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Abstract

Background: An estimated 47 million people have dementia globally, and around 10 million new cases are diag-
nosed each year. Many lifestyle factors have been linked to cognitive impairment; one emerging modifiable lifestyle
factor is sedentary time.

Objective: To conduct a systematic review and meta-analysis of peer-reviewed literature examining the association
between total sedentary time with cognitive function in middle-aged and older adults under the moderating condi-
tions of (a) type of sedentary time measurement; (b) the cognitive domain being assessed; (c) looking at sedentary
time using categorical variables (i.e., high versus low sedentary time); and (d) the pattern of sedentary time accumula-
tion (e.g., longer versus shorter bouts). We also aimed to examine the prevalence of sedentary time in healthy versus
cognitively impaired populations and to explore how experimental studies reducing or breaking up sedentary time
affect cognitive function. Lastly, we aimed to conduct a quantitative pooled analysis of all individual studies through
meta-analysis procedures to derive conclusions about these relationships.

Methods: Eight electronic databases (EMBASE; Web of Science; PsycINFO; CINAHL; SciELO; SPORTDiscus; PubMed;
and Scopus) were searched from inception to February 2021. Our search included terms related to the exposure
(i.e., sedentary time), the population (i.e,, middle-aged and older adults), and the outcome of interest (i.e., cognitive
function). PICOS framework used middle-aged and older adults where there was an intervention or exposure of any
sedentary time compared to any or no comparison, where cognitive function and/or cognitive impairment was
measured, and all types of quantitative, empirical, observational data published in any year were included that were
published in English. Risk of bias was assessed using QualSyst.

Results: Fifty-three studies including 83,137 participants met the inclusion criteria of which 23 studies had appropri-
ate data for inclusion in the main meta-analysis. The overall meta-analysis suggested that total sedentary time has

no association with cognitive function (r=—0.012 [95% Cl—0.035, 0.011], p=0.296) with marked heterogeneity

(> =89%). Subgroup analyses demonstrated a significant negative association for studies using a device to capture
sedentary time r=—0.035 [95% Cl —0.063, — 0.008], p=0.012). Specifically, the domains of global cognitive function
(r==0.061[95% Cl —0.100, — 0.022], p =0.002) and processing speed (r=—0.067, [95% Cl — 0.103,—0.030], p < 0.001).
A significant positive association was found for studies using self-report (r=0.037 [95% Cl — 0.019, 0.054], p < 0.001).
Specifically, the domain of processing speed showed a significant positive association (r=0.057 [95% Cl 0.045, 0.069],
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C1—0.310,—0.128], p<0.001).

decline

p<0.001). For prevalence, populations diagnosed with cognitive impairment spent significantly more time seden-
tary compared to populations with no known cognitive impairments (standard difference in mean=—0.219 [95%

Conclusions: The association of total sedentary time with cognitive function is weak and varies based on meas-
urement of sedentary time and domain being assessed. Future research is needed to better categorize domains of
sedentary behaviour with both a validated self-report and device-based measure in order to improve the strength of
this relationship. PROSPERO regjistration number: CRD42018082384.
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Key Points

1. The association of total sedentary time with cognitive
function varies based on the method of sedentary
time measurement and the cognitive domain being
assessed

2. Populations that have been diagnosed with mild cog-
nitive impairment or dementia spend significantly
more time sedentary compared to cognitively healthy
populations.

3. Future research is needed to investigate associations
of individual sedentary behaviours with cognitive
function and examine the impact of cognitive load on
this association.

Introduction

Cognitive function refers to multiple mental abilities
including learning, thinking, reasoning, remember-
ing, problem solving, decision making and attention [1].
Dementia can be defined simply as a significant loss of
cognitive function that impacts functions of daily liv-
ing [2]. An estimated 47 million people have dementia
globally and around 10 million new cases are diagnosed
each year [3]. Unfortunately, this number will continue to
rise at an exponential rate due to a global increase in the
number of people living to older age [4]. Dementia has a
major impact on the individual, but also has detrimental
physical, emotional, psychological, social, and economic
effects on caregivers, families, and society as a whole
[5]. It is estimated that the total global societal cost of
dementia is US$818 billion per year (1.1% of global gross
domestic product); making it a public health priority [6,
7].

With the absence of a pharmacological treatment for
the disease, current medications can only modestly alle-
viate symptoms [8]. Thus, other strategies (i.e., lifestyle
modifications) are imperative for addressing the forth-
coming dementia pandemic. Although cognitive decline
tends to materialize later on in life, it is experienced by

every individual at different severities and rates [1]. The
latest Lancet review published in 2020 on dementia pre-
vention, intervention and care concluded that 40% of
worldwide dementia cases can be attributed to 12 modi-
fiable risk factors [9], which is three more risk factors
than the original review published in 2017 [10]. While we
know a lot about some risk factors, there may be other
unexplored factors, for example, targeting the reduc-
tion of sedentary time and how it may impact cognitive
function. Despite the well-known benefits of moderate to
vigorous physical activity, only 15% of adults aged 65-79
achieve at least 150 min of moderate to vigorous physical
activity per week [11] and in addition, spend an average
of 10.1 h/day being sedentary [12].

The associations between sedentary time and non-
communicable diseases such as cardiovascular disease,
type 2 diabetes, some forms of cancers, as well as all-
cause mortality are now well established [13]. Sedentary
behaviour is defined as any waking behaviour in a seated
or lying posture while expending less than or equal to
1.5 metabolic equivalents of energy [14]. The evidence
on the health risks associated with too much sitting is
now informing public health guidelines. For example the
Canadian 24-h movement guidelines recommend that in
addition to accumulating 150 min of moderate to vigor-
ous physical activity per week, people should keep pro-
longed sitting time to a minimum, advising no more than
eight hours of sitting per day [15].

Sedentary time has become a known modifiable deter-
minant of health and an important predictor of healthy
aging [16—19]. More recently, studies have emerged sug-
gesting that higher levels of sedentary time may also
be linked to lower levels of cognitive function and an
increased risk of cognitive decline [20-22]. Previous
reviews have investigated the relationship between sed-
entary behaviour and cognitive function [23-26]. From
these reviews, we know that the relationship is inconsist-
ent, and observed relationships are rather weak. More
specifically, Falck et al. (2016) suggested higher levels of
sedentary behaviour were associated with lower cogni-
tive performance [24]. This was concluded from eight
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observational studies including adults 40 years and over.
A later review by Copeland and colleagues (2017) inves-
tigated the relationship in adults 60 years and older [23].
They were able to include 14 studies, including five stud-
ies featured in Falck’s 2016 review [24]. Of these, only
half reported finding associations between increased
sedentary behaviour and decreased cognitive function
and the results were not differentiated according to the
exposure and outcome measures used (i.e., self-report
versus device or specific cognitive domains). The review
by Loprinzi (2019) included humans of all ages and
focused specifically on memory, including 25 studies
[25]. Loprinzi observed a conflicting association of sed-
entary behaviour with cognitive function. Results from
the most recent review are not much clearer. Olanrewaju
et al. (2020) also found varied and inconclusive evidence
on the relationship between the two variables [26]. The
main difference of this review from the preceding ones
was that it excluded studies involving participants diag-
nosed with dementia. Out of the 18 studies included,
seven of these studies reported associations between
increased sedentary behaviour time and decreased cogni-
tive function. Only four of the 18 studies were consistent
with those included in the Copeland (2017) review [23].
Despite including 18 studies, there were no interven-
tions identified; and there was too much heterogeneity to
perform a meta-analysis. The current systematic review
builds on these previous ones, addressing specific con-
ceptual and methodological issues that these reviews
could not avoid due to the nature of the literature at that
time.

Although the definition of sedentary behaviour was
properly defined in previous reviews, the large-scale het-
erogeneity found within the available studies at the time
could stem from the broadly defined study exposure (i.e.,
sedentary behaviour) needed in order to synthesize the
current state of the literature. In other words, a specific
domain of sedentary behaviour (i.e., television view-
ing) needed to be synthesized alongside studies measur-
ing total sedentary time. This is problematic as we know
that television viewing is a poor proxy of overall seden-
tary time [27]. Thus, no reviews have specifically aimed
to review the association of total sedentary time with
cognitive function. Secondly, the inconsistent and weak
relationships between sedentary behaviour and cogni-
tive function reported in previous reviews suggests that
this relationship needs to be examined under certain
moderator conditions. None of the reviews examined the
association between studies that have used self-reported
measures versus those that have used a device (i.e., activ-
PAL"™). This is an important moderator to investigate as
self-report has been shown to underestimate sedentary
time when compared to device-based measurements
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[23]. Although touched upon in the review by Falck
(2016), another moderator that warrants attention is
which specific domains of cognition are most affected by
total sedentary time. Insight here will assist researchers’
focus on cognitions that are more salient to total sitting
time. Third, no previous reviews have interpreted the
findings based on a threshold or cut-off that compares
two categorical groups (i.e., high versus low sedentary
time) as opposed to comparing the relationship using
continuous variables. It is unknown whether this rela-
tionship will be more concrete if more extreme groups
or categorical groups are used; this may have implica-
tions for how researchers collect and analyze total sitting
time data. Fourth, no previous review has interpreted the
associations based on how sedentary time was accumu-
lated throughout the day (i.e., short, frequent bouts vs.
longer uninterrupted bouts). Recent investigations have
highlighted the negative aspects of accumulating pro-
longed bouts of sedentary time regardless of meeting
physical activity guidelines [17]. Thus, it is recommended
to incorporate short bouts of activity to break up seden-
tary periods throughout the day [28]. Fifth, no previous
reviews have synthesized the findings based on the prev-
alence of sedentary time in populations diagnosed with
mild cognitive impairment or dementia versus popula-
tions deemed as cognitively healthy. Since the older adult
population is the most sedentary and inactive population,
it makes it hard to tease out a bidirectional relationship
(i.e., is more sitting causing cognitive decline or is cog-
nitive decline resulting in more sitting?). Therefore, dif-
ferentiating populations that may be more susceptible to
increased amounts of sitting, (i.e., people with cognitive
impairment, transitioning into retirement, etc.) could
help tease out any mixed association. This also high-
lights the importance of including both middle-aged and
older adults. Sixth, experimental studies were scarce at
the time of these previous reviews, but with the growing
interest in this relationship, synthesizing any experimen-
tal studies aiming to reduce or break up sedentary time
is important as it could illustrate whether we are able to
manipulate cognitive function with sitting time. Seventh
and finally, due to the heterogeneity of the literature at
the time of these previous reviews, they were not able to
perform a meta-analysis to quantify the effect size of the
relationship. Since these reviews, there have been many
more studies published on the relationship of sedentary
behaviour with cognitive function, which allows this
review to have a narrower view of the exposure variable,
sedentary time, alongside being able to evaluate the rela-
tionship with the aforementioned moderators.
Addressing the abovementioned issues, the overarch-
ing objective of this study was to conduct a systematic
review to explore the relationship of total sedentary
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behaviour time with cognitive function in middle-aged
and older adults. A specific objective was to examine the
relationship under the following moderator conditions: a)
self-reported versus device based sedentary time meas-
urement; b) the cognitive domain being assessed (e.g.,
working memory, processing speed, etc.); ¢) looking at
sedentary time using categorical variables (i.e., high ver-
sus low sedentary time) and d) the pattern of sedentary
time accumulation (e.g., longer versus shorter bouts).
We also aimed to examine the prevalence of sedentary
time in healthy versus cognitively impaired populations.
Additionally, we aimed to explore how experimental
studies reducing or breaking up sedentary time affects
cognitive function. Lastly, we aimed to conduct a quan-
titative pooled analysis of all individual studies through
meta-analysis procedures to derive conclusions about
these relationships. In doing so, we intended to deter-
mine whether the aforementioned variables on their own,
or in conjunction with one another served to change the
strength and/or direction of relationships between total
sedentary time and cognitive function.

