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ABSTRACT

Aim The increasing rate of all-cause dementia
worldwide and the lack of effective pharmaceutical
treatments emphasise the value of lifestyle approaches
as prevention strategies. Emerging evidence suggests
sedentary behaviour is associated with impaired
cognitive function. A better understanding of this
association would significantly add to our knowledge of
how to best promote healthy cognitive ageing. Thus, we
conducted a systematic review ascertaining the
contribution of sedentary behaviour towards associated
changes in cognitive function over the adult lifespan.
Study design Systematic review of peer-reviewed
literature examining the association of sedentary
behaviour with cognition.

Data sources We searched PubMed, PsycINFO, EBSCO
and Web of Science, and reference lists of relevant
reviews on sedentary behaviour. Two independent
reviewers extracted (1) study characteristics and (2)
information regarding measurement of sedentary
behaviour and cognitive function. We also assessed
study quality using the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)
checklist.

Eligibility criteria We limited search results to adults
>40 years, observational studies published in English
since 1990 and studies investigating associations
between sedentary behaviour and cognitive function.
Results 8 studies examined the association of
sedentary behaviour with cognitive function. 6 studies
reported significant negative associations between
sedentary behaviour and cognitive function. 8 different
measures of sedentary behaviour and 13 different
measures of cognitive function were used across all eight
studies.

Summary Sedentary behaviour is associated with lower
cognitive performance, although the attributable risk of
sedentary time to all-cause dementia incidence is
unclear. Our systematic review provides evidence that
limiting sedentary time and concomitantly engaging in
regular moderate-to-vigorous physical activity may best
promote healthy cognitive ageing.

INTRODUCTION

Currently, one new case of all-cause dementia is
detected every 4 seconds around the world.'
All-cause dementia prevalence is also expected to
rise since the number one risk factor is age” and
the number of older adults worldwide is increas-
ing.®> Thus, the current lack of effective pharma-
ceutical treatments for all-cause dementia is
creating an urgency to develop non-

pharmacological strategies to prevent, or at least
delay, the onset and progression of the disease.* As
a result, lifestyle approaches have become an
important line of scientific inquiry and public
interest.

Increasing physical activity is one promising strat-
egy to promote or maintain cognitive health in
later life.> Strong and accumulating empirical evi-
dence suggests regular physical activity of an inten-
sity >3.0 metabolic equivalents (METs) reduces the
risk of all-cause dementia by 28%.° Thus, meeting
current physical activity guidelines for older adults
of 150 min/week of moderate-to-vigorous physical
activity (ie, activity of >3.0 METs) may help reduce
all-cause dementia risk, prevent other comorbidities
including type 2 diabetes and cardiovascular
disease, and reduce all-cause mortality.”™ Since
most older adults are physically inactive (ie, do not
engage in >150 min/week of moderate-to-vigorous
physical activity) and fall short of these recommen-
dations,'® increasing moderate-to-vigorous physical
activity among older adults has become a public
health priority. As such, it is estimated 17.7% of
Alzheimer’s disease cases could be prevented by
recommended amounts of moderate-to-vigorous
physical activity."!

Accumulating evidence also suggests high
amounts of sedentary behaviour can increase mor-
bidity and mortality risk.!? Sedentary behaviour is
defined as any behaviour that incurs <1.5 METs
and includes behaviours such as sitting, television
watching and lying down."® Sedentary behaviour is
associated with numerous health risks including
type 2 diabetes,'* cardiovascular disease!® and all-
cause mortality.’® Given the risks of sedentary
behaviour to health, recommendations for seden-
tary time suggest limiting discretionary sedentary
time to <2 h/day and accumulating >2 h/day of
light-intensity activity (ie, standing and light
walking).'” '® Emerging evidence also suggests sed-
entary behaviour is associated with cognitive func-
tion; however, sedentary behaviour is a distinct
behaviour from physical activity and thus a system-
atic review of the current epidemiological evidence
is needed.'® 2°

While preliminary evidence suggests sedentary
behaviour is associated with cognitive function, it is
still unclear what the magnitude of this association
is. For example, it is unclear if reducing sedentary
behaviour is more important for long-term cogni-
tive health than increasing physical activity. Such
empirical evidence is crucial to increasing our
understanding of how we can best promote healthy
cognitive ageing through lifestyle approaches and
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determining whether public health should focus on reducing
sedentary behaviour, increasing moderate-to-vigorous physical
activity or both to reduce all-cause dementia prevalence. Thus,
our objective was to systematically review the epidemiological
evidence regarding how sedentary behaviour is associated with
cognitive function throughout the adult lifespan.

