on an impulse), working
memory (WM, the ability to hold and manipulate infor-
mation in mind) and setshifting (switching between tasks
and mental sets).'” ' A systematic review of cohort and
case-control studies'” suggested that sedentary behaviour is
related to impaired cognitive functioning and the risk of
dementia among middle-aged and older adults. However,
the causality of the relationship could not be ascertained
due to the observational evidence. At present, it remains
unclear what proportion of negative associations between
sedentary behaviours and cognitive functions could be
explained by passive behaviour duration or type (e.g., cogni-
tively engaging computer use or cognitively passive televi-
sion (TV) viewing).'® Specifically, two out of four reviewed
high-quality studies measured TV viewing as a single indi-
cator of sedentary behaviour.'” However, the associations
between sedentary behaviour and cognitive functions can
vary with the sedentary behaviour type.'® TV viewing (a
cognitively passive behaviour) has been negatively related
to visuospatial and verbal memory, and fluid intelligence. In
contrast, computer use (a cognitively engaging behaviour)
has been positively associated with these cognitive func-
tions.'® A systematic review of experimental studies designed
to reduce the sedentary time (ST) can help complement
previous work by estimating the effect of reducing seden-
tary behaviour duration on cognitive health. Preliminary
experimental findings in children suggest that such reduc-
tion can positively affect EFs. Specifically, reducing sitting
over several weeks by implementing two daily 4-5min PA
breaks at school improved response inhibition (the ability
to inhibit acting on an impulse and an aspect of inhibitory
control), and reductions in inclinometer-measured sitting
fully mediated this effect.”’

Acute experimental studies can provide complementary
evidence on the effects of reducing sedentary behaviour
duration by increasing PA on cognitive functions over
one to several days.”™*® Such studies are often conducted
using a randomised cross-over design in a laboratory setting
where PA dose, energy intake and the type of sedentary
behaviours can be controlled, providing a direct estimate
of reducing ST by increasing PA (e.g., by interrupting
prolonged sitting with short PA bouts) on cognitive func-
tions. For example, substituting an hour of sitting for 30 min
of moderate-intensity PA and frequent (every 30min) but
brief (3min) lightintensity PA breaks improved working
memory in older adults relative to 8-hour sitting.”® Likewise,
interrupting prolonged sitting every hour with 10-30min

light-intensity walking or cycling positively affected working
memory and setshifting in younger overweight adults.**
However, null findings have also been reported.”* * *® Tio
previous systematic reviews found null effects of alternating
sitting with standing or walking to a workstation on EFs in
working-age adults.” * However, both reviews included
acute studies that measured cognitive performance during
standing or PA, compared with during sitting. Thus, their
findings capture cognitive responses to an acute bout of
standing or PA,essential not to reducing sitting with PA.
This is an important distinction because preliminary data
suggest that cognitive function can decline over several
hours of sitting (3-8hours).*® *' Accordingly, under-
standing the effects of reducing sitting (e.g., by reallocating
a proportion of sitting to PA) on cognitive function would
require protocols lasting several hours (compared with
acute PA protocols usually lasting 16-35min™). Likewise,
more than one PA bout would be required to avert a decre-
ment in cognitive performance following several hours of
sitting because cognitive benefits of a single PA bout are
transient, begin to wane after 20min,” and generally last
about an hour* In confirmation, two not one 20min
bout of moderate intensity PA delivered at the beginning
and mid-morning improved selective attention in younger
adolescents.”’ Selective attention was measured repeatedly
over 4.5-hour sitting at school, including 2hours after the
last PA bout. An acute effect of PA could not explain the
positive effect of PA on selective attention because when
a single PA bout was delivered mid-morning, it did not
improve selective attention. How much PA (how often,
for how long and at what intensity) is required to prevent
decline in cognitive performance over several hours of
sitting remains unclear. This question has high public
health and practical significance given today’s sedentary
societies."™ 7 Emergent estimates from studies in the
USA, UK, Australia, Denmark and Portugal indicate a rela-
tively high percentage of waking time spent in prolonged
sedentary bouts by children, adolescents’” and adults.” **
For example, estimates in children ranged between 10%
and 45% (where prolonged bout was defined as ST lasting
>10min).”” Higher estimates were observed in adults in
the USA® and the UK™ with 43% and 49% of waking time
spent in sedentary bouts lasting >30 min.