Methods

The protocol for this review is registered on PROSPERO
(registration number: CRD42018082384). The review and
meta-analysis were also completed in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines (PRISMA). This paper was
also conducted in accordance with the PRISMA in Exer-
cise, Rehabilitation, Sports Medicine, and Sports Science
guidelines (PERSIST).

Search Strategy

We searched the following electronic databases from
inception to February 13th, 2021: Excerpta Medica
(EMBASE); Web of Science; PsycINFO; Cumulative Index
to Nursing and Allied Health Literature (CINAHL); Sci-
entific Electronic Library Online (SciELO); SPORTDis-
cus; PubMed; and Scopus. The databases were searched
using a combination of controlled vocabulary (MeSH)
and free text terms. The review authors along with
librarians at The University of Queensland and West-
ern University developed the search strategy. The search
included terms related to the exposure (i.e., sedentary
behaviour), the population (i.e., middle-aged and older
adults), and the outcome of interest (i.e., cognitive func-
tion) (See Additional file 1 for an example search strat-
egy for Scopus). All database searches were appropriately
revised to suit the specific database. Where the database
software had the function, we used "forward" citation
searches (showing the sources that cite these articles) on
the studies we included in this systematic review. Addi-
tionally, reference lists of all relevant reviews on cognitive
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outcomes and sedentary behaviour from the last 10 years
were hand-searched. These reviews were identified in the
initial title and abstract screening and through a search of
our key terms in Cochrane. All additional articles identi-
fied through these other sources were subject to the same
eligibility criteria and screening process as those found
through the electronic database searches.

Selection Criteria

Types of Participants

The focus of this review was middle-aged and older
adults. Therefore, we included studies where the mean
age of the population was aged 40 or over [29]. Studies
from any country were included. If the data set had been
used more than once, the publication most relevant and
appropriate for the current review was included.

Types of Interventions/Exposure

This review examined studies where the intervention or
exposure was sedentary behaviour, as defined by each
individual study. The definition of sedentary behaviour
is sitting or lying behaviours during waking time that
expend low levels of energy (<1.5 metabolic equiva-
lents) [14]. Studies were included if they reported the
total time spent ‘sedentary’ per day or week, or if they
reported the percentage of daily waking hours in ‘seden-
tary behaviour’ per day or week. Thus, any reference to
‘sedentary time’ in the current review can be interpreted
as ‘total’ or all-encompassing sedentary time unless
stated otherwise. Studies were excluded if they defined
and/or measured sedentary behaviour as a lack of physi-
cal activity, included sleep time in the reported sedentary
behaviour time, only measured leisure sedentary time,
or only measured a specific domain of sedentary behav-
iour. Studies were also excluded if they were a multicom-
ponent lifestyle intervention where sedentary behaviour
was only one component of the intervention. In other
words, if sedentary behaviour was only a ‘control’ con-
dition of the intervention, it was excluded. Studies spe-
cifically investigating bedrest or designed for cognitive
rehabilitation or training were excluded.

Types of Comparison
Studies with any comparators or no comparators were
eligible for inclusion.

Types of Outcome Measures

Studies measuring cognitive function and/or cognitive
impairment/decline (i.e., dementia or mild cognitive
impairment [MCI]) using a recognised method or meas-
ure were included. Cognitive outcomes from each study
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were tabulated and categorized based on the authors’
classification of which domain the task measured (i.e.,
processing speed, episodic memory, etc.). If the task was
used in more than one study and the authors reported
different domains, discrepancies were solved by the cur-
rent study’s authors using guidance from an article which
reviewed the general structures of cognitive domains,
along with assessment strategies for differentiating them
[30]. The various outcomes of cognitive function from
each study were grouped into one or more of the follow-
ing domains: (1) processing speed; (2) episodic memory;
(3) global cognitive function; (4) motor skills and con-
struction; (5) executive function; (6) cognitive flexibility
and (7) working memory. The definition and acceptable
cognitive tests for each domain are described in Addi-
tional file 2. Studies that measured cognitive function
as defined by brain volume or cerebral blood flow using
Magnetic Resonance Imaging (MRI) or Positron Emis-
sion Tomography (PET) were excluded.

Types of Studies

Quantitative empirical studies published in any year were
included, including observational (cross-sectional and/
or longitudinal) and intervention/experimental studies.
Discussion articles, conference proceedings, book chap-
ters, theses or commentaries not presenting empirical
research in a peer-reviewed journal were excluded. Stud-
ies published in a language other than English were also
excluded.

Selection of Studies

Titles and abstracts of the identified studies were inde-
pendently checked by two review authors using Covi-
dence systematic review software and those that clearly
did not meet the inclusion criteria were excluded. Full
texts were then also reviewed by two authors. At both
stages of the screening process, the authors discussed any
discrepancies in their initial judgements and reached a
consensus.

Data Extraction

Data from each of the included studies were extracted
independently by one review author and checked by a
second author for accuracy. The following data from
each of the included studies were extracted and can be
found in Tables 1, 2, 3 and 4: (1) author name and year;
(2) study design; (3) participant characteristics (country,
number of participants in each group, mean age, per-
cent of female participants, and sedentary time reported;
(4) measure of exposure (i.e., sedentary behaviour); (5)
measure of outcome (i.e., cognitive function); (6) covari-
ates used in the least and fully adjusted models (if appli-
cable) and (7) main findings/numerical results for each
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outcome of interest (i.e., correlation coefficients, mean
[SD], effect sizes, p values, etc.). Additional information
that was extracted, but not reported within Tables 1, 2,
3 and 4 consisted of: (1) study objectives; (2) source of
recruitment/method; (3) inclusion/exclusion criteria;
(4) number of groups and method of group allocation (if
application); (5) type of data (i.e., binary or continuous)
for both exposure and outcome variables; (6) time frame
of intervention/observation; (7) statistical methodology
(i-e., subgroup analysis, intention to treat, etc.); (8) con-
clusion; (9) limitations identified by the authors and 10)
any declared conflict of interest. If any study reports were
incomplete or if data were missing, corresponding study
authors were contacted via email.

Quality Assessment

Two review authors assessed the quality of each paper
independently using the study quality checklist QualSyst
proposed by Kmet et al. (2004), allowing assessment of
both experimental and quasi-experimental studies [31].
Studies were scored (0—No, 1—Partial, 2—Yes) on 14
criteria. Aspects covered included the quality of study
design, confounders, blinding, selection bias and misclas-
sification bias. The sum of all scores was then divided by
the highest possible score for each study. Any discrepan-
cies between the two authors’ assessment were further
discussed until a quality percentage score was agreed
upon. A quality score of >75% indicates strong qual-
ity, a score between 55 and 75% moderate quality, and a
score < 55% weak quality.

Data Synthesis and Analysis

Systematic Review

First, regardless of the statistical procedure used, all stud-
ies that reported an association (cross-sectional, longitu-
dinal and experimental studies) of sedentary behaviour
with cognitive function were synthesized into a pinwheel
based on the method of sedentary behaviour meas-
urement and the cognitive domain that was assessed.
Method of measurement was separated into three cat-
egories (1) self-report; (2) activPAL"™ or (3) other device
(i.e., Actigraph). The two device-based measures were
separated due to activPAL being the gold standard for
measuring sedentary time, as they can differentiate sit-
ting from standing. Cognitive function was separated
into the seven various cognitive domain categories stated
previously. Second, studies were synthesized based on
associations reported using sedentary behaviour as a cat-
egorical variable (i.e., high versus low groupings). Third,
studies that reported on the pattern of sedentary time
accumulation (i.e., 30 + min bouts or number of interrup-
tions) and its association with cognitive function. Fourth
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and finally, studies comparing prevalence of sedentary
behaviour between healthy versus cognitively impaired
populations.

Meta-analysis

Studies that were of high quality (i.e., scoring 75% or
greater on the quality score outcome) were considered
for inclusion in the meta-analysis. Studies that analysed
cognitive function and sedentary behaviour as continu-
ous variables were pooled into a random effects model
meta-analysis using Comprehensive Meta-analysis Soft-
ware (version 3). Random-effects models were chosen as
heterogeneity was expected given the differences in study
populations and procedures. Heterogeneity was deter-
mined by Cochran’s Q statistic and /* values (values of 25,
50 and 75 were considered to indicate low, moderate and
high heterogeneity, respectively) [32]. Planned sub-group
and meta-regression analyses were conducted to exam-
ine the contribution of specific variables to heterogeneity.
These were specified a priori and were as follows: meas-
urement type (activPAL™, other device or self-report),
outcome assessment (cognitive flexibility, episodic
memory, executive function, global cognitive function,
motor skills and construction, processing speed and
working memory), physical activity (studies controlling
for physical activity time), number of covariates (num-
ber of covariates used in the analysis), age (mean age of
population), percent female (percent of the population
reported as females) and sedentary time (sedentary time
reported in hours). Sub-group analyses were employed
when five or more studies were available that used the
same design (i.e., cross-sectional), and reported a corre-
lation, standardized or unstandardized regression coef-
ficient [33]. Where r was not reported, we transformed
standardized beta (B) values to r based on the formula
described by Peterson et al. (2005) [r=5+0.051 [34].
Where unstandardized betas were reported, they were
converted to standardized values with the following for-
mula: [standardized beta=unstandardized beta x (SD of
independent variable/SD of the dependent variable)]. If a
study reported data for more than one model, the least
adjusted model was used within the analysis to improve
comparability between studies. If a study reported data
for more than one outcome, each study was used as the
unit of analysis in the overall model. Studies reporting
prevalence of sedentary time between populations diag-
nosed with mild cognitive impairment or dementia and
populations considered cognitively healthy were also
analyzed in a random effect meta-analysis using means,
sample sizes and p values. If a study was deemed unsuit-
able for the meta-analysis (i.e., units not comparable or
missing key information) the authors were contacted in
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an attempt to obtain the necessary data. We had intended
to also calculate the pooled mean effect of the longitu-
dinal, experimental and studies reporting on patterns of
sedentary behaviour time accumulation. However, this
was not possible due to the low number and heteroge-
neity between the studies. Publication bias was assessed
using a funnel plot of all included studies to allow for vis-
ual inspection of publication bias.

Results

Search Results/Study Characteristics

The initial electronic database search identified 5886
papers with one additional paper found through forward
searching. After duplicates were removed, 4673 papers
remained for title and abstract screening. After the initial
screening stage, 124 papers were identified for full text
review. Following the full text review, 71 were excluded
(see Additional file 3 for detailed reasons of exclusion)
leaving 53 to meet the inclusion criteria (see Fig. 1 for
the PRISMA flow diagram). Twenty-eight of the 53 stud-
ies were secondary data analyses; with 41 of the stud-
ies being published in 2017 or later. Tables 1, 2, 3 and 4
summarize the characteristics of the included studies,
including participant characteristics, exposure measure-
ment method, outcomes reported (task and correspond-
ing domain), covariates used and the main outcomes
of interest. Of the 53 studies included in this review,
most were observational in nature. Forty-three studies
employed a cross-sectional design; four of those report-
ing both cross-sectional and longitudinal data [35-38]
and two studies reporting longitudinal data only [39, 40].
Three of the 43 cross-sectional studies also implemented
isotemporal substitution models [41-43] and the remain-
ing eight consisted of various experimental designs (i.e.,
randomized crossover). The average quality score was
83%, ranging from 59 to 100% (see Table 5).