METHODS

Summary of search strategy

We conducted a systematic review regarding the association
between sedentary behaviour and cognitive function. In accord-
ance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement,”’ we searched
PubMed, PsycINFO, EBSCO and Web of Science between 1
January 1990 and 6 February 2016. Included in our search
terms were the following keywords: sedentary behaviour terms
(sedentary behaviour, physical inactivity, television time, TV
time, screen time); cognition terms (cognition, cognitive func-
tion, brain function, executive function, memory, dementia,
Alzheimer’s disease) and age terms (older adults, elders, elderly,
ageing, aged, 40+ years). This process was repeated until all
search term combinations were performed. A sample of the
search strategy used for studies investigating the association
between sedentary behaviour and cognitive function is provided
in figure 1A.

Study selection

We selected peer-reviewed, published and observational studies
that included adults aged 40 years and older that measured sed-
entary behaviour as an exposure and cognitive function as an
outcome. Articles mentioning sedentary behaviour and cogni-
tion in either the title or abstract were initially included for full-
text review.

Inclusion and exclusion criteria

We included studies if they were (1) observational studies (ie,
cohort, case-control or cross-sectional); (2) peer reviewed and (3)
published in the English language between 1 January 1990 and 6
February 2016. All studies included clearly described participants
as adults aged 40 years and older at baseline assessment and mea-
sured sedentary behaviour at baseline assessment or over time with
the purpose of assessing risk (ie, exposure). Additionally, the
studies included measured cognitive function at baseline assess-
ment or over time with the purpose of determining change asso-
ciated with increased sedentary behaviour (ie, outcome).

We excluded articles if they were (1) not peer reviewed and
(2) not published in the English language. Since we were only
interested in observational studies, interventions designed to
reduce sedentary behaviour were not included.

Data extraction

Two authors (RSF and JCD) initially screened and identified
studies based on the study title and abstract. Duplicates and arti-
cles failing to meet inclusion criteria were removed. The remain-
ing full-text articles were reviewed by RSF and JCD to
determine eligibility. Any disagreements were resolved by a third
reviewer (TL-A).

Two raters (RSF and JCD) independently extracted data from
all articles included; discrepancies were discussed and reviewed
by a third party (TL-A). Data were extracted from the included
articles using a custom data extraction form developed by RSF
and JCD. We extracted the following categories: (1) study
design; (2) participant characteristics, setting and length of
follow-up; (3) measure of exposure (ie, sedentary behaviour);
(4) measure of outcome (ie, cognitive function) and (5) main
findings.

For exposure measures (ie, sedentary behaviour), we extracted
the (1) instrument name; (2) exposure definition (eg, sedentary

A Term 1: Sedentary Behavior, Television Time, TV B /\

Time, Screen Time / |nma| HltS \

Term 2: Cognition, Cognitive Function, Brain N=180 | D | R d
Function, Executive Function, Memory, Up icates Removey
Dementia, Alzheimer’s disease N=97

Term 3: Older Adults, Elderly, Elders, Aged, Aging,
iheests Articles selected for ‘

‘/ : \\ Articles Excluded

Limited to: 1990-Current \ Abstract Review / N=T1

Sample Strategy: N=83 1. Notrelevant = 42

2. Literature review = 12

1. Sedentary behavior and Cognition and Older 3. Wrongage=12

Adults 4. Not peer reviewed =3

2. Sedentary behavior and Cognition and Elders 5. Noexposure (ie., sedentary behaviour)

3. Sedentary behavior and Cognition and Elderly / 33"‘5“’9"‘:_1 N !

4. Sedentary behav::or and Cogm:t::on and Aging 7 Full Text Review ‘ 7. Mo m“’em:_('-le» cognitive function)

5. Sedentary behavior and Cognition and Aged ( ) SEMEN=

6. Sedentary behavior and Cognition and 40+ A N=12 i

years \\
7. Sedentary behavior and Cognitive Function .