The effects of passive behaviour duration on brain struc-
ture or function remain poorly understood. Findings from
a few observational studies among older adults suggest
that more ST may be negatively related to white matter
integrity® * and reduced cortical thickness in the medial
temporal cortex*’ that subserves long-term memory. These
studies support the notion that higher ST may have nega-
tive consequences for brain health. White matter integ-
rity declines with ageing,”, and this decline is associated
with decrements in cognitive performance, including
EFs and long-term memory.*> A small number of cross-
sectional studies also examined the associations between
accelerometer-measured ST and brain activation at rest or
during cognitive task engagement. Pindus et al** found a
negative association between ST and functional connectivity
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of the dorsal attention network at rest in younger healthy
adults. Dorsal attention network biases information
processing towards top-down attentional control.* Thus,
these findings suggest decreased readiness to engage top-
down control with higher ST. In middle-aged adults with
overweight and obesity, higher ST was related to poorer
neural efficiency, such that more sedentary adults allocated
more attentional resources to the task that varied in cogni-
tive demands without benefit to cognitive performance.*®
These emergent studies raise the possibility of suboptimal
activation in brain regions that support EFs with higher ST
already during younger-age and middle-age adulthood.
Preliminary data from a longitudinal study further suggest
that decreasing ST over several weeks can lead to positive
adaptations in global cerebral blood flow (CBF), a global
measure of substrate delivery to the brain. Specifically,
a 16-week intervention, which reduced daily sitting by an
hour, increased global CBE.*” Furthermore, acutely inter-
rupting prolonged sitting with PA enhanced global CBF
over and above the chronic adaptations in CBF in response
to a clinically meaningful reduction in ST (60min/day)."
Thus, a systematic review of experimental evidence will
increase our understanding of both chronic and acute
effects of reducing ST and prolonged sitting (by increasing
PA) on cognitive and brain health.

To the best of our knowledge, no previous systematic
review synthesised chronic and acute effects of reducing ST
and prolonged sitting on cognitive and brain health across
the lifespan in apparently healthy individuals. Previous
systematic reviews focused on chronic effects of seden-
tary behaviours on cognitive functions but included only
observational studies,' limited the review to specific cogni-
tive functions (memory and working memory),” context
(occupational sitting)* or age groups (middle-aged and
older adults," older adults™ or preschool children™).
For example, Loprinzi® included experimental studies
but limited cognitive outcomes to broadly conceptualised
memory. In children, Carson et af’’ synthesised the literature
on the relationships between duration, type (eg, frequency
of TV viewing or video gaming) and patterns of seden-
tary behaviours and cognitive functions but limited their
review to young children (aged <5 years), and behavioural
measures of cognitive function. Only two systematic reviews
attempted to capture the measures of brain function and
structure in relation to sedentary behaviour. However, they
were limited in the scope of cognitive functions measured
(i.e., memory)48 and population (i.e., older adults).”” The
proposed systematic review aims to address these gaps and
synthesise experimental studies on the acute and chronic
effects of reducing sedentary behaviour duration by
increasing PA on cognitive functions, brain function and
structure. Including studies across a broad age range (from
school-aged children to older adults) will facilitate conclu-
sions based on a larger set of studies, given this relatively
new field.

Our choice to focus on studies reallocating seden-
tary behaviours to PA and not standing is based on the
hypothesised mechanisms that may underlie its effects