Population

The total sample size from the 53 studies was 83,137 mid-
dle-aged and older adults (study population sizes ranged
from 12 to 32,715 (median of 150) with mean ages rang-
ing from 40.8 to 88.0 years old. Studies were mainly con-
ducted in the USA (n=20), but other countries included
were Canada (n=5), Australia (n=4), Japan (n=5),
Netherlands (7 =6), Sweden (n=2), Taiwan (n=2), Bra-
zil (n=1), Chile (n=1), China (n=2), England (n=1),
Finland (n=1), Germany (n=1), Ghana (n=1), Hong
Kong (n=1), India (n=1), Ireland (n=1), Italy (n=1),
Mexico (n=1), Portugal (n=1), Russia (n=1), Scotland
(n=1), Singapore (n=1), South Africa (n=1) and Swit-
zerland (n=1).
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Records identified through
database searching
(n=5,886)

Additional records identified through

other sources
(n=1)

Duplicates removed
(n=1,214)

A 4

(n=4,673)

Titles and abstracts screened

Records excluded
(n = 4,549)

\ 4

v

for eligibility
(n=124)

Full-text articles assessed

Full-text articles excluded, with
reasons
(n=71)

|

Population n = 16
Exposure n =22
Outcomen =12

(n=53)

Studies included in
qualitative synthesis

Othern =21

A,

(n=23)

Studies included in the Meta-Analysis

Fig. 1 PRISMA flow diagram of the search and screening process in review of sedentary behaviour with cognitive function

Exposure (Sedentary Time)

Tables 1, 2, 3 and 4 describe and summarize the method
of sedentary behaviour measurement for each study. The
majority of the studies (n=44) used a device (i.e., accel-
erometer, inclinometer) to measure sedentary behaviour.
Eight various devices were used, and only 10 of the 44
device-based studies used an activPAL"™. The reported
device measured sedentary behaviour time ranged from
405 min per day [44] to 1038 min per day [45]. Three of
the studies using a device also used a self-report meas-
ure. Eight studies used only a self-reported measure. Five
different self-report measures were used, and two stud-
ies [46, 47] did not specify their measurement tool. Self-
reported sedentary behaviour time ranged from 225 min
per day [48] to 803 min per day [49].

Outcome (Cognitive Function)

Tables 1, 2, 3 and 4 include all measures used within each
study and its corresponding cognitive domain. Process-
ing speed and episodic memory were assessed with 16
and 15 different measures respectively. Nine different
measures were used to assess global cognitive function.
Ten different measures were used to assess executive
function, seven for cognitive flexibility and eleven for
working memory. Lastly, five different measures were
used to assess motor skills and construction.

Association of Total Sedentary Time with Cognitive
Function

Studies assessing the association of sedentary time with
cognitive function are summarized in Tables 1, 2, 3 and
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Fig. 2 Forest plot of all studies reporting on an association of sedentary behaviour with cognitive function based on method of measurement
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4 and illustrated in Fig. 2. Overall, most studies report
no association, with some reporting that more sedentary
time was associated with worse cognitive function and
the fewest studies reporting the more sedentary time was
associated with better cognitive function. We can also
observe that experimental studies in the area are lacking,
with mixed associations found from longitudinal studies.

Association of Total Sedentary Time with Cognitive Function
Based on Measurement Type

Figure 2 illustrates that six studies showed positive asso-
ciations [38, 41, 43, 47, 50, 51] (i.e., more sitting resulting
in better cognitive function), with most of these studies
(n=4) using self-reported measures of total sedentary
behaviour time [38, 43, 47, 51]. Figure 2 also shows that
20 studies found negative associations [35-37, 39, 40, 43,
47, 48, 52-63] (i.e., more sitting resulting in worse cogni-
tive function), with most of these studies (n=16) using a
device to measure total sedentary behaviour time [35-37,
40, 47, 53-63].

Association of Total Sedentary Time with Cognitive Function
Based on Cognitive Domain

Associations of sedentary time with cognitive function,
based on cognitive domain are summarized in Tables 1,
2, 3 and 4 and illustrated in Fig. 2. For studies using a
device for measurement of sedentary behaviour time,
there were 12 studies assessing cognitive flexibility [40—
42, 44, 50, 51, 53, 54, 58, 64—66], 16 studies for episodic
memory [47, 50, 53, 54, 58, 59, 61, 62, 65-72], 11 studies
for executive function [40, 50, 53, 54, 58, 59, 62, 66, 71—
73], 16 studies for global cognitive function [35-37, 47,
53-55, 57, 60, 63, 67, 74—78], three studies reporting on
the domain of motor skills and construction [35, 56, 72],
20 studies for processing speed [35, 40, 41, 41, 47, 50, 51,
53, 54, 56, 58, 59, 62, 65-69, 71, 72, 79] and 15 for work-
ing memory [40-42, 50, 51, 53, 54, 58, 62, 64—66, 70, 72,
73]. For studies using self-report to measure sedentary
behaviour time, there were two studies for cognitive flex-
ibility [49, 51], five studies for episodic memory [43, 47,
49, 80, 81], seven for global cognitive function [38, 39, 47,
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48, 52, 80, 82], six for processing speed [43, 47, 49, 51, 80,
81] and two for working memory [49, 51]. Overall, results
of the studies were mixed, with no consistent associations
found for any of the domains. Figure 2 demonstrates that
the relationship of sedentary time with some cognitive
domains remains unexplored (i.e., domain of motor skills
and construction and executive function for studies using
self-report to measure sedentary behaviour time).

High Versus Low Sedentary Time

More detailed results of the studies that used categories
of sedentary time can be found in Table 1. One study
grouped sedentary time into two groups (i.e., high versus
low) [52]. They report that those in the high sedentary
time group had significantly higher odds for mild cog-
nitive impairment. Three studies [36, 53, 82] separated
sedentary time into tertiles. One study [82] reported the
people in the highest tertile of sedentary time had the
highest cognitive function while the other two [36, 53]
found the opposite (i.e., participants in the highest tertile
of sedentary time had the worst cognitive function). One
study used quartiles to group sedentary time, based on
level of physical activity. They reported no associations
for time spent in sedentary behaviour with any of their
cognitive measures [67].

Associations Based on Pattern of Accumulation

Table 2 describes the 11 studies that assessed the associa-
tion of various patterns of sedentary time accumulation
with cognitive function [35, 53-55, 64, 68, 7476, 83, 84].
Six studies investigated whether more prolonged bouts
of sedentary time (30 4+ min) were associated with cogni-
tive function [53, 55, 64, 68, 74, 76]. Four studies reported
no association [53, 68, 74, 76] and two studies reported a
significant association [55, 64] for more prolonged sed-
entary bouts with worse cognitive function. Five studies
reported on sedentary behaviour pattern of accumulation
(i.e., interruptions in sitting time via sit to stand transi-
tions, duration of sedentary bouts or number of seden-
tary behaviour bouts) and cognitive function, and all five
observed no association [35, 64, 68, 75, 76].

Prevalence (Cognitively Impaired vs. Healthy)

Table 3 describes the 12 studies that assessed the preva-
lence of sedentary time between populations with cog-
nitive impairment or dementia and cognitively healthy
populations [45, 46, 52, 5457, 68, 77, 83—86]. Eight stud-
ies reported the cognitively impaired population spend-
ing more time sedentary [45, 46, 52, 56, 68, 83, 84, 86]
while five studies reported no significant difference [54,
55, 57, 77, 85]. Five studies reported if prolonged bouts
of sedentary time differed between cognitively impaired
and non-impaired populations [54, 55, 68, 83, 84]. Three
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studies reported the number of prolonged bouts did not
differ between cognitively impaired and non-impaired
populations [54, 83, 84] and two studies reported the
number of prolonged bouts did significantly differ [55,
68]. For pattern of sedentary behaviour time accumula-
tion, three studies reported no difference between the
two groups [54, 68, 83].

Experimental Studies

Figure 2 illustrates the eight studies that utilized an
experimental design and Table 4 describes them in detail.
The experimental periods ranged from 3 h to 12 months.
Overall, the shorter experimental protocols (i.e., 3 h
to four days) showed less consistent findings than the
longer-term protocols (i.e., eight weeks to 12 months).
For example, two of the three studies that were eight
weeks or longer showed a positive effect of reducing sed-
entary behaviour on cognitive functioning while only one
of the five shorter-term studies (i.e., four days or less)
showed any benefit.

Meta-analysis Results

Total Sedentary Time and Cognitive Function

Twenty-three studies including 41,334 participants
were pooled and showed a non-significant association
of higher sedentary time with worse cognitive function
(Fig. 3: r=-0.012 [95% CI—0.035, 0.011], p=0.296).
Heterogeneity between the studies was statistically sig-
nificant (Q=219.694, df=25, p<0.001) and large in mag-
nitude (I>=89%). Visual assessment of the funnel plot
(Fig. 4) suggests no notable asymmetry.

Meta-regression

The results of the a priori subgroup meta-regression
analyses to explore heterogeneity are shown in Table 6.
Measurement type and sedentary time were significant
(p<0.05).

Subgroup Analyses of Device-Based Studies

Subgroup analyses of studies using a device to measure
sedentary time suggested that more sedentary time was
significantly associated with worse cognitive function
(Fig. 5; r=—0.035 [95% CI—0.063,—0.008], p=0.012).
Heterogeneity between the studies was statistically sig-
nificant (Q=87.629, df=19, p<0.001) and large in mag-
nitude (I>="78%).

Subgroup Analyses of Cognitive Domains from Device-Based
Studies

There were sufficient studies to meta-analyse the rela-
tionship of device-based sedentary time with five of
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Studv name Subaroup within study Quicome. Statistics for each studv.
Lower  Upper Relative  Relative
Correlation limit limit  ZValue  pValue weight  weight
Bojsen-Moller et al. (50) Combined ined 000 0003 0.083 1788 0077 548
Bolizert & Mot (68) Combined Combined 0077 0183 00% 0.133 242
Buzynska et al. (65) Zsoore Combined 0.085 0088 0133 0.2 203
Cukic etal. (25) Combined Combined 0027 00w 0042 0443 334
Enlers et al. (41) Combined Combined 0028 0024 0.088 0.28 423
Falok et al. (55) ADAS-c0g score Global Cognitive Function 0082 0234 077 0614 078
Fanning et al. (42) Combined Combined 0038 0088 0007 0018 554
Garcia-Hermoso et al. (48) MuSE Global Cogritive Function 0083 0125 0001 0.048 422
Iso-Markku et al. (78) telephone assessment Global Cognitive Function 0200 028 D129 0.000 378
Johnson et al. (85) Combined Combined 004 018 0039 0.203 33
Koolhaas et al. (37) Combined Global Cognitive Function 0020 0055 0015 0288 539
Ku et al. (38) Dementia 8:tem Questionnaire ~ Global Cognitive Function 0150 0284 0032 0013 229
Massakkers et al. (38)a ms Global Cognitive Function 0.085 0017 0.113 0.008 485
Maasakkers et al. (38)b MuSE Global Cognitive Function 0007 0087 0042 0172 477
Maasakkers et al. (38)c musE Global Cogritive Function 0004 0042 0.035 0243 526
Maasakkers et al. (38)d muse Global Cogritive Function 0.035 0.000 071 0048 539
Marinzo et 3. (64) Combined Combined 20201 0274 010 0,034 118
Olanrewaiu et al. (80) Combined Combined 0.8 0.045 0070 0.000 608
Rosenberg et al. (51) Combined Combined 0018 0040 0,075 0548 443
Siddarth et al. (81) Combined Combined 0075 0124 0289 0.480 107
Suzuki et al. (87) Combined Giobal Cognitive Function 0083 0221 o118 0549 128
Vasquez et al. (47) Combined Combined 0019 008 D012 0.000 e.1e
Watts et al. (54) Combined Combined 003 0184 003 0.002 423
Weietal. (43) Combined Combined 0.057 00s o077 0.000 590
W etal. (63) MoCA Global Cogritive Function 0020 013t 0022 027 247
Ziatar et al. (88) Combined Combined 004 0041 0.135 0232 a1
0012 0035 0011 02%
1.00 -0.50 050 1.00
Negative Positive

Fig. 3 Forest plot of all eligible studies for the meta-analysis reporting on the association of sedentary behaviour with cognitive function using

a random-effects model. ACE-/ll Addenbrooke’s Cognitive Examination, ADAS-cog Alzheimer’s Disease Assessment Scale—Cognitive, MMSE Mini
Mental State Examination, 3MS Modified Mini Mental State Examination, MoCA Montreal Cognitive Assessment. Note a is the SALSA cohort, b is the
PATH cohort, c is the SGS cohort, and d is the SLAS2 cohort reported within one paper