and Older Adults - Articles Excluded
8. Sedentary behavior and Cognitive Function Articles Extracted N=6

and Elders 1. Did not measure cognitive function as
9. Sedentary behavior and Cognitive Function from R?]evant outcome =2

and Elderly Reviews 2. Did not measure sedentary behaviour as
10. Sedentary behavior and Cognitive Function N=1 exposure =2

and Aging 3. Not relevant =1
11. Sedentary behavior and Cognitive Function di l‘m 4, Literature review = 1

and Aged /" Studies Include ‘
12. Sedentary behavior and Cognitive Function \\ N=7 /

and 40+ years ¥/

Figure 1

(A) Simplified search strategy. (B) Flow chart of study selection.
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Table 1

Study characteristics

Publication and

Participants, country, setting

Sedentary behaviour (exposure

Cognitive function (outcome

study design and length of follow-up assessment) assessment) Results

Cohort designs

Hamer and 6359 men and women from the  Self-reported TV viewing considered Immediate word recall, delayed Linear inverse relationship between
Stamatakis”® English Longitudinal Study of sedentary behaviour (SB) word recall and verbal fluency.?' TV time and cognitive function.

Cohort design

Kesse-Guyot
et af**
Cohort design

Kesse-Guyot
et al”®
Cohort design

Case-control designs

Kivipelto et af*®

Nested
case-control
design

Lindstrom et a/*’

Case-control
design

Ageing
England
2-year follow-up

2430 participants from the
Supplémentation en Vitamines et
Minéraux Antioxydants Study
France

13-year follow-up

2579 participants who agreed to
participate in the follow-up
period of the Supplémentation
en Vitamines et Minéraux
Antioxydants Study

France

8-year follow-up

1449 participants from the
Cardiovascular Risk Factors,
Aging and Dementia Study
(6579 years)

Finland

Mean follow-up time of 21 years

Participants born between 1915
and 1944. 135 cases of
Alzheimer's disease

331 controls recruited from
clinical settings and from the
community.

USA

Cross-sectional designs

Rosenberg et a/?®

Cross-sectional
design

Steinberg et al*®
Cross-sectional
design

Vance et a’*°

Cross-sectional
design

307 older adults (67-100 years)
from 11 retirement communities
USA

125 healthy adults 65 or older
with no clinical evidence of
cognitive impairment

USA

158 participants with a mean
age of 75.05 years were
recruited from the Accelerate
study

USA

Self-administered French version of

the Modifiable Activity Questionnaire

(MAQ).>? Participants reported

average time spent at home watching

TV (min/day)

Self-administered French Modifiable

Activity Questionnaire (MAQ).??
Participants asked about average
daily time spent with SB (min/day)

Self-reported leisure-time physical
activity (PA) dichotomised into
categories: active and sedentary
(persons who participated in
leisure-time PA less than two times
per week)

Participants self-reported daily hours

of television viewing

Self-reported SB assessed using a
modified version of the Sedentary

Behaviour Questionnaire.3° Objective

sedentary time measured using
ActiGraph GT3X+ accelerometer’

Hours spent in SB according to the
Community Health Activities Model
Program for Seniors (CHAMPS)
questionnaire®

The total amount of time spent
sitting, sleeping or lying down was
used as an indicator of SB**

All three used to create a global
cognitive function score (primary
outcome)

Digit span forward and backward
(primary outcome),* Delis-Kaplan
Trail Making Test,>* RI-48 cued
recall test,>> semantic fluency and
phonemic fluency®

Phonemic and semantic fluency
(primary outcome),*® RI-48 test,>”
digit span forward and
backward,*® Delis-Kaplan Trail
Making Test**

Cognitive status determined via
scores on the Mini-Mental State
Examination (MMSE),?” and
all-cause dementia diagnosis
(primary outcome) confirmed
according to the Diagnostic and
Statistical Manual of Mental
Disorders®

Diagnosed case of Alzheimer's
disease (primary outcome)

Trail Making Test*!