on cognitive and brain health.”*”* These mechanisms
include reduced lipid metabolism via decreased lipopro-
tein lipase activity (i.e., an enzyme involved in the regu-
lation of lipid metabolism),” and changes in glycaemic
response.”” ™ Experimental studies in rodents have
shown steep reduction in lipoprotein lipase in slow twitch
red muscles within hours of forced hind limb unloading
(an experimental model to study prolonged sitting).
Although this effect is readily reversible with ambula-
tory movement, repetitive, habitual engagement in high
volumes of sitting’ ***%°%” might chronically downregulate
lipoprotein lipase. In turn, attenuated lipoprotein lipase
activity may indirectly affect cognitive and brain function
by downregulating lipid metabolism.” In confirmation,
breaking prolonged sitting (such as sitting continuously
for 30min or more) with PA can acutely (over several
hours) decrease triglyceride concentrations.” Higher
triglyceride concentrations have been associated with
greater visceral fat mass.”’ In turn, greater visceral fat
mass has been related to poorer attentional control, and
WM in adolescent girls,” greater age-related decrease
in the connectivity of the structural brain network that
supports memory performance in younger through to
older adults,61 and white matter lesions, and decreased
global cognitive function in healthy elderly.”” However,
direct evidence on the mediating effect of lipid metab-
olism on the relationship between high ST, prolonged
sitting, cognitive and brain functions is currently lacking.
A small number of cross-over randomised controlled
studies examined the acute changes in lipid metabolism
alongside changes in cognitive performance following
a bout of prolonged sitting compared with sitting inter-
rupted with PA breaks (moderate-intensity cycling,?
resistance exercise®) or substituting 50% of ST for light-
intensity PA.®” These studies reported null effects of the
intervention on lipid metabolism (e.g., triglycerides, total
cholesterol high-density and low-density lipoprotein)
and cognitive functions (e.g., working memory, episodic
memory, attentional vigilance). Given the associations
between visceral fat mass, cognitive function and brain
structure, this specific mechanism may require a chronic
intervention approach to allow for changes in lipid
profile, visceral fat mass and brain structure to take effect.

Another proposed mechanism to explain the effects of
excessive ST on cognitive and brain function is glycaemic
control.”® Prolonged sitting leads to acute increases in
postprandial glycaemia and insulinaemia.”® It has been
proposed that over time, repeated exposure to prolonged
sitting might result in greater compensatory response
(larger glucose nadir and glucose excursions) and
greater variability in brain glucose levels.”* Epidemiolog-
ical evidence supports the tenet that high engagement in
sedentary behaviours may increase the risk of cognitive
dysfunction due to type 2 diabetes. In confirmation, greater
engagement in ST is related to twofold increase in the risk
of type 2 diabetes.” ** In turn, type 2 diabetes is related to
global cognitive dysfunction (including EFs, memory and
processing speed),” increased risk of vascular and other
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unspecified dementias,”® white matter lesions,” regional
grey matter atrophy in the hippocampus and orbitofrontal
cortex (thatsupport memory and inhibitory control, respec-
tively),” and reductions in functional connectivity between
brain regions supporting memory and EFs.” Conversely,
regularly interrupting prolonged sitting with light to
vigorous PA acutely decreases postprandial glycaemia and
insulin response.” This effect can partly be explained by
increased energy expenditure.”* In contrast, standing
does not sufficiently increase energy expenditure above
resting levels.” " Indeed, interrupting sitting with standing
was not associated with glycaemic control in several acute
randomised controlled trials (RCTs).” ™ Accordingly, this
systematic review will focus on the effects of reducing seden-
tary behaviour duration by increasing PA (not standing) of
any intensity (light to vigorous) on cognitive function, brain
function and structure in apparently healthy children,
adolescents, younger-aged, middle-aged and older adults.

OBJECTIVES

Accordingly, this systematic review has the following

objectives:

1. To synthesise the literature on the acute effects of re-
ducing sedentary behaviour duration by increasing PA
(eg, by interrupting prolonged sitting with PA) (inter-
ventions) relative to usual practice or a prescribed sed-
entary comparator on cognitive functions (outcomes).

2. To synthesise the literature on the acute effects of re-
ducing sedentary behaviour duration on brain func-
tion (outcomes).

3. To synthesise the evidence from chronic interventions
reducing sedentary behaviour duration by increasing
PA (interventions) on cognitive functions (outcomes)
relative to usual practice, attention control or pre-
scribed sedentary condition (comparator).

4. To synthesise the evidence from chronic interventions
on brain structure.

5. To synthesise the evidence from chronic interventions
on brain function.

METHODS AND ANALYSIS

This systematic review protocol follows the guidelines
of the Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocols (PRISMA)74 and has
been registered in PROSPERO (registration number:
CRD42020200998).

Inclusion and exclusion criteria for study selection

Type of studies

Acute effects

Experimental studies wusing RCT and cross-over
randomised trials will be included. Due to the paucity
of acute interventions testing the effects of reducing ST
and/or prolonged ST on cognitive functions and brain
function, non-randomised studies of the interventions
(NRSI) ranging from quasi-RCTs to pre studies and post-
studies” will also be included.