Funnel Plot of Standard Error by Fisher's Z
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Fig. 4 Funnel plot for all eligible studies in the meta-analysis reporting on the association of sedentary behaviour with cognitive function using a
random-effects model

the seven domains of cognitive function. Global cogni-  function (Fig. 6; r=—0.061 [95% CI—0.100,—0.022],

tive function and processing speed showed significant  »p=0.002; Q=27.597, df=9, p<0.01, P=67% and
negative associations for sedentary time with cognitive  Fig. 7; r=-0.067, [95% CI—0.103,—0.030], »<0.001;
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Table 6 Meta-regression main results for random effects

Variable Number of Comparison groups f8 95% Cl p value R-squared
studies
Measurement type® 31 n/a 0.075 [0.038,0.111] <0.001 0.63
Physical activity® 27 n/a —0.062 [—0.135,—0.012] 0.102 0.10
Number of covariates 27 n/a —0.006 [—0.173,0.006] 0.337 0.00
Age 27 n/a —0.003 [—0.006, 0.004] 0.092 0.05
% Female 27 n/a —0.001 [—0.001, 0.004] 0.327 0.00
Sedentary time (h) 27 n/a —0.017 [—0.029,—0.004] 0.009 0.28

2 Device or self-report

b Studies that included physical activity as a covariate. Bold indicate that the significance of p values < 0.05

Study name Subgroup within study Outcome Statistics for each study Correlation and 95% CI
Lower  Upper Relative  Relative
Correlation limit limit ZValue p-Value weight weight
BojsenMoler etal. (0)  Combined Combined 00 3 0083 1768 0017 810
Bollaert & Mol (68) Combined Combined 0077 D18 0038 1223 0.183 3ze
Burzynska et al. (89) Z score Combined 00es 0088 0.182 0574 0220 298
Cukic et al. (35) Combined Combined 0027 00 0.042 20758 0448 5.8
Enlers et al. (41) Combined Combined 0028 00 0.088 0388 639
Falck et al. (55) ADAS-cog score Global Cognitive Function 0082 0234 0.477 0614 114
Fanning et al. (42) Combined Combined 0028 20089 0.007 0.018 219
Iso-Markku et al. (78) telephone assessment Giobal Cognitive Function 0.200 0.289 20128 0.000 —— 558
Johnson et al. (85) Combined Combined 0.044 £0.128 0.039 0.303 438
Koolhaas et al. (37) Combined Giobal Cognitive Function 0.020 0.055 0.015 0.288 7.9
Kuetal (28) Dementia -tem Questionnaire Global Cognitive Function 0.150 0284 0.022 0.013 e f— 337
Maasakkers et al. (38)c MMSE Global Cognitive Function -0.004 -0.042 0.035 0.843 .
Marinac et al. (84) Combined Combined 0.201 7 2.018 E 0.034 i — 172
Rosenberg et al. (51) Combined Combined 0.025 55 0.105 0611 0.541 5.15
Siddarth et al. (81) Combined Combined 0.075 D.124 0.289 0739 0.480 —_— 157
Suzuki et al. (57) Combined Global Cognitive Function 0083 2221 0118 0.5% 0549 ——] 20
Vasquez etal. (47) Combined Combined 00 0073 005 13214 0.000 [ | 908
Watts et al. (54) Combined Combined .04 0.023 2039 0.002 - 6.33
Wu et al. (83) MoCA Giobal Cognitive Function 0.020 1 0.0%2 0.349 0727 —_— 363
Ziatar et al. (88) Combined Combined 0.048 0.041 0.135 1.053 0292 ——— 470
003 0083 0008 2519 0012 &
-1.00 -0.50 0.00 0.50 1.00
Negative Positive

Fig. 5 Forest plot of all eligible studies for the meta-analysis that used a device as the method a measurement for sedentary behaviour reporting
on the association of sedentary behaviour with cognitive function using a random-effects model. c is the SGS cohort. ADAS-cog Alzheimer's Disease
Assessment Scale—Cognitive, MMSE Mini Mental State Examination, MoCA Montreal Cognitive Assessment

Study name Subgroup within study Outcome Statistics for each study Correlation and 95% CI
Lower Upper Relative Relative
Correlation limit limit ZValue  p-Value weight weight
Cukoetal 39 o factr Gibal Cogritve Function oom om0 om0 713
Falck et al. (55) ADAS-00g score Global Cognitive ction 0.082 0.294 0.177 0.504 0.614 234
Iso-Markky et al. (75) telephone sssessment Giobal Cognitive Function 0200 22:8 D128 5451 0.000 s 2.2
Keohass etal (37 Combined Gl Cogrite Function oo oms oo ams oz 1835
Ku et al. (38) Dementia 8-item Questionnaire Global Cognitive Function £0.150 0284 £0.032 -2.488 0.013 i sl 7.18
Maasakkers et al. (38)c MMSE Global Cognitive Function 0.004 0.035 2138 0.843 17.88
B Combined Gibal it Function o0 ors  ome o wie
Vasquez et al. (47) overall score Global Cognitive Function 0.044 .021 -3.807 0.000 . 20.14
Watts et al. (54) MMSE Global Cognitive Function 0.082 .29 0.138 0735 0.482 277
— wech Gl Cogritve Function oo om oo o o7 778
20.081 0100 002 3082 0.002 <&
1.00 0.50 0.00 0.50 1.00
Negative Positive
Fig. 6 Forest plot of all eligible studies for the meta-analysis that used a device as the method a measurement for sedentary behaviour reporting
on the association of sedentary behaviour with the cognitive domain of global cognitive function using a random-effects model. ¢ is the SGS
cohort. ADAS-cog Alzheimer’s Disease Assessment Scale—Cognitive, MMSE Mini Mental State Examination, MoCA Montreal Cognitive Assessment
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Study name Subgroup within study Outcome Statistics for each study Correlation and 95% CI
Lower Upper Relative Relative
Correlation limit limit Z-Value p-Value weight weight
Bojsen-Moller et al. (50) Combined 044 012 0.032 -1.131 0.258 e 13.78
Sotaen & Vot (55 Comtines W oz ooe  ams oo ——t s
Z score 009 0.139 0.121 £0.135 0.8%3 com— — 8.38
choice RT 100 Q.217 0.019 1.8 0.100  — 7.24
TMT A 058 0.081 0.176 0.241 e 7.4
™™T A 0,082 022 0.082 0.284 ——t— 5.42
pattern comparison test 0.543 0.145 0.229 0.91
T™™T A g Spee: 0.020 .08 0.133 0.729 e s 7589
Digit symbol Processing Speed 0.180 D434 0.183 0.302 1.08
Vasquez et al. (47) Combined Processing Speed 0.102 0.118 0.088 0.000 . 240
Watts et al. (54) Combined Processing Speed £0.073 0.181 0.017 1.596 0.110 e 1.25
Ziatar et al. (88) letter fluency Processing Speed 0.129 0388 0.149 0.508 0.284 — 82
0.087 £0.103 0.030 574 0.000 .
-1.00 -0.50 0.00 0.50 1.00
Negative Positive

Trail Making Test A

Fig. 7 Forest plot of all eligible studies for the meta-analysis that used a device as the method a measurement for sedentary behaviour reporting
on the association of sedentary behaviour with the cognitive domain of processing speed using a random-effects model. RT reaction time; TMT A

Study name Subgroup within study Outcome Statisties for each study Correlation and 95% CI
Lower  Upper Relative  Relative

Correlation limit limit ZValue  pValue weight weight
Bojsen-toler et al. (50) Combined Working Memory 0.028 .00 0.081 1568 0.7 .- 2.28
Enlers et al. (41) ™T8 Working Memory 0.050 0.070 0.168 0.820 0.412 el rom— 9.12
Faig et . (42 Combioad Wodking iaory oo awe oo oo 1 -
Johnson et al. (85) ™8 Working Memory .05 20.1%2 0.084 0681 0.4%8 —— 661
Marinac et al. (84) fist sorting Working Memory 2.110 0452 0281 0572 0.587 — 107
Rosenberg et al. (51) ™TB 0.030 0.083 0.142 0.519 0804 et e 10.00
Watts et al. (54) Combined £.003 0.128 0.123 0.047 082 8%
Ziatar et al. (66) ™e Working Memory 0.087 2.1%0 0.252 0542 —_— 191

0.000 20.039 0.039 0.008 0.585 ’
.00 -0.50 0.00 0.50 1.00
Negative Positive

Fig. 8 Forest plot of all eligible studies for the meta-analysis that used a device as the method a measurement for sedentary behaviour reporting
on the association of sedentary behaviour with the cognitive domain of working memory using a random-effects model. TMT B Trail Making Test B

Q=15.858, df=11, p=0.146, ’=31% respectively).
No associations were found for the domains of work-
ing memory (Fig. 8; r=0.000 [95% CI—0.039, 0.039],
p=0995 Q=9.065 df=7, p=0.248, *=23%), epi-
sodic memory (Fig. 9; r=0.027 [95% CI—0.064, 0.117],
p=0.558; Q=46.583, df=7, p<0.001, I> =85%) or cogni-
tive flexibility (Fig. 10; r=—0.007 [95% CI —0.043, 0.029],
p=0.698; Q=7.929, df=7, p=0.339, P=12%).

Subgroup Analyses of Self-Report-Based Studies

Subgroup analyses of studies using a self-report measure
of sedentary time suggested that more sedentary time
was significantly associated with better cognitive func-
tion (Fig. 11; r=0.037 [95% CI—0.019, 0.054], p <0.001).
Heterogeneity between the studies was statistically

significant (Q=28.994, df=7, p<0.001) and large in
magnitude (I*=76%) (Fig. 12).

Subgroup Analyses of Cognitive Domains from Self-Report
Studies

There were sufficient studies to meta-analyse the rela-
tionship of self-reported sedentary time with two of
the seven domains of cognitive function. Global cogni-
tive function showed no significant association (Fig. 13;
r=0.024 [95% CI—0.005, 0.053], p=0.106; Q=20.827,
df=5, p<0.05, ’=76%) while processing speed showed
a significant positive association (Fig. 13; r=0.057 [95%
CI 0.045, 0.069], p<0.001; Q=1.014, df=4, p=0.908,
B=0%).
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Study name. Subgroup within study Outcome. Statistics for each study Correlation and 95% CI
Lower Upper Relative  Relative
Correlation limit limit ZValue p-Value weight weight
Bojsen-dlober et al. (50) Combined Egisodic Memory 0.120 0,08 0.204 3.8 0.001 - 1528
Solsert & Mot (55) Combined Episodic Memory 200 o169 0.1%0 2.118 0508 2
Suzynska et 3l (89) Z score Episodic Memory 0.138 0.008 0.283 208 0.037 1284
Johnson et al. (85) HVLT-R Episodic Memary 0.001 2142 0.144 0.014 0.98% 1.8
Siddarth et al. (51) Combined Episodic Memory 0201 2041 0.421 163 0.102 762
Vasquez et al. (47) Combined Episodic Memary 2.047 2082 0031 5891 0.000 . 17.04
Watts et al. (54) Combined Episodic Memory 2278 Q412 2z Eren 0.000 —— 1.42
Zawretal. (88) Combined Episodic Memory o7 2007 021 1847 0085 2%
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Fig. 9 Forest plot of all eligible studies for the meta-analysis that used a device as the method a measurement for sedentary behaviour reporting
on the association of sedentary behaviour with the cognitive domain of episodic memory using a random-effects model. HVLT-R Hopkins Verbal
Learning Test-Revised

Study name Subgroup within study OQutcome Statistics for each study Correlation and 95% CI
Lower  Upper Relative  Relative
Correlation  limit limit  ZValue  pValue weight  weight
Bojsentoleretal (80)  TMTB Cogitive Flexibiity 002 0084 047 0.541 0588 887
Ehlers etal. (41) Combined 0016 0053 0085 0.447 0655 2144
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Fig. 10 Forest plot of all eligible studies for the meta-analysis that used a device as the method a measurement for sedentary behaviour reporting
on the association of sedentary behaviour with the cognitive domain of cognitive flexibility using a random-effects model. TMT B Trail Making Test B