CogState computerised battery
measured multiple domains of
cognition including: psychomotor
speed, visual attention, visual
recognition and memory (primary
outcome)*

Benton Visual Retention Test,
Trail Making Test*! and the
Rey-Osterrieth Complex
Figure Copy and Recall Tests.*

A composite score for cognitive
function was then created (primary
outcome)

45
1

Decreased cognition from baseline
(EMM=0.39, 95% Cl [0.33 to 0.45))
to follow-up (EMM=0.25, 95% Cl
(0.19 to 0.31)), but no association
between baseline SB and changes in
cognitive function

SB associated with decreased global
cognitive function (B= —1.28; 95%
Cl (—2.46 to —0.11)) and decreased
verbal memory (3= —1.38; 95% Cl
(—2.58 to —0.18)) over time

Negative association observed
between TV viewing and executive
function cross-sectionally (3=—0.98;
95% Cl (—=1.93 to —0.04)), no
association between executive
function and SB over time

The odds of developing all-cause
dementia were 2.07 times greater for
participants who were sedentary
(95% Cl 1.12 to 3.86) as compared
to physically active when controlling
for age, sex, follow-up time,
education, body mass index (BMI),
cholesterol, blood pressure, heart
attack, stroke and diabetes

Cases watched significantly more
television than controls (F (1, 464)
=35.37). The odds of developing
Alzheimer's disease increased 1.32
times for every hour of daily
television viewing (95% CI 1.08 to
1.62)

Self-reported sedentary time was
associated with improved
performance on Trails A (8= —0.01
+0.01) but was not associated with
improved executive performance.
Objectively measured sedentary time
was not associated with Trail Making
Test performance

Lower scores on executive function
measures associated with increased SB
(B=0.0060.003; R?=0.2323).
Memory scores and processing speed
were not associated with increased SB.

Structural equation modelling
predicted SB was associated with
increased cognitive function (3=0.34)

behaviour or television time); (3) method of exposure assess-
ment (eg, self-report questionnaire, accelerometry, etc); (4) data
collection procedure; (5) statistical methodology and (6) previ-
ously established validity and reliability of the instrument. For
exposure definitions, sedentary behaviour included time spent

engaging in activities with an energy cost of <1.5 METs and
television time referred to sedentary time spent watching
television.

For methods of assessment of cognitive function, we extracted
the (1) instrument name; (2) domain of cognitive function
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Table 2 Measures and methods to classify sedentary behaviour

Name of Definition of Type of exposure Data collection Statistical methods and Validity and
Publication measure(s) exposure assessment procedure confounder adjustment reliability
Cohort studies
Hamer and Unknown TV time Subjective measure Participants self-reported Type of regression: linear Unknown
Stamatakis®3 Questionnaire daily television time and mixed models with random
developed for engagement in vigorous, effect intercept;
measuring physical moderate and low-intensity ~ Covariates and confounders:
activity (PA) and PA age, sex, smoking, alcohol,
television time PA, social status, disability,
chronic illness and body
mass index (BMI)
Kesse-Guyot ~ Modifiable Activity TV time Subjective measure Participants self-reported Type of regression: structural ~ Validity: r=0.65.*’
et af** Questionnaire Questionnaire average daily time spent equation modelling; Reliability: 1CC=0.77%
(MAQ)*? designed to assess watching TV and Covariates and confounders:
SB and PA during leisure-time PA performed at  age, gender, education, time
past 12 months least 10 times for at least lag between baseline and
10 min per session over the  cognitive evaluation,
past year including the occupation, energy intake,
frequency and duration. number of 24-hour records,
After multiplying the BMI, depressive symptoms,
number of h/week of each memory issues, diabetes,
activity by the estimated hypertension and
metabolic equivalent (MET),  cardiovascular disease
a summary score was
obtained
Kesse-Guyot ~ Modifiable Activity Sedentary Subjective measure Participants self-reported Type of regression: principal  Validity: r=0.65.*
et al®® Questionnaire behaviour (SB; TV Questionnaire average daily time spent component analysis; Reliability: 1CC=0.77%
(MAQ)*? time, computer designed to assess watching TV, using a Covariates and confounders:

Case-control studlies

Kivipelto
et al*®

Lindstrom
etal”’

Unknown

Unknown

Cross-sectional designs

Rosenberg
et al*®

Self-report measure:
Sedentary Behaviour
Questionnaire
(sBQ)*

Objective measure:
ActiGraph GT3X+
accelerometer®

use, reading)

SB (leisure-time PA
<2 x/week)

Daily hours of
television viewing

SBQ: hours spent
in SB

ActiGraph GT3X+:
hours spent in SB

SB and PA during
past 12 months

Subjective measure
Questionnaire
developed by
authors

Subjective Measure
Questionnaire
developed by
authors

SBQ: subjective
measure

Assessed time spent
during typical day SB

ActiGraph GT3X+:
objective measure
Sedentary assessed
using standard
cut-point of <100
counts per minute

computer or reading (min/
day)

Participants self-reported
leisure-time PA lasting
>30 min and caused
breathlessness and
sweating. Participants
dichotomised into active
(>2x/week) and sedentary
(<2x/week)

Participants self-reported
hours/month devoted to TV
viewing at age 20-39 and
at ages of 40-59. Daily TV
viewing hours calculated
from total hours/day spent
watching TV

SBQ: participants reported
time/day spent in SB
including sitting, watching
TV, computer use, reading,
commuting, napping and
other activities.

ActiGraph GT3X+:
participants were included
with at least 1 valid day of
wear time and 600 min of
accelerometer data.
Sedentary time was
assessed using the standard
cut-point of <100 counts
per minute

interval between SB
assessment and cognitive
evaluation, age, gender,
education, occupation,
retirement status, tobacco
use, BMI, depressive
symptoms, health status,
heart disease, diabetes,
hypertension and PA

Type of regression: Multiple
logistic regressions;
Covariates and confounders:
age, sex, follow-up time,
education, BMI, cholesterol,
blood pressure, heart attack,
stroke and diabetes mellitus

Type of regression:
unconditional logistic
regression model

Covariates and confounders:
age, gender, income and
education

Type of regression: linear
mixed-effects models
Covariates and confounders:
age, gender, marital and
educational status

Unknown

Unknown

SBQ:

Validity: no significant
relationship between
accelerometer counts
and SBQ scores;
Reliability:
1CC=0.85.%°
ActiGraph GT3X+:
Validity: r=0.59.%% 4°
Reliability: unknown

Continued

Falck RS, et al. Br J Sports Med 2017;51:800-811. doi:10.1136/bjsports-2015-095551

803

"1ybuAdoo Aq paroalold 1senb Aq 720z ‘9T |dy uo Jwoofwqg wslg//:dny wouy papeojumod "9T0Z ABIN 9 U0 TGSG60-GT0Z-SModslg/9eTT 0T Se paysiignd 1sii) :pajA suods r 19


arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

arvinth
Sticky Note
None set by arvinth

arvinth
Sticky Note
MigrationNone set by arvinth

arvinth
Sticky Note
Unmarked set by arvinth

http://bjsm.bmj.com/

Table 2 Continued

Name of Definition of Type of exposure Data collection Statistical methods and Validity and
Publication measure(s) exposure assessment procedure confounder adjustment reliability
Steinberg Community Health Hours spent in SB Subjective measure Participants self-reported Type of regression: linear Validity: r=0.29
et al Activities Model Assessed frequency ~ weekly frequency and regression analyses Test—retest reliability:
Program for Seniors and duration of 40 duration of 40 different Covariates and confounders:  1CC=0.76>°
(CHAMPS) different activities activities using the CHAMPS  age, sex, race, and
questionnaire® undertaken by older  questionnaire education
adults
Vance et al®  Unknown Total amount of Subjective measure Participants self-reported Types of regression: latent Unknown

Questionnaire
adapted from
Paffenbarger
questionnaire*

time spent sitting,
sleeping or lying
down used as an
indicator of SB

how many hours per day
spent seated, lying down
and sleeping

growth model;
Covariates and confounders:
age, depression and PA

assessed; (3) method for assessing cognitive function; (4) statis-
tical methodology and (5) previously established validity and
reliability of the instrument. Given the limited number of
studies available and the heterogeneity of samples used in these
studies, we did not perform a meta-analysis.