Chronic effects
RCTs, cross-over randomised trials, cluster randomised
trials and NRSIs (excluding observational studies) will
be included. We will include NRSIs due to the dearth
of chronic intervention studies in this area and ethical
considerations in assigning groups to prolonged or
increased ST conditions based on adverse effects of
prolonged sitting on glucose homeostasis.”®

Conference abstracts, poster abstracts, letters, opinion
pieces, reviews and unpublished studies other than thesis
and dissertations will be excluded.

Type of participants

School-aged children and adolescents (4-17 years),32
younger adults (18-44 years), middle-aged adults (45-64
years)76 7 and older adults (=65 years)77 will be included.
The definition of midlife was based on the cognitive
decline on several measures of higher order cognitive
functions (e.g., inductive reasoning, episodic memory)
observed in mid 40s and early 40s,”" ™ and the definition
of midlife adopted in cancer prevention literature.” Defi-
nition of older adulthood has been adopted to align with
the transition to retirement, and accelerated cognitive
decline compared with middle age.” Children younger
than 4 years will not be included due to underdeveloped
EFs,”® consistent with studies of PA and cognition in
children.® "

Exclusion criteria include observational studies, studies
assessing participants with physical disability, cancer, any
condition that could affect cognitive function including,
but not limited to, neurological disorders, neurodegen-
erative disorders, metabolic syndrome, types 1 and 2
diabetes, cardiovascular disease and mental health condi-
tions. We will include studies that focused on specific
ethnic and socioeconomic groups, men and/or women,
and adults with overweight and/or obesity.

Type of interventions

Acute interventions

Prospective acute intervention studies testing the effects
of reducing and substituting time spent in sedentary
behaviours for PA or interrupting prolonged sitting with
multiple bouts of PA of any intensity or type (e.g., light
walking, high-intensity interval training and strength exer-
cises) will be included. An acute intervention is defined as
a condition lasting >3 hours* *** and up to 18 days.** The
upper boundary has been adopted because: (1) an acute
effect of a single bout of PA on long-term memory can
persist for 48 hours,” even though the majority of acute
PA studies measure its effect on cognitive and brain func-
tion within an hour from PA cessation®; (2) the effects
of a single PA bout on glycaemic control (postprandial
insulin) can extend to 72 hours;** (3) studies testing
the effects of interrupting prolonged sitting with PA or
decreasing daily PA (<5000 steps) and increasing ST on
cognitive functions over 3-7days found no effects,? %
suggesting that 7days may be insufficient to engender
chronic changes in cognition by manipulating ST and (4)
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step reduction studies have shown a decrease in cardiore-
spiratory fitness over 2 weeks.” * Because cardiorespira-
tory fitness has been associated with enhanced EFs® 9192
and brain function”™™ across the lifespan, physical adap-
tations to sitting occurring within 2 weeks may be suffi-
cient to stimulate chronic adaptations in cognitive and
brain function.

The acute effects of reducing sedentary behaviour
duration by increasing PA (eg, by interrupting prolonged
sitting with PA) should be defined relative to the end of
the sedentary behaviour exposure, which generally varies
in acute studies between $ and 10 hours.??%0 28 However,
cognitive functions were often assessed during the inter-
vention®* or during and at the end of the intervention.*®
Studies that extended the acute protocol to >1 day,? *
measured cognitive functions either during each day® or
the day after each experimental condition.®®® All such
studies will be included, and the effect of the timing
of cognitive and neurofunctional assessments will be
discussed. Studies testing the effects of substituting ST for
PA or interrupting prolonged sitting with PA on cogni-
tive functions and brain function will be included. Studies
substituting ST for standing only will be excluded because
standing may contribute minimally to energy expenditure
compared with sitting.” * Interventions delivered either
in the laboratory or in free living including work, school
and leisure time will be included. For studies conducted
in free living, ST and PA must be measured with motion
Sensors.