Study name Subgroup within study Outcome Statistics for each study Correlation and 95% CI
Lower  Upper Relative  Relative
Correlation limit limit  ZValue  pValue weight weight
Garcia-Hermoso et al. (48) MuSE Global Cognitive Function 0083 0125 0.001 -1.981 0048 651
Massakkers et al. (28)a s Global Cogitive Function 0.085 0017 0113 2670 0.008 a1
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Maasakkers et al. (38 umsE Global Cognitive Function 0.035 0.000 0.7t 1508 0,043 1255
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Wei et al. (43) Combined Combined 0.057 0.0 o017 5440 0.000 17.68
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Fig. 11 Forest plot of all eligible studies for the meta-analysis that used self-report as the method a measurement for sedentary behaviour
reporting on the association of sedentary behaviour with cognitive function using a random-effects model. MMSE Mini Mental State Examination,
3MS Modified Mini Mental State Examination. Note a is the SALSA cohort, b is the PATH cohort, and d is the SLAS2 cohort reported within one paper
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Fig. 12 Forest plot of all eligible studies for the meta-analysis that used self-report as the method a measurement for sedentary behaviour
reporting on the association of sedentary behaviour with the cognitive domain of global. MMSE Mini Mental State Examination, 3MS Modified Mini
Mental State Examination, SR self-report. Note a is the SALSA cohort, b is the PATH cohort, and d is the SLAS2 cohort reported within one paper
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Fig. 13 Forest plot of all eligible studies for the meta-analysis that used self-report as the method a measurement for sedentary behaviour
reporting on the association of sedentary behaviour with the cognitive domain of processing speed using a random-effects model. TMT A Trail
Making Test A, DSST Digit Symbol Substitution Test. Note a is a population with over 7 h of sleep, and b is a population with under 7 h of sleep

Prevalence of Sedentary Behaviour and Cognitive Function
Eight studies provided sufficient data to be included
in the meta-analysis examining the prevalence of sed-
entary behaviour in cognitively impaired versus cog-
nitively healthy populations. The random effect model
showed a significant standard difference in mean (SDM)
hours spent sedentary (Fig. 14; SDM=-0.219 [95%
CI-0.310,—0.128], p<0.001; Q=1.858, df=7, p=0.967,
P=0%) for cognitively impaired populations spend-
ing more time sedentary when compared to cognitively
healthy populations.

Discussion

The purpose of this paper was to systematically review
and quantify the size and direction of the relationship
of total sedentary time with cognitive function and/or
cognitive impairment under selected moderator con-
ditions (i.e., method of sedentary time measurement,

the cognitive domain being examined, categorical
(i.e., high versus low) sedentary time cut-offs and pat-
tern of sedentary time accumulation). We also aimed
to explore the prevalence of sedentary time in popu-
lations diagnosed with mild cognitive impairment or
dementia versus populations deemed as being cogni-
tively healthy in middle-aged and older adults. Further-
more, we aimed to investigate whether experimental
studies aiming to reduce or break up sedentary time
affect cognitive function. Lastly, we aimed to conduct
a quantitative pooled analysis of all individual studies
through meta-analysis procedures to derive conclu-
sions about these relationships. While other reviews
have been conducted on the relationship of sedentary
behaviour with cognitive function, to our knowledge,
this is the first to quantify the association using a meta-
analysis. Based on the pooled co-efficient estimates, we
found a relationship of sedentary time with cognitive
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Study name Statistics for each study
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Fig. 14 Forest plot of all eligible studies for the meta-analysis that reported on the prevalence of sedentary time for a clinical (i.e, diagnosed with
cognitive impairment) versus non-clinical (i.e, cognitively healthy) population. a are females, and b are males. Cog impaired, cognitively impaired,
CD cognitive decline, MCI mild cognitive impairment, AD Alzheimer’s disease

function, but the direction differed depending on the
moderator being assessed. More specifically, there was
a detrimental relationship for studies using a device to
measure sedentary time while studies using self-report
tended to find a beneficial relationship. For the device-
based studies, more sedentary time was shown to be
associated with worse cognitive function when assess-
ing global cognitive function or processing speed. For
the self-report-based studies, more sedentary time was
shown to be associated with better cognitive function
when assessing processing speed. We were unable to
perform a meta-analysis on the studies assessing sed-
entary time using categorical cut-offs, pattern of sed-
entary time accumulation, or the experimental studies
due to large heterogeneity. We were able to perform a
meta-analysis for the prevalence studies and found that
cognitively impaired populations spend significantly
more time sedentary compared to non-impaired popu-
lations. Beyond these general findings, the following
specific findings warrant commentary.

The variability within the various methods of seden-
tary time measurement (i.e., self-reported versus device-
based) has been highlighted in previous literature [23]
and our findings further demonstrate how it continues
to be an obstacle. It is important to note that recall bias
from self-reporting sedentary time is an issue for all age-
groups and populations, but especially in older adults
who may be more susceptible to cognitive impairment;
as older adults have more memory complaints which may
be related to poorer understanding of the questions due
to cognitive impairment [87]. This could be a reason for
the discrepancy in our findings and is supported by our
meta-regression which showed that measurement type
(i.e., device versus self-report) was a significant predictor

in the overall model (~68%). However, this is not to sug-
gest that we should abandon self-report methods, as
previous studies have also indicated the importance of
self-report measures for capturing the context of behav-
iour (i.e., television viewing versus reading or writing)
[23]. Furthermore, due to the definition of sedentary
behaviour being distinct from a lack of physical activity,
it is imperative to differentiate between the two when
assessing each behaviour. Many of the studies included in
the current review that did measure sedentary time with a
device were unable to distinguish physical inactivity (i.e.,
lack of movement) from sedentary time (i.e., low energy
expenditure in a seated or lying posture). For example,
data from a hip-worn ActiGraph GT3X+is shown to
consistently underestimate time spent sitting compared
to the thigh worn activPAL"™ monitor [54] due to its lack
of ability to distinguish sitting from standing still. Future
studies need to ensure that they are not reporting physi-
cal inactivity (i.e., not meeting the physical activity guide-
lines) as sedentary time in order to properly advance this
field of research. Additionally, future work in this field
should perform a meta-analysis on studies only using an
activPAL™ and compare the results to studies using other
devices when there is more available research. Bias could
also be due to different measures of sedentary time (i.e.,
total sedentary time, percent sedentary in waking hours,
24-h wear period, etc.). However, total sedentary time
and percent sedentary during waking hours should be
equivalent as sedentary behaviour does not include sleep,
and for that reason we excluded studies that reported
sedentary behaviour that included sleep time.

We also found the relationship of sedentary time with
cognitive function may differ depending on which cogni-
tive domain was being assessed (e.g., working memory,
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processing speed, etc.). Amongst the various cognitive
domains that were assessed, when using a device, more
sedentary time was shown to be associated with worse
cognitive function when assessing global cognitive
function or processing speed. When using a self-report
measure of sedentary time, more time spent sedentary
was associated with better cognitive performance when
assessing processing speed. While our findings highlight
variability in the domain of processing speed, it is prema-
ture to conclude that it is the most important cognitive
domain at this time. However, it is noted as the domain
most strongly correlated with impairments in everyday
functions [30]. The differences in the associations found
for processing speed between device-based and self-
reported measured sedentary time studies illustrates
how important the measure of sedentary time is (as dis-
cussed in the previous paragraph), since the same task
can show different associations. For example, the Digit
Symbol Substitution task showed a negative association
in the device-based forest plot (Fig. 7) and a positive
association in the self-report forest plot (Fig. 13). These
findings are important as certain parts of the brain may
be affected by sedentary behaviour more so than others.
For example, one study found that sedentary behaviour
is negatively associated with white matter volume, but
not grey matter volume [88]. Additionally, cognitive pro-
cessing speed has been closely related to the structural
integrity of white matter [89]. We hypothesize that high
levels of sedentary behaviour might be affecting regions
of the brain involved in specific domains (i.e., process-
ing speed), more so than others (i.e., working memory).
While the specific regions of the brain involved in such
tasks are beyond the scope of this review, we believe it
to be an important point to bring up for future research
to consider. Compared to a previous review on seden-
tary behaviour and cognitive function, our meta-analysis
findings are only consistent for global cognitive function.
Falck et al. (2016) indicated associations with memory,
executive function and global cognitive functioning.
The numerous measures used to assess cognition, even
when assessing the same domain is problematic as it
makes it challenging to compare studies [24]. For exam-
ple, Bojsen-Moller et al. (2019) use two different tests to
assess processing speed (Trail Making Test A and Digit
Symbol) and four different tests to assess working mem-
ory (Digit Span Backwards, N-Back, Automated Opera-
tion Span, Trail Making Test B) [50] while Kojima et al.
(2019) use one test for processing speed that Bojsen-
Moller et al. (2019) did not use (Symbol Digit Modality
Test) and similarly, two different tests to assess working
memory (Symbol Trails and Design Memory) [40]. Falck
et al. (2016) intended to amend this problem by recom-
mending exact instruments to be used for each domain
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going forward, however, this still remained an issue in the
current review. Without analogous measures going for-
ward, conclusions about how many and which specific
domains are affected by this behaviour are not possible.
Furthermore, there needs to be agreement throughout
the literature as to which specific domain each cognitive
task is assessing. For example, one study used the symbol
digit modalities test and deemed it as assessing execu-
tive attention [90], while another deemed it as a measure
of visual/spatial processing speed and working memory
[79]. Without consensus moving forward, we will not be
able to better understand and advance the understanding
of this relationship.

There were not enough homogenous studies to meta-
analyse the relationship of sedentary time as a categori-
cal variable (i.e., high versus low) with cognitive function.
For example, one study classified ‘high’ sedentary time as
eight or more hours per day, comparing it to those with
‘low’” sedentary time (i.e., less than 8 h) [52] whereas
another study used tertiles, separating their participants
into three groups (<180 min/day,>180<308.61 min/
day,>308.61 min/day) [82]. Future studies need to
explore if a dose—response relationship exists, not just
investigate linear relationships. This is supported by
the findings of our meta-regression, in that sedentary
time (in hours) was shown to have a significant mod-
erating effect on the overall model. However, there are
currently no universally set cut points, as each author
determines the cut points for each independent study.
Therefore, exploring sedentary time and its association
with cognitive function should be investigated using both
continuous and categorical variables to investigate any
underlying relationship or threshold cut-off.

The current study was not able to provide substantial
insight on how the association of sedentary time with cog-
nitive function may differ based on the pattern of accu-
mulation. However, previous studies have shown that
there is a difference between long-uninterrupted bouts of
sedentary time versus short bouts throughout the day for
various health outcomes such as postprandial glucose and
insulin responses [91, 92], the low quality and lack of evi-
dence inhibited the ability for us to observe any association.
Therefore, more studies are needed before any inferences
can be made about how the pattern of sedentary behaviour
accumulation is associated with cognitive function.

Interestingly, when looking at the studies reporting
on the prevalence of sedentary time for impaired versus
healthy populations, we observed a consistent difference.
We found that more cognitively impaired people spend
significantly more time sedentary compared to their con-
trol counterparts. This has ramifications for populations
in assisted living environments, as reducing sitting may
be a way to reduce or mitigate cognitive decline.
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Only eight experimental studies were able to be
included in the current review. Due to the large het-
erogeneity in the populations and designs, results were
inconclusive, and we were not able to perform a meta-
analysis. Four studies used single day protocol [85, 86,
90, 91] one study used a four-day protocol [58], and
three studies used a longer study design (i.e., 8 weeks to
12 months) [79-81]. Of those, two of the longer studies
[79, 80] and one of the single day studies [91] showed
positive effects of reducing sedentary behaviour on cog-
nitive function. More short and long-term experimental
research is needed to explore how reducing or breaking
up sedentary behaviour affects cognitive function. Future
research should also investigate whether increasing sed-
entary behaviour (i.e., bed rest studies) affects cognitive
function.