Assessment of study quality

Two authors (RSF and JCD) assessed the quality of the articles
via the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines.””> The STROBE checklist
contains 22 separate items to identify the quality of reporting
for observational studies. In summary, we assessed study quality
based on the following components: (1) an informative and
balanced abstract; (2) clear scientific background, rationale,
objectives and hypothesis; (3) clear description of study design,
methodology, outcomes and exposures, and statistical analyses;
(4) clear description of potential biases and how these were
limited; (5) clear description of study participants, incidence of
loss to follow-up and reporting of outcomes and exposures; (6)
clear reporting of all results and analyses; (7) clear summarisa-
tion of study findings with reference to study objectives; (8)
clear description of the limitations of the study and (9) a cau-
tious overall interpretation of the findings with reference to the
generalisability of the findings.

Two raters (RSF and JCD) independently rated the quality of
the studies and achieved consensus through discussion
(K=0.90). Discrepancies were settled by a third author (TL-A).
We used a binary system (+=Yes, —=No) for each item of inter-
est on the STROBE checklist. High-quality studies were defined
as studies missing fewer than three criteria of the STROBE
checklist, while low-quality studies were defined as studies
missing three or more criteria.

RESULTS
Search results and study characteristics
Figure 1A, B describes the results of the search strategy for arti-
cles examining the association of sedentary behaviour with cog-
nitive function. Of the 485 articles initially identified by title
and abstract screening, our final systematic review included 8
articles. >0

Study characteristics are described in table 1. Three studies
used a cohort design,”>*° one was a nested case-control
design,”® one used a case-control design’’ and three studies
used a cross-sectional design.”’~>* The average follow-up time
for the cohort studies was 7.67 years,”> > and the follow-up
time for the nested case-control study was 21 years.>® Sample

sizes ranged from 125 to 6359 participants with samples from
England, Finland, France and the USA.

Measurement of sedentary behaviour
Measurement of sedentary behaviour varied considerably with a
total of eight different measures used across the eight studies, as
described in table 2. All eight studies measured exposure to sed-
entary behaviour via subjective methods,>>™° and one study®®
measured sedentary behaviour via an objective method (accel-
erometry). Five studies measured exposure as sedentary time
(ie, time spent sitting, lying down or sleeping)>>—° and four
studies measured exposure as TV time.>** *” One study mea-
sured exposure as TV time and sedentary time.*®

Five studies examined sedentary behaviour using a previously
developed questionnaire.** *° 2873% Tyo studies®® >° used the
Modifiable Activity Questionnaire (MAQ) to assess sedentary
behaviour,®* a single study®® used the Community Health
Activities Model Program for Seniors (CHAMPS) question-
naire,*> another study*® used the Sedentary Behaviour
Questionnaire (SBQ)*>’ and the last study®® used an unnamed
questionnaire developed from previous investigations to assess
sedentary time.** Each of the four questionnaires showed evi-
dence of validity and reliability; however, only the CHAMPS,
MAQ and SBQ were previously validated against a criterion
measure.>” *7 3¢

A single study*® used an accelerometer, the ActiGraph
GT3X+,*" to measure sedentary behaviour objectively.
Accelerometers show good evidence of validity;*® ** however,
there is no current minimum wear standard for reliable seden-
tary behaviour estimates.