Chronic interventions

We will include prospective intervention studies lasting
>2 weeks,” ? which test the effects of reducing ST by real-
locating ST to PA and/or interrupting prolonged sitting
with intermittent bouts of PA. We chose 2 weeks as the
boundary for the chronic effect based on step reduction
studies, showing decreased cardiorespiratory fitness and
whole-body insulin sensitivity within 2 weeks of increasing
ST by reducing PA. Importantly, these changes were
largely reversed 2 weeks later on resumption of the ambu-
latory activity.89 9% Both cardiorespiratory ﬁtness,82 91-95
and better glycaemic control” " have been related to
improved brain function and cognition, lending support
to our definition of the chronic effect. Interventions
which substitute ST for standing only will be excluded.”®
Interventions which compare cognitive aspects of screen-
based behaviours (e.g., the effects of the pace and content
of TV programmes on cognitive functions) without
reducing ST will be excluded because they focus on the
effects of mental stimulation on cognitive functions'"" '
and not the duration of sedentary behaviours or seden-
tary patterns. The exclusion of interventions testing the
effects of cognitive aspects of screen-based behaviours
was informed by a discontinued systematic review.'” In
this review, the inclusion of interventions comparing
the cognitive effects within the same type of sedentary
behaviour (e.g., TV viewing) resulted in too broad a defi-
nition of the comparator and difficulty in synthesising the

effects of ST and patterns on brain structure and func-
tion. Our approach will address this limitation. Studies
assessing the effects of active video gaming on cognitive
and brain health will also be excluded because some active
video games increase energy expenditure up to moderate
intensity,'" ' and therefore, they focus on active sitting,
which does not conform to the energy expenditure aspect
of the sedentary behaviour definition. Eligible long-term
interventions will be required to include sensor-measured
ST and PA (e.g., using activPAL inclinometer, accelerom-
eters or pedometers).” %1%

Studies with intervention groups varying in cognitive engagement
We will include studies with multiple intervention arms
that vary in the cognitive engagement of PA or sedentary
behaviours aslong as atleast one intervention group intro-
duces reductions in sedentary behaviour and increases
in PA relative to the comparator. Such additional inter-
vention arms may include: a group matched on seden-
tary behaviour duration and PA dose to the intervention
group, but different in cognitive engagement from the
PA group (e.g., cognitively engaging PA such as move-
ment requiring coordination, rule-based PA games versus
cognitively passive PA such as jumping jacks, running or
walking) or sedentary behaviour exposure (e.g., reading
vs. TV viewing).

Type of comparators

Acute studies

A comparator will include usual practice (e.g., daily
behaviour, daily ST at school, work or leisure time) or
prescribed sitting.

Chronic intervention studies

Studies using a usual practice as well as sedentary
attention-control condition and prescribed ST condition
will be included.

Type of outcome measures

Cognitive functions

Cognitive function can be defined as mental activity of
information processing which results in mental represen-
tations and their transformations.'”” Cognitive processes
will be classified using categories described by Lezak'® as
previously adopted by reviews of acute exercise and cogni-
tion.”™ *® We will classify cognitive functions proceeding
from the least to most complex in relation to the involve-
ment of controlled processes (i.e., top-down processes
that control and schedule perception, memory and action
in congruence with current goals): (1) motor speed and
motor learning, (2) information processing, (3) atten-
tion, (4) memory, (5) cognitive control (ie, EFs such as
inhibitory control, working memory and set-shifting) and
(6) reasoning and intelligence.* *

Common tasks that measure these cognitive functions
include butare notlimited to: simple and choice reaction
time tasks (motor speed and information processing),
Oddball (attention), Hopkins Verbal Learning Test
(memory), Stroop and Eriksen flanker tasks (inhibitory
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control), digit backwards, n-back or Operation Span
Task (working memory), task switching (set shifting),
Wechsler Adult Intelligence Scale (intelligence and
reasoning).

Brain structure

Measures of total and region-specific grey and white
matter volume will be included, as assessed with MRI and
related techniques (eg, diffusion MRI). Measures of total
cerebral volume will also be included.

Brain function

Studies measuring neurofunctional correlates of cogni-
tive functions as well as resting state functional connec-
tivity will be included. Specific neuroimaging methods
will include but are not limited to electroencephalog-
raphy and eventrelated brain potentials, functional near-
infrared spectroscopy, functional MRI (fMRI), resting
state fMRI and positron emission tomography. Studies
assessing the effects of reducing sedentary behaviour
duration by substituting some ST for PA or interrupting
prolonged sitting with PA on CBF and cerebral perfusion
will also be included.