Cross-sectionally, our device-based findings are con-
sistent with the previous review by Falck et al. (2016) that
suggested higher levels of sedentary time were associ-
ated with lower cognitive performance in adults 40 years
and over [24]. Although it is difficult to make direct
comparisons as this review consisted of mostly studies
assessing the relationship of television viewing time as
‘sedentary behaviour” with cognitive function. Our find-
ings also support the previous review by Copeland and
colleagues (2017) in adult 60 years and older in which
only half of the studies reported finding associations
between increased sedentary time and decreased cog-
nitive function [23]. The findings of our overall meta-
analysis can relate to this as without examining the
moderators of sedentary time measurement or specific
cognitive domains, we would be left with mixed associa-
tions. We were able to build upon these previous reviews
by differentiating according to the exposure and outcome
measures used (i.e., self-report versus device or specific
cognitive domains). Similarly, reviews by Loprinzi (2019)
[25] and Olanrewaju and colleagues (2020) [26] observed
conflicting associations of sedentary time with cognitive
function, differing based on sedentary behaviour type
(i.e., television viewing, computer use, etc.). This again
supports our review and our findings in highlighting how
specific moderators vary the direction and strength of the
association of sedentary time with cognitive function. It
is evident that this field of research is growing at a rapid
rate, as 60% of studies included in the current review
were published in the year 2017 or later. The heteroge-
neity in the previous reviews may be the result of differ-
ing exposure variables. For example, sedentary behaviour
in the current review consisted of ‘total sitting time, so
there is no way to know what specific activities were tak-
ing pace during its time; while studies within the afore-
mentioned reviews included domain specific sedentary
behaviours (i.e., television watching or computer time
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only). Although previous research has illustrated that
there may be a difference between cognitively demand-
ing sedentary activities (i.e., puzzles) versus passive sed-
entary activities (i.e., television viewing) [93-95]; we
believed the first step was to investigate whether sitting,
irrespective of domain, was associated with worse cogni-
tive function, which is why only studies reporting ‘total
sedentary time’ were included in the current review. Now
that there is an established association of sedentary time
and cognitive function, the next step would be to inves-
tigate specific domains (i.e., leisure time) or specific sed-
entary behaviours (i.e., television viewing) to investigate
how the association may differ.

There are some important limitations to consider with
the current review. First, there were many studies that
relied solely on self-reported data which as stated earlier,
could impose recall bias. Second, the majority of stud-
ies were secondary analyses of a study designed to test
a different primary hypothesis. In other words, many
studies included in the present review did not have cog-
nitive function as their primary outcome, and thus, may
have been underpowered to detect changes in cognitive
function. Third, our inclusion criterion for middle-aged
and older adults was a mean age of 40 years and older.
Therefore, studies could have included participants under
40 years of age, which may reduce the strength of the
results. Fourth, the heterogeneity found in the review,
both statistically generated and through the extraction of
study characteristics. Fifth, the use of studies only pub-
lished in English. Sixth, bed-rest studies, or studies aim-
ing to increase sedentary behaviour were not included in
the systematic review. Future studies should investigate
whether reduced sedentary time versus forced extended
sedentary time impacts the results. Seventh, we only
included high quality studies in the meta-analysis and only
performed sub-group analyses when five or more studies
were available. Eighth, the bulk of the evidence was from
cross-sectional studies. Thus, causality cannot be inferred,
and reverse causality remains a possibility. Future stud-
ies should aim to investigate the association of sedentary
behaviour and cognitive function over different stages of
the lifespan. It is important to note that these variables
may not show accurate associations from one static point
in time. As we age, people sit more, while cognitive func-
tion declines [96]. Due to these variables naturally going
in opposite directions, it may be more appropriate to use
evidence from longitudinal studies assessing change over
time. Seventh and lastly, we were not able to examine the
association while considering other important factors
such as physical activity time or sleep. For example, one
study investigated the association of sedentary behaviour
and cognitive function with participants who had greater
or less than 7 h of sleep and found that sleep did in fact
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have an impact on the association [43]. That said, while
these factors are beyond the scope of the current review,
we do believe these are important considerations for
future research. The main strength of the current review
is that by systematically identifying these various mod-
erators and limitations, future research can be improved.
Another strength is the use of large population-based
datasets from a range of countries and the subsequent
methods used to analyze the data. However, there were
limited studies from low-income countries or data on
ethnicity. Lastly, by systematically comparing self-report
versus device-based studies we were able to identify how
the various measurement methods affect the relationship
and give recommendations for future research in order to
improve upon this.

This systematic review and meta-analysis highlights
the need for future studies to use standardized measures
of sedentary time and cognitive function. The appropri-
ate device needs to be used to ensure we are capturing
sedentary behaviour as opposed to physical inactivity.
Furthermore, in order to better understand the asso-
ciation of sedentary time with cognitive function, future
research needs to establish categories or cut points of
sedentary time that represent ‘high; ‘medium’ and ‘low’
levels of sedentary time. More studies are needed to
investigate change in sitting behaviour over time and how
this relates to cognitive function. It is unknown whether
reducing sedentary time affects cognitive function in an
acute or more long-term nature, so future longitudinal
and experimental studies are needed to provide confi-
dence in the findings. There are key transition periods
throughout one’s life that can drastically affect sedentary
behaviour time. For example, there is evidence showing
that physical activity levels tend to decrease while sed-
entary time increases when transitioning into retirement
[97]. Assessing change over time for various populations
will allow for a better understanding of the relationship.
Lastly, total sedentary time is just one piece of the puzzle,
and more work is needed to investigate whether certain
domains of sedentary behaviour (e.g.., television viewing,
reading, etc.) changes the direction of the association.
More research is needed to establish how the relation-
ship of sedentary behaviour with cognitive function may
differ when assessing cognitively stimulating sedentary
activities (i.e., crossword puzzles) in comparison to non-
stimulating domains of sitting (i.e., television viewing).
It is hypothesized that the former domains will likely be
unrelated to poor cognitive function whereas the latter
domains will likely be related to poor cognitive function.
Determining the domains of sitting and what is happen-
ing while people are sitting, is perhaps the most impor-
tant consideration for future research.
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Conclusion

In conclusion, within the high heterogeneity of the stud-
ies reviewed, our findings suggest that the association
of total sedentary time with cognitive function is weak
and varies based on the method of sedentary behaviour
measurement and cognitive domain being assessed. Spe-
cifically, there was a negative association when using
a device for global cognitive function and processing
speed and a positive association when using self-report
for processing speed. Furthermore, our findings suggest
that cognitively impaired populations (i.e., diagnosed
with mild cognitive impairment or dementia) spend
more time sedentary than non-impaired (i.e., cognitively
healthy) populations. Overall, these findings suggest that
now that we have established that total sedentary time is
associated with cognitive function, future research needs
to explore how the sedentary time domain (i.e., occupa-
tional, leisure, transportation, etc.) and cognitive load
associated with each domain (i.e., cognitively stimulat-
ing tasks versus non stimulating) may be affecting the
association.
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Example search strategy
Below is an example of the search strategy for Scopus:

TITLE-ABS-KEY ( "aging" OR "aged" OR "middle
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deficit" OR "cognitive
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Domain

Definition

Cognitive tests

Cognitive flexibility

According to Diamond (2013), “Cognitive
flexibility is a component of executive function
that requires being able to change perspectives
spatially or interpersonally. It builds off the
domains of inhibitory control and working
memory. It also involves being flexible enough
to adjust to changed demands or priorities, to
admit you were wrong, and to take advantage of
sudden, unexpected opportunities.” (Diamond,
2013)

Letter number sequencing

Symbol cancellation

Symbol Trials

Task Switching

Task switching paradigm

The dimensional change card sort test
Trial making test B

Wisconsin card sorting task

Episodic memory

According to Harvey (2019), “This component
of the memory system interacts with working
memory storage processes to encode, maintain,
and retrieve information into and out of longer-
term storage. Memory information can be from
all sensory types and can also be verbal or
nonverbal.”(Harvey, 2019)

Brief Spanish English Verbal learning Test
Brief Visuospatial Memory Test- Revised
California Verbal Learning Test

California Verbal Learning Test- 11

Face naming score

Faces subtest from the Wechsler Memory
Scale-Third Edition

Free Recall

Hopkins Verbal Learning Test - Revised
Immediate and delayed recall

Logical memory delayed

Logical memory immediate

Logical memory recall

Picture sequence memory test

Selective reminding scores
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Verbal memory

Verbal memory Z score

Verbal paired association
Wechsler Memory Scale- revised

Word Recognition

Executive Function

According to Harvey (2019), “This cognitive
domain is referred to commonly as reasoning
and problem solving. The global concept of
executive functioning is the set of processes that
manifest control over other component
cognitive abilities, such that cognitive resources
can be effectively utilized to solve problems
efficiently and plan for the future. Thus, tasks of
problem solving, planning, manipulating mazes,
and other complex tasks where management of
multiple cognitive abilities are required, fall
under the domain of executive functioning.”
(Harvey, 2019)

Groton maze learning test
Attention network test
Attentional performance battery
Colour word inhibition

Executive function score from the
following: trail making test, verbal fluency
from the Delis Kaplan Executive Function
System, digit span backwards and mental
arithmetic from Wecshler Adult
Intelligence Scale, Wisconsin Card Sorting
Test.

Flanker or Erikson flanker test

Flexibility Score from the Computer-based
Test of Attentional Performance

Mazes
Stroop

Symbol cancellation

Global Cognitive Function

As defined by Riello et al. (2021), “cognitive
screening tools that are typically used at a
population screening stage to detect potential
cognitive impairment that may raise the
suspicion of dementia.” (Riello et al., 2021)

3MS
Addenbrooke’s Cognitive Examination
Addenbrooke’s Cognitive Examination III

Alzheimer’s Disease Assessment Scale-
Cognitive plus

Chinese version of the Ascertain Dementia
8-item questionnaire

Cognitive function overall score

Combined score from: Digit Symbol
Coding, Hopkins Verbal Learning Test, n-
back, Task switching paradigm)

g-factor test battery: Mini-Mental State
Examination, Stroop, letter-digit
substitution task, Verbal Fluency 15-word
learning test, Purdue pegboard test)




General cognitive ability factor (g)
computed from 6 tests taken from the
Wecshler Adult Intelligence Scale (Matrix
Reasoning, Block Design, Letter-Number
Sequencing, Symbol Search, Digit Span
Backwards, and Digit Symbol), Moray
Houst Test No. 12, Alice Heim 4 test)

Global composite: Digit Symbol Coding,
Hopkins Verbal Learning Test, n-back,
Task switching paradigm

Hong Kong version of Montreal Cognitive
Assessment

Items from Montreal Cognitive
Assessment

Mini-Mental State Examination
Modified Mini-Mental State Examination
Montreal Cognitive Assessment

Recommendations of the National Institute
on Aging- Alzheimer’s Association

Telephone assessment and interview for
Cognitive Status (orientation, serial
subtraction, word recall, semantics,
sentence repetition, linguistic skills, and
attention)

Motor Skills and
Construction

According to Harvey (2019), “This includes
several different basic elements of motor
activity. It includes fine motor abilities,
including manual dexterity and motor speed, as
well as reaction time, and more global skills
such as balance.” (Harvey, 2019)

Dear- Leiwald Reaction task
Grooved Pegboard Test
Reaction Test

Reaction time from the Computer- based
Test of Attentional Performance

Rey Complex Figure

Simple Reaction Time

Processing speed

According to Harvey (2019), “Processing speed
refers to cognitive processing assessments that
require rapid performance of tasks that range
from very simple to complex. The critical
feature of processing speed tasks is that
participants are instructed from the outset to
solve the task as rapidly as possible. Scoring is
often in terms of elapsed time or number of
correct responses. These tasks are intentionally
simple but may have some learning
requirements (matching symbols with digits) or
executively-oriented performance demands

Animal fluency
Block Design
Cognitrone test
Detection test
Digit Symbol

Digit symbol Coding




(alternation between letters and numbers).”
(Harvey, 2019)