Measurement of outcomes from sedentary behaviour

Table 3 describes the measures of cognitive function used.
Thirteen different measures of cognitive function were used
across the eight studies.”>° Studies examined the following
areas of cognition: (1) five measured memory;>* 2* 2% 39 (2) five
measured executive function;>>™>° 28 3% (3) four measured pro-
cessing speed;** **73° (4) two measured incidence of cognitive
impairment or all-cause dementia*® %’ and (5) one measured
perceptual organisation and planning.’® Three studies created
scores for global cognitive function.?® 2% 3°

Assessment of memory

The constructs of memory measured were non-descriptive
memory (ie, unspecified by the authors as to what construct of
memory the test measured), lexical-semantic memory, working
memory, visual memory and episodic memory. Non-descriptive
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Table 3 Measures and methods for outcome assessment (ie, cognitive function)

Domain of cognitive function

Publication assessed (name of measure) Data collection procedure Analyses used Validity and reliability
Cohort designs

Hamer and Processing speed (immediate word Immediate word recall: read 10 words Type of regression: linear mixed Unknown

Stamatakis®3 recall), memory (delayed word recall) and recalled as many words as possible models with random effect intercept;

Kesse-Guyot
etal*

Publication

Kesse-Guyot
etal®

and executive function (verbal
fluency)*’

Lexical-semantic memory (phonemic
fluency and semantic fluency®®),
episodic memory (RI-48 test®),
working memory (Digit span forward
and backward®?), Executive function
(Delis-Kaplan Trail Making Test>®)

Domain of cognitive function assessed

Lexical-semantic memory (phonemic
fluency and semantic fluency®),
episodic memory (RI-48 test*),
working memory (digit span forward
and backward>?), executive function
(Delis-Kaplan Trail Making Test>")

Case-control designs

Kivipelto
et al*®

Lindstrom
etal”’

Screened for cognitive impairment and
all-cause dementia

Screened for AD

Cross-sectional designs

Rosenberg
et al*®

Steinberg
et al*

Executive function and processing
speed (Trail Making Test*')

CogState computerised battery.*>
Cognitive tests assessed: (1)
processing speed; (2) visual attention,
recognition and memory; (3) verbal
learning and memory; (4) immediate
recall; (5) delayed recall; (6) working
memory and (7) problem-solving and
reasoning

immediately after. Delayed word recall:
using same list, recalled words after they
completed other cognitive function tests.
Verbal fluency: named as many animals
as possible in 1 min. A global cognitive
function score calculated from the sum of
standardised scores on each test

Phonemic fluency: cited as many words
as possible in 2 min beginning with the
letter ‘p’. Semantic fluency: named as
many animals as possible in 2 min. RI-48
test: delayed cued recall test. Digit span
forward and backward: repeated
sequence of seven digits, forward and
backward. Trail Making Test: connecting
numbers and letters alternating between
the two series

Data collection procedure

Phonemic fluency: cited as many words
as possible in 2 min beginning with ‘p'.
Semantic fluency: named as many
animals as possible in 2 min. RI-48 test:
delayed cued recall test. Digit span
forward and backward: repeated
sequence of 7 digits, forward and
backward. Trail Making Test: connecting
numbers and letters alternating between
the two series

Mini-Mental State Examination (MMSE)*’
at screening phase and for those who
scored <24, neuropsychological
examinations conducted to screen for
all-cause dementia, according to the
Diagnostic and Statistical Manual of
Mental Disorders®®

Cases evaluated by neuropsychological,
laboratory and neurological examinations

Trails A was completed first, followed by
Trails B. Both items were scored using
completion time in seconds, and scores
for participants who were unable to
complete the examination were set to the
maximum value (300 s). Executive
function was estimated by subtracting
time of Trails A from Trails B

Participants administered the CogState
tests over a 35 min period

Covariates and confounders: age sex,
smoking, alcohol, physical activity,
social status, disability, chronic
illness and body mass index (BMI)

Type of regression: structural
equation modelling;

Covariates and confounders: age,
gender, education, time lag between
baseline and cognitive evaluation,
occupation, energy intake, number
of 24-hour records, BMI, depressive
symptoms, memory issues, diabetes,
hypertension and cardiovascular
disease

Analyses used
Type of regression: principal
component analysis

Type of regression: multiple logistic
regressions

Type of regression: unconditional
logistic regression model

Type of regression: linear
mixed-effects models

Covariates and confounders: age,
gender, marital and educational
status.