Search methods and identification of studies

Electronic databases

Electronic searches of published and peerreviewed
manuscripts in English will be conducted in PubMed,
Scopus, Cumulative Index to Nursing and Allied Health
Literature (CINAHL via EBSCO Host), PsycINFO (via
ProQuest), SPORTDiscus and Web of Science (Science
and Social Science Citation Index) from the beginning
of the electronic database records. In addition, we will
search ProQuest Dissertation and Theses. Study records,
including deduplication will be managed using EndNote
reference manager.

Search terms will be organised according to exposure
and three outcomes: cognitive function, brain structure,
and function. Examples of the search terms include:
(1) “sedentary behavior”, sedentariness, sitting, “seden-
tary lifestyle”; (2) “cognitive function”, “information
processing”, attention, memory, learning, “executive
function”, intelligence, reasoning; (3) “magnetic reso-
nance imaging”, “white matter volume”, “gray matter
volume”, “cortical thickness”, “cortical surface area”;
and (4) “functional magnetic resonance imaging”, elec-
troencephalography, “event related brain potentials”,
magnetoencephalography, “near-infrared spectroscopy”,
“positron emission tomography”. All key words will
include British as well as American spelling and plurals.
Title and abstracts, along with relevant MeSH terms (and
their equivalents in respective databases) will be searched
(see online supplemental material 1 for an example of
PubMed search strategy).

Reference lists of all included studies and relevant
systematic reviews will be screened for additional
studies.

Search dates: August-September 2022.

Data collection and analysis

Study selection

After the deduplication of records, two independent
reviewers will screen titles and abstracts according to
pre-defined inclusion and exclusion criteria. Full texts of
studies selected during the title and abstract screening
will be reviewed for inclusion and exclusion criteria.
Reasons for exclusions will be recorded. Discrepancies
between reviewers will be resolved through discussion
and consensus or adjudication by a third reviewer if no
consensus is reached.

Data extraction

A data extraction form will be developed and piloted

prior to implementation according to Cochrane recom-

mendations.'” Two authors will independently extract
the following information in duplicate:

» Authors, year of publication.

» Aim of the study.

» Intervention type (acute/chronic), study design,
country.

» Participant characteristics (age, sex, weight status).

» Intervention characteristics (e.g., whether an inter-
vention focused on reducing ST and/or prolonged
sitting, intervention duration, frequency and dura-
tion of intervention sessions, the amount of ST to be
reallocated to PA, frequency, duration and intensity
of PA, qualitative characteristics of PA, the type(s) of
sedentary behaviours that participants engaged in
(i.e., cognitively passive vs cognitively engaging seden-
tary behaviours).

» Comparator characteristics (including presence/
absence of the attention control condition).

» Additional intervention arms with different cognitive
content of PA or sedentary behaviour but matched
on sedentary behaviour duration and PA dose to the
main intervention arm.

» Methods used to measure intervention fidelity (ST,

type of sedentary behaviours and PA).

The moderating effect of sedentary behaviour type.
For NRIS studies, information about measured
covariates.

Main outcomes measured and assessment method.
The timing of outcome assessment and follow-up.
Data analysis.

Key results relevant to the population, intervention,
comparison and outcome.

When necessary, we will contact the authors of the

included studies to provide further details (e.g., details

of the intervention). The discrepancies between the
two reviewers will be resolved through discussion and
consensus.

vy

vVvyyvyy

Assessment of methodological quality

The risk of bias will be assessed independently by two
researchers as recommended by the Cochrane Hand-
book of Systematic Reviews.''” Disagreements will be
resolved through discussion with adjudication of the third
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reviewer if consensus cannot be reached. The risk of bias
will be assessed using the quality assessment tool for quan-
titative studies developed by the Effective Public Health
Practice Project.'"! The tool has good intrarater reliability
(kappa=0.74) and provides conservative quality ratings
compared with similar methods.""" It is suitable for the
assessment of RCTs as well as NRSIs. The tool consists of
eight components evaluating selection bias, study design,
confounders, blinding, data collection methods, with-
drawals and drop-outs, intervention integrity and appro-
priateness of data analyses.''" Studies are rated as strong
in quality if no weak components are present, moderate in
quality if one weak component is present and weak other-
wise. The scale has been previously applied in systematic
reviews of PA and cognitive functions.*” '