Digit symbol substitution task

Digits forward
Four-choice RT
Identification test
Letter comparison

Letter fluency

Paced auditory serial addition test

Paced Auditory Serial Addition Test

Pattern comparison
Semantic fluency
Stroop 1

Symbol digit modalities test
Trail making test A
Vegetable fluency

Word fluency

Working Memory

According to Harvey (2019), “This is the ability
to hold information in consciousness for
adaptive use. This can include information from
all sensory modalities and includes verbal and
nonverbal information. Further, working
memory is conceptualized to include two
separable components: maintenance of
information and manipulation of information.”
(Harvey, 2019)

Automated operation span
Colour word inhibition
Computer based task
Design memory

Digit span backwards
Digits backwards

Letter number sequencing
List sorting

N-back

Symbol trials

Trail making test B

References:




Diamond A. (2013). Executive functions. Annual review of psychology, 64, 135-168.
https://doi.org/10.1146/annurev-psych-113011-143750

Harvey, P.D., 2019. Domains of cognition and their assessment. Dialogues Clin. Neurosci. 21, 227-237.
https://doi.org/10.31887/DCNS.2019.21.3/pharvey

Riello, M., Rusconi, E., & Treccani, B. (2021). The Role of Brief Global Cognitive Tests and
Neuropsychological Expertise in the Detection and Differential Diagnosis of Dementia. Frontiers in
aging neuroscience, 13, 648310. https://doi.org/10.3389/fnhagi.2021.648310


https://doi.org/10.31887/DCNS.2019.21.3/pharvey

Article title: Sedentary time and cognitive function in middle-aged and older adults: a
systematic review and meta-analysis

Journal: Sports Medicine

Authors: Kirsten Dillon, Anisa Morava, Harry Prapavessis, Lily Grigsby-Duffy, Adam Novic, Paul A
Gardiner

Contact: Kirsten Dillon, Faculty of Health Sciences, The University of Western Ontario, London, Ontario,
Canada N6A 3K7. Email: kdillon9@uwo.ca

Supplementary File 3
Author (year) Title Reason for exclusion
Abel, B.; Pomiersky, Day-to-day variability of multiple sensor-based physical | Other- doesn’t report
R.; Werner, C.; activity parameters in older persons with dementia association data
Lacroix, A.; Schaufele,
M.; Hauer, K.
(2019)
Alvarez-Gallardo, 1.C.; | Physical activity, sedentary behaviour, physical fitness, Exposure
Estévez-Lopez, F.; and cognitive performance in women with fibromyalgia

Torres-Aguilar, X.C.;
Segura-Jiménez, V.;
Borges-Cosic, M.;
Soriano-Maldonado,
A.; Camiletti-Moiron,
D.; Garcia-Rodriguez,
I.C.; Munguia-
Izquierdo, D.; Sierras-
Robles, A.; Delgado-
Fernandez, M.; Girela-

who engage in reproductive and productive work: the
al-Andalus project

Rejon, M.J.

(2019)

Arnardottir, N. Y ; Association of change in brain structure to objectively Outcome
Koster, A.; Van measured physical activity and sedentary behavior in

Domelen, D. R ; older adults: Age, Gene/Environment Susceptibility-

Brychta, R. J.; Reykjavik Study

Caserotti, P.;
Eiriksdottir, G.;
Sverrisdottir, J. E.;
Sigurdsson, S.;
Johannsson, E.; Chen,
K. Y.; Gudnason, V.;
Harris, T. B.; Launer,
L. J.; Sveinsson, T.



mailto:kdillon9@uwo.ca

(2016)

Bakrania, K.; Associations Between Sedentary Behaviors and Exposure
Edwardson, C. L; Cognitive Function: Cross-Sectional and Prospective

Khunti, K.; Bandelow, | gindings From the UK Biobank

S.; Davies, M. J.; Yates,

T.

(2018)

Bantoft, C.; Summers, Effect of Standing or Walking at a Workstation on Population

M. J.; Tranent, P. J.;
Palmer, M. A.; Cooley,
P. D.; Pedersen, S. J.
(2016)

Cognitive Function: A Randomized Counterbalanced
Trial

Belala, N.; Schwenk,

Quantification and Analysis of sedentary Behavior of

Other- full text not

M.; Becker, C. cognitively impaired Patients in the geriatric Acute found
(2019) Ward

Bergouignan, A.; Effect of frequent interruptions of prolonged sitting on | Population
Legget, K. T.; De Jong, | self-perceived levels of energy, mood, food cravings and

N.; Kealey, E.; cognitive function

Nikolovski, J.; Groppel,

J. L.; Jordan, C.; O'Day,

R.; Hill,J. O

Bessesen, D. H.

(2016)

Bronas, U. G.; Steffen, | Sedentary Time and White Matter Hyperintensity Outcome
A.; Dion, C.; Boots, E. | Volume in Older Adults

A.; Arfanakis, K.;

Marquez, D. X.; Lamar,

M. (2019)

Carter, S. E.; Draijer, Relationship Between Sedentary Behavior and Physical | Population
R.; Thompson, A.; Activity at Work and Cognition and Mood

Thijssen, D. H. J.;

Hopkins, N. D.

(2020)

Charlett, O.P.; Morari, | Impaired postprandial glucose and no improvement in Population

V.; Bailey, D.P.
(2020)

other cardiometabolic responses or cognitive function
by breaking up sitting with bodyweight resistance
exercises: a randomised crossover trial




Chrismas, B.C.R.; Breaking up prolonged sitting with moderate-intensity Population
Taylor, L.; Cherif, A.; | walking improves attention and executive function in

Sayegh, S.; Bailey, D.P. Qatari females

(2019)

Coelho, L.; Hauck, K.; | The association between sedentary behavior and Exposure
McKenzie, K.; cognitive ability in older adults

Copeland, J. L.; Kan, L.

P.; Gibb, R. L.;

Gonzalez, C. L. R.

(2020)

Edwards, M. K.; The Association Between Sedentary Behavior and Exposure
Loprinzi, P. D. Cognitive Function Among Older Adults May Be

(2017) Attenuated With Adequate Physical Activity

Edwards, M. K.; Effects of a Sedentary Intervention on Cognitive Population
Loprinzi, P. D. Function

(2018)

Edwards, M. K.; Combined associations of sedentary behavior and Exposure
Loprinzi, P. D. cardiorespiratory fitness on cognitive function among

(2017) older adults

Ehlers, D.K.; Fanning, | Influence of sitting behaviors on sleep disturbance and Exposure
J.; Sunderlage, A.; memory impairment in breast cancer survivors

Severson, J.; Kramer,

A.F.; McAuley, E.

(2020)

Ehmann, P. J.; Brush, Active Workstations Do Not Impair Executive Function Exposure
C.J.; Olson,R. L,; in Young and Middle-Age Adults

Bhatt, S. N.; Banu, A.

H.; Alderman, B. L.

(2017)

Ellingson, L. D.; Sedentary Behavior and Quality of Life in Individuals Outcome

Zaman, A.;
Stegemoller, E. L.
(2019)

With Parkinson's Disease

English, C.; Healy, G.
N.; Olds, T.; Parfitt, G.;
Borkoles, E.; Coates,

Reducing Sitting Time After Stroke: A Phase Il Safety and
Feasibility Randomized Controlled Trial

Other- doesn’t report
association data




A.; Kramer, S.;
Bernhardt, J.
(2016)

Falck, R. S.; Landry, G.
J.; Liu-Ambrose, T.

Physical Activity and Sedentary Behaviour are
Associated with Cognitive Function in Healthy Older
Adults But Not Older Adults with Mild Cognitive

Other- full text not
found

(2016) Impairment: A Cross-Sectional Study

Fitzsimmons, P. T.; A daily process analysis of physical activity, sedentary Population
Maher, J. P.; Doerksen, | behavior, and perceived cognitive abilities

S. E.; Elavsky, S.;

Rebar, A. L.; Conroy,

D. E.

(2014)

Hamer, M., & Prospective Study of Sedentary Behavior, Risk of Exposure
Stamatakis, E. (2014) Depression, and Cognitive Impairment.

Hartman, S.J.; Nelson, Randomized controlled trial of increasing physical Exposure
S.H.; MYCTS, E; activity on objectively measured and self-reported

Natarajan, L.; Sears, cognitive functioning among breast cancer survivors:

D.D.; Palmer, B.W.; The memory & motion study

Weiner, L.S.; Parker,

B.A.; Patterson, R.E.

(2018)

Huang, Z.; Guo, Y .; Associations of Lifestyle Factors With Cognition in Population
Ruan, Y.; Sun, 8.; Lin, | Community-Dwelling Adults Aged 50 and Older: A

T Ye, J;Li, I He, L | gngitudinal Cohort Study

Wang, S.; Shi, Y.; Wu,

F.

(2020)

Kesse-Guyot, E.; Clustering of Midlife Lifestyle Behaviors and Subsequent | Exposure
Andreeva, V. A.; Cognitive Function: A Longitudinal Study

Lassale, C.; Hercberg,

S.; Galan, P.

(2014)

Kesse-Guyot, E.; Cross-Sectional and Longitudinal Associations of Exposure

Charreire, H.;
Andreeva, V. A.;
Touvier, M.; Hercberg,
S.; Galan, P.; Oppert, J.
M.

Different Sedentary Behaviors with Cognitive
Performance in Older Adults




(2012)

Kimura, N.; Aso, Y.;
Yabuuchi, K.;
Ishibashi, M.; Hori, D.;
Sasaki, Y.; Nakamichi,
A.; Uesugi, S.;
Jikumaru, M.; Sumi,
K.; Eguchi, A.; Obara,
H.; Kakuma, T.;
Matsubara, E.

(2020)

Association of Modifiable Lifestyle Factors With Cortical
Amyloid Burden and Cerebral Glucose Metabolism in
Older Adults With Mild Cognitive Impairment

Exposure

Koyanagi, A.; Stubbs,
B.; Vancampfort, D.
(2018)

Correlates of sedentary behavior in the general
population: A cross-sectional study using nationally
representative data from six low- and middle-income
countries

Other- same data as
an included study

Kriegeskorte, V.
(2014)

Sedentary Lifestyle in old Age Risk of Depression and
cognitive Impairment

Other- full text not
found

Kurita, S.; Doi, T.; Cognitive activity in a sitting position is protectively Exposure
Tsutsumimoto, K.; associated with cognitive impairment among older

Hotta, R.; Nakakubo, adults

S.; Kim, M.; Shimada,

H.

(2019)

Labonte-LeMoyne, E.; | Does Reducing Sedentarity With Standing Desks Hinder | Population
Jutras, M. A.; Leger, P. | Cognitive Performance?

M.; Senecal, S.;

Fredette, M.; Begon,

M.; Mathieu, M. E.

(2020)

Loprinzi, P. D.; Kane, Exercise and Cognitive Function: A Randomized Population
C.J. Controlled Trial Examining Acute Exercise and Free-

(2015) Living Physical Activity and Sedentary Effects

Loprinzi, P. D.; Nooe, Executive function influences sedentary behavior: A Population

A.
(2016)

longitudinal study




Mabher, J. P. (2019)

Within-day time-varying associations between
behavioral cognitions and sedentary behavior in older
adults

Other- full text not
found

Martinez-Sanguinetti,
M. A.; Leiva, A. M,;
Petermann-Rocha, F.;
Troncoso-Pantoja, C.;
Villagran, M.; Lanuza-
Rilling, F.; Nazar, G.;
Poblete-Valderrama, F.;
Diaz-Martinez, X.;
Celis-Morales, C.
(2019)

Factors associated with cognitive impairment in older
adults in Chile

Other- not in English

Martinho, K. O.;
Dantas, E. H. M;
Longo, G. Z.; Ribeiro,
A. Q.; Pereira, E. T.;
Franco, F. S.;
Goncalves, M. R.; de
Morais, K. B. D.;
Martins, M. V;
Danesio, J.; Tinoco, A.
L. A.