Data synthesis and analysis

Narrative synthesis

A narrative synthesis will be conducted following the
recommended structure by the Cochrane Handbook of
Systematic Reviews''> and grouped by intervention type
(acute and chronic). Studies will be synthesised within
each intervention type by the type of outcome: cogni-
tive, followed by neurofunctional outcomes. The rela-
tionship between ST and sedentary patterns and brain
structure within chronic intervention literature will also
be synthesised. If evidence is sufficient, studies explicitly
testing the mediating effects of neurofunctional and/or
neurostructural intervention-related changes on the rela-
tionship between the time spent in sedentary behaviours
and cognitive functions will be synthesised separately.
Following the results for each cognitive and brain-related
outcome, the relationship between cognitive, neuro-
functional and neurostructural results will be discussed
in relation to the major cognitive function groupings in
order to explore possible mechanisms.

Tabulated information by intervention type (acute
and chronic) will include study identification (author,
year), study design, participant characteristics (age, sex,
body mass index, and aerobic fitness), qualitative (e.g.,
intervention to reduce ST vs intervention to interrupt
prolonged sitting or the combination of both; the type
of sedentary behaviours'"*''® that participants engaged in
during the intervention), and quantitative intervention
characteristics (e.g., intervention duration and frequency
of intervention sessions; frequency, duration and inten-
sity of PA bouts), the characteristics of the comparator,
outcome type, outcome measure, the timing of cognitive
assessment and main results including the effect size and
classification of the effect as positive, negative or null. If
more than one outcome is reported, the results for each
outcome will be presented within arelevantsection. Within
each category defined by the intervention type, interven-
tion content and outcome, studies will be tabulated in
descending order based on study quality. The relation-
ships within each intervention type will be systematically
explored. For example, similarities and differences in the
effect sizes between studies designed to reduce ST and

those that focus on interrupting prolonged sitting with
PA will be compared. We will discuss how PA dose may
contribute to these differences. The type of sedentary
behaviours defined as cognitively passive vs cognitively
engaging sedentary behaviours'*™"'® will be considered
in relation to intervention design. Specifically, studies
will be compared on how cognitive engagement during
the intervention was controlled by design. For example,
choosing only cognitively engaging or only cognitively
passive sedentary behaviours during an acute interven-
tion; assessment of the moderating effects of sedentary
behaviour type by including two sedentary groups (cogni-
tively engaging vs. cognitively passive) in addition to a
sedentary behaviour plus PA condition. Finally, we will
consider how the timing of cognitive assessment may
influence the main findings (e.g., assessing cognitive
functions immediately after a PA break in acute studies
compared with assessing cognitive functions at a delay
following the last PA break).

Critical appraisal of the quality of evidence included
in the synthesis will be presented based on the quality
assessment tool for quantitative studies. The results of the
quality assessment will be tabulated. The robustness of
methodologies used to perform study synthesis will also
be critically appraised.

Quantitative synthesis

A meta-analysis will not be attempted because our prelim-
inary findings suggest that an insufficient (N<8) of RCTs
are available, which tested the chronic effects of reducing
sedentary behaviour duration by increasing PA on cogni-
tive function, brain structure and function.

Patient and public involvement
Patients or public were not involved in the design of the
systematic review protocol.

Ethics and dissemination

No primary data collection will be conducted as part
of this systematic review. Thus, ethical approval is not
required. The results of the review will be published in
a peerreviewed journal following the recommendations
of the PRISMA statement.”* We will present the results at
scientific meetings and through social media platforms as
appropriate.

DISCUSSION

Remaining highly sedentary increases mortality, cardio-
vascular and metabolic risk, which in the majority of the
population is not compensated by engagement in PA.7®
In contrast, relatively little is known about the effects of
reducing the duration of sedentary behaviours on cogni-
tive function, brain function and structure. System-
atic synthesis of evidence in this new area can provide
a guiding framework for future research by identifying
research gaps and potentially fruitful areas of enquiry.
This systematic review will focus on reducing the duration
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of sedentary behaviours by increasing PA because seden-
tary behaviour duration has been most consistently
related to health outcomes,” ® ® "7 including cognitive
and brain function.'®*'"®

While the research into the relationships between
sedentary behaviours and cognitive and brain health is
growing, the conclusions, which can be drawn from these
studies remain limited due to the lack of explicit mech-
anistic framework supporting intervention design. For
example, studies testing the acute effects of interrupting
prolonged sitting on cognitive functions use PA,*** as well
as standing breaks (or both)* " and have yielded mixed
results. The discrepancy in findings between these studies
may stem from implicit assumptions on the mechanisms
that support cognitive improvements associated with
interrupting (fragmenting) prolonged sitting: increased
energy expenditure or physiological adaptations to an
upright posture (e.g., increase in lipoprotein lipase).'*’
Accumulating evidence suggests that the latter may be
insufficient to stimulate cognitive gains.** "' Conse-
quently, this systematic review will focus on the energy
expenditure aspect of reducing sedentary behaviour dura-
tion by increasing PA (e.g., by interrupting prolonged
sitting with PA) due to its positive effects on postprandial
glycaemia and insulinaemia.”® Consequently, the hetero-
geneity of included studies will be reduced.

To better understand the effects of reducing sedentary
behaviour duration on cognitive functions, it is neces-
sary to uncover how such interventions affect brain func-
tion and structure. Only two previous systematic reviews
included measures of brain structure and function.*® *
However, their coverage of the literature was limited. The
scope of these reviews was either constrained to hippo-
campal structures supporting long-term, and episodic
memory,™ or an adopted search strategy was not designed
to capture neurofunctional changes, or changes in brain
structure due to limited search terms, which included
‘biomarkers” and ‘neuropathology’.”” Neither review
included search terms related to structural neuroimaging
or brain volume. The synthesis of studies on the effects
of reducing time spent in sedentary behaviours (and
prolonged sitting) and increasing PA on brain structure
can support future mechanistic hypotheses. For example,
several recent observational studies in children'*™"* and
adults™ '** have shown region-specific decrements in
grey matter volume within the hippocampus,'® medial
temporal lobes,"" and frontal and parietal regions'*
with ST. These brain regions support episodic memory,
learning and EFs. Thus, their results suggest that (in addi-
tion to increasing MVPA) reductions in ST could be an
important intervention target with potential implications
for cognitive development and healthy ageing.

The limitations of the current systematic review also
need to be recognised. We propose to capture a broad
range of studies based on research design (randomised
controlled and crossover trials and NRSIs) and interven-
tion characteristics (e.g., acute and chronic). This choice
is deliberate, as our aim is to synthesise an emergent

but fast-growing area of research comprehensively. The
heterogeneity of intervention designs will be managed by
structured review of two main intervention effects: acute
and transient effects, and chronic long-lasting effects that
may entail changes in brain structure and neurotrans-
mitter systems.”® The heterogeneity of research designs
will be accounted for within qualitative analyses, with
the attention to formally assessed study quality.'"" By
including a broad range of cognitive outcomes, we intro-
duce heterogeneity to the qualitative analyses. However,
the comprehensive coverage of cognitive outcomes
increases the sensitivity of our search strategy and over-
comes the issue of inconsistencies in cognitive termi-
nology within the field of PA and cognitive function.* '*°
Our approach aligns with a previous review within PA and
cognition literature'®” and is supported by the scoping
survey of potential studies to be included in our systematic
review. Specifically, cognitive outcomes studied within the
literature on PA and cognitive functions can be broadly
classified into motor speed, information processing, EFs,
memory and intelligence.” Our scoping search indicates
that most studies can be classified within these categories.
The inclusion of neurofunctional and neurostructural
measures does not increase the heterogeneity in cognitive
outcomes because the effects of interventions designed
to reduce sedentary behaviour duration by increasing
PA on brain structure and function will be synthesised
separately. Given that only chronic interventions can lead
to changes in brain structure, the heterogeneity of our
synthesis will be further limited. Importantly, we balance
the inclusion of multiple outcomes with an a priori focus
on reducing the time spent in sedentary behaviours (and
prolonged sitting) by increasing PA and energy expendi-
ture. We will also limit our systematic review to apparently
healthy participants. Lastly, this review will exclude studies
that compare the effects of the type but not the duration
of sedentary behaviours (e.g., cognitively passive vs cogni-
tively engaging sedentary behaviours''* %), However,
when studies that include cognitively engaging vs cogni-
tively passive comparison groups are available, they will be
discussed in relation to the moderating effects of seden-
tary behaviour type on the effects of reducing ST with PA
on cognitive and brain functions.
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