(2013)

Comparison of functional autonomy with associated
sociodemographic factors, lifestyle, chronic diseases
(CD) and neuropsychiatric factors in elderly patients
with or without the metabolic syndrome (MS)

Exposure

Matson, T. E.;
Anderson, M. L.; Renz,
A. D.; Greenwood-
Hickman, M. A.;
McClure, J. B.;
Rosenberg, D. E.
(2019)

Changes in Self-Reported Health and Psychosocial
Outcomes in Older Adults Enrolled in Sedentary
Behavior Intervention Study

Exposure

McAurdle, R.; Del Din,
S.; Donaghy, P.; Galna,
B.; Thomas, A.;
Rochester, L.

(2020)

Factors That Influence Habitual Activity in Mild
Cognitive Impairment and Dementia

Exposure

Moritani, T.; Akamatsu,
Y.

(2015)

Effect of Exericse and Nutrition upon Lifestyle-Related
Disease and Cognitive Function

Exposure




Moyle, W.; Jones, C;
Murfield, J.; Draper, B.;
Beattie, E.; Shum, D;
Thalib, L.; O'Dwyer, S.;

Levels of physical activity and sleep patterns among
older people with dementia living in long-term care
facilities: A 24-h snapshot

Other- no association
data reported

Mervin, C. M.

(2017)

Nemoto, Y.; Sato, S.; The association of single and combined factors of Exposure
Takahashi, M.; Takeda, | sedentary behavior and physical activity with subjective

N.; Matsushita, M.; cognitive complaints among community-dwelling older

Kitabatake, Y.; Maruo, adults: Cross-sectional study

K.; Arao, T.

(2018)

Nicola, J. A.; Bettina, B. | Patterns of cross-sectional and predictive physical Outcome

l.; Emmanuel, S.;
Seraina, C.; Medea, |.;

activity in Swiss adults aged 52+: results from the
SAPALDIA cohort

Nicole, P. H.

(2020)

Peltzer, K.; Phaswana- | Sitting time and associated factors in older adults in Other- same data set
Mafuya, N. South Africa. as an included study
(2015)

Pindus, D. M.; Opposing associations between sedentary time and Population

Zwilling, C. E.; Jarrett,
J. S.; Talukdar, T.;
Schwarb, H.; Anderson,
E.; Cohen, N. J.;
Barbey, A. K.; Kramer,
A. F.; Hillman, C. H.
(2020)

decision-making competence in young adults revealed
by functional connectivity in the dorsal attention
network

Poblete-Valderrama, F.;
Rivera, C. F.;
Petermann-Rocha, F.;
Leiva, A. M.; Martinez-
Sanguinetti, M. A.;
Troncoso, C.;
Mardones, L.;
Villagran, M.; Nazar,
G.; Ulloa, N.;
Martorell, M.; Diaz-

Physical activity and sedentary behaviours are
associated with cognitive impairment in Chilean older
adults

Other — not in English




Martinez, X.; Lanuza,
F.; Garrido-Mendez,
A.; Celis-Morales, C.;
Representacion Grp
Invest, Elhoc

(2019)

Roman, C.; Arnett, P.
(2020)

The Brain-Body Connection in Aging Neurological
Populations: Examining the Impact of Exercise and
Sedentary Behavior on Brain Structure and Cognitive
Functioning in Older Adults with Multiple Sclerosis

Other- full text not
found

Rosenberg, D.; Walker,
R.; Greenwood-
Hickman, M. A,;
Bellettiere, J.; Xiang, Y.
H.; Richmire, K.;
Higgins, M.; Wing, D.;
Larson, E. B.; Crane, P.
K.; LaCroix, A. Z. (2020)

Device-assessed physical activity and sedentary
behavior in a community-based cohort of older adults

Outcome

Rostami, M.; Razeghi,
M.; Daneshmandi, H.;
Hassanzadeh, J.;
Choobineh, A.

(2020)

Cognitive and skill performance of individuals at sitting
versus standing workstations: a quasi-experimental
study

Population

Schwartz, B.;
Kapellusch, J.M.;
Schrempf, A.; Probst,

K.; Haller, M.; Baca, A.

(2018)

Effect of alternating postures on cognitive performance
for healthy people performing sedentary work

Population

Sebastiao, E.

Activity behavior and cognitive performance in older

Other- doesn’t report

(2020) adults living in a senior housing facility: the impact of association data
frailty status
Simpson, D. B.; Sedentary time and activity behaviors after stroke Other- full text not

Breslin, M.; Cumming,
T.; de Zoete, S. A.;
Gall, S. L.; Schmidt,
M.; English, C.;
Callisaya, M. L.
(2021)

rehabilitation: Changes in the first 3 months home

available




Solis-Urra, P.; Plaza- The Mediation Effect of Self-Report Physical Activity Outcome
Diaz, J.; Alvarez- Patterns in the Relationship between Educational Level

Mercado, A. 1.; - and Cognitive Impairment in Elderly: A Cross-Sectional
??(g;g;izl\'ii%;%?gz’, Analysis of Chilean Health National Survey 2016-2017
Zavala-Crichton, J. P.;

Olivares-Arancibia, J.;

Sanchez-Martinez, J.;

Abadia-Molina, F.

(2020)

Sperlich, B.; De Clerck, | Prolonged Sitting Interrupted by 6-Min of High-Intensity | Population
L; Zinner, C; Exercise: Circulatory, Metabolic, Hormonal, Thermal,

Holmberg, H. C.; Cognitive, and Perceptual Responses

Wallmann-Sperlich, B.

(2018)

Stubbs, B.; Relationship between sedentary behavior and Exposure

Vancampfort, D.; Firth,
J.; Schuch, F. B.;
Hallgren, M.; Smith, L.;
Gardner, B.; Kahl, K.
G.; Veronese, N.;
Solmi, M.; Carvalho, A.
F.; Koyanagi, A.

(2018)

depression: A mediation analysis of influential factors
across the lifespan among 42,469 people in low-and
middle-income countries

Sulzer, P.; Graber, S.;
Schaeffer, E.; van
Lummel, R.; Berg, D.;
Maetzler, W.; Liepelt-
Scarfone, I.

(2021)

Cognitive impairment and sedentary behavior predict
health-related attrition in a prospective longitudinal
Parkinson's disease study

Other- no association
data

Swank, C. (2011)

Effect of aerobic exercise on cognition and sedentary
behavior in persons with Parkinson's disease.

Other- dissertation

Vancampfort, D.;
Probst, M.; Knapen, J.;
Carraro, A.; De Hert,
M.

(2012)

Associations between sedentary behaviour and
metabolic parameters in patients with schizophrenia

Outcome




Vancampfort, D.;
Stubbs, B.; Koyanagi,
A.

(2017)

Physical chronic conditions, multimorbidity and
sedentary behavior amongst middle-aged and older
adults in six low- and middle-income countries

Other —same
population as an
included study

Vancampfort, D.;
Stubbs, B.; Lara, E.;
Vandenbulcke, M.;
Swinnen, N.; Koyanagi,
A.

(2019)

Correlates of sedentary behavior in middle-aged and old
age people with mild cognitive impairment: a
multinational study

Other —same
population as an
included study

Vancampfort, D.;
Stubbs, B.; Mugisha, J.;
Firth, J.; Schuch, F. B.;
Koyanagi, A.

(2018)

Correlates of sedentary behavior in 2,375 people with
depression from 6 low- and middle-income countries

Outcome

Vance, D. E.; Wadley,
V.G.; Ball, K. K ;
Roenker, D. L.; Rizzo,
M.

(2005)

The effects of physical activity and sedentary behavior
on cognitive health in older adults

Exposure

Vincent, G.E.; Jay,
S.M.; Sargent, C.;
Kovac, K.;
Vandelanotte, C.;
Ridgers, N.D.;
Ferguson, S.A.
(2018)

The impact of breaking up prolonged sitting on glucose
metabolism and cognitive function when sleep is
restricted

Population

Vivas, A.; Freire, P. C.;
Sousa, J. L.; Silva, M. C.;
Bortolotti, H.; Costa, E.
C.; Elsangedy, H. M.;
Fontes, E. B.

(2019)

Relationship Between Fitness and Active-Sedentary
Behavior with Cognitive and Emotional Recognition in
Elderly: Core Study

Other — conference
abstract

Wallmann-Sperlich, B.;
Bucksch, J.; Schneider,
S.; Froboese, 1.

(2014)

Socio-demographic, behavioural and cognitive
correlates of work-related sitting time in German men
and women

Exposure




Watts, A.; Walters, R.
W.; Hoffman, L.;
Templin, J.

(2016)

Intra-Individual Variability of Physical Activity in Older
Adults With and Without Mild Alzheimer's Disease

Outcome

Waugh, M. D.; Dhanda,
R.; Calmbach, W.;
Hazuda, H.; Mouton, C.
P

Cognitive impairment and leisure time physical activity:
Is dementia associated with sedentary behavior in older
adults?

Other- full text not
found

(2002)

Wei, J. K.; Xie, L. Y.; Isotemporal substitution modeling on sedentary Outcome
Song, S. H.; Wang, T. | behaviors and physical activity with depressive

S.; Li, C. W. symptoms among older adults in the US: The national

(2019) health and nutrition examination survey, 2007-2016

Wennberg, P.; Acute effects of breaking up prolonged sitting on fatigue | Outcome

Boraxbekk, C. J.;
Wheeler, M.; Howard,
B.; Dempsey, P. C.;
Lambert, G.; Eikelis,
N.; Larsen, R.; Sethi,
P.; Occleston, J.;
Hernestal-Boman, J.;
Ellis, K. A.; Owen, N.;
Dunstan, D. W.

(2016)

and cognition: a pilot study

Zhu, W., Wadley, V. G,,
Howard, V. J., Hutto, B,,
Blair, S. N., & Hooker, S.
P. (2017)

Objectively Measured Physical Activity and Cognitive
Function in Older Adults.

Other- doesn’t report
association data

Zlatar, Z. Z.; Wierenga,
C. E.; Bangen, K. J.;
Liu, T. T.; Jak, A. J.
(2014)

Increased Hippocampal Blood Flow in Sedentary Older
Adults at Genetic Risk for Alzheimer's Disease

Outcome







	Total Sedentary Time and Cognitive Function in Middle-Aged and Older Adults: A Systematic Review and Meta-analysis
	Abstract 
	Background: 
	Objective: 
	Methods: 
	Results: 
	Conclusions: 

	Key Points
	Introduction
	Methods
	Search Strategy
	Selection Criteria
	Types of Participants
	Types of InterventionsExposure
	Types of Comparison
	Types of Outcome Measures
	Types of Studies
	Selection of Studies

	Data Extraction
	Quality Assessment
	Data Synthesis and Analysis
	Systematic Review
	Meta-analysis


	Results
	Search ResultsStudy Characteristics
	Population
	Exposure (Sedentary Time)
	Outcome (Cognitive Function)

	Association of Total Sedentary Time with Cognitive Function
	Association of Total Sedentary Time with Cognitive Function Based on Measurement Type
	Association of Total Sedentary Time with Cognitive Function Based on Cognitive Domain
	High Versus Low Sedentary Time
	Associations Based on Pattern of Accumulation
	Prevalence (Cognitively Impaired vs. Healthy)
	Experimental Studies

	Meta-analysis Results
	Total Sedentary Time and Cognitive Function
	Meta-regression
	Subgroup Analyses of Device-Based Studies
	Subgroup Analyses of Cognitive Domains from Device-Based Studies
	Subgroup Analyses of Self-Report-Based Studies
	Subgroup Analyses of Cognitive Domains from Self-Report Studies
	Prevalence of Sedentary Behaviour and Cognitive Function


	Discussion
	Conclusion
	Acknowledgements
	References

	Dillon et al 2022 Sp Med Open - MA SB & CF suppl.pdf
	Article title: Sedentary time and cognitive function in middle-aged and older adults: a systematic review and meta-analysis
	Supplementary File 1
	Example search strategy
	Article title: Sedentary time and cognitive function in middle-aged and older adults: a systematic review and meta-analysis
	Supplementary File 3