Type of regression: linear regression
analyses

Covariates and confounders: age,
sex, race and education

Phonemic and semantic
fluency: test-retest reliability
r=0.82.%"

RI-48: classified 88% of
people with mild cognitive
impairment (MCl) or
Alzheimer's disease (AD)
correctly.®®

Digit span: B=0.64 in
confirmatory factor
analysis.**

Trail Making: r=—0.38
compared to Stroop Color
Word Score>®

Validity and reliability
Phonemic and semantic
fluency: test-retest reliability
r=0.82."'

RI-48: classified 88% of
people with MCI or AD
correctly.®®

Digit span: B=0.64 in
confirmatory factor
analysis.>?

Trail Making: r= —0.38
compared to Stroop Color
Word Score®

MMSE: test—re-est reliability:
r=0.89; validity: r=0.78
compared to Verbal 1Q and
r=0.66 compared to
performance 1Q>*

Unknown

Trail Making Test: Reliability
r=0.60-0.90;*" discriminant
validity: t=16.20
(p<0.001).>*

Validity: r=0.49-0.83%°

Continued
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Table 3 Continued

Domain of cognitive function

Publication assessed (name of measure)

Data collection procedure

Analyses used Validity and reliability

Vance et a*°

Memory (Benton Visual Retention
Test*); processing speed and
executive function (Trail Making
Test*"); visual memory, perceptual
organisation and planning
(Rey-Osterrieth Complex Figure Copy

and Recall Tests*®)

from memory

Benton Visual Retention Test: shown a
series of geometric designs and then
draw from memory. Trail Making Test:
connected 25 alternating number and
letter circles in sequence as quickly as
possible. Rey-Osterrieth Complex
Figure and Recall Tests: reproduced
complex figure while present and then

Benton Visual Retention
Test: inter-rater reliability
r=0.80-0.90.>

Trail Making Test: reliability
r=0.60-0.90;*" discriminant
validity: t=16.20
(p<0.001).>*

Rey-Osterrieth Complex
Figure Copy and Recall Tests:
reliability r=0.90%

Types of regression: latent growth
model;

Covariates and confounders: age,
depression and physical activity (PA)

memory was measured via delayed word recall®! in one study*?
and the Benton Visual Retention Test™ in another study.*®
Lexical-semantic memory was measured via phonemic and seman-
tic fluency®® in two studies.** >* Working memory was measured
by digit span forward and backward®? in two studies.** >° Visual
memory was assessed using the Rey-Osterrieth Complex
Figure Copy and Recall Test*® in one study.*® Episodic memory
was measured via the RI-48 test® in two studies.”* *° Among the
measures used, the Benton Visual Retention Test, phonemic and
semantic fluency, digit span forward and backward, Rey-Osterrieth
Complex Figure Copy and Recall Test and the RI-48 have evidence
of validity and reliability.*® 3° 51 3

Assessment of executive function

Two studies* *° used the Delis-Kaplan Trail Making Test>* to
assess executive function, one study>’ used verbal fluency’! and
two studies”® *° used Trail Making Test.*' The Delis-Kaplan
Trail Making Test and the Trail Making Test have evidence of
validity and reliability.*! 53 54

Assessment of processing speed

Processing speed was measured via immediate word recall*! in one
study®® and by Trail Making Test*! in two studies.”® *° Only Trail
Making Test has evidence of validity and reliability.*! *3 >4

Assessment of cognitive impairment and all-cause dementia
incidence

One study®® used the Mini-Mental State Examination®” to
screen for cognitive impairment and then conducted neuro-
psychological examinations to screen for all-cause dementia
according to the Diagnostic and Statistical Manual of Mental
Disorders.® The other case-control study?” screened for cases
of Alzheimer’s disease using unstated neuropsychological,
laboratory and neurological examinations. Evidence of validity
and reliability exists for the Mini-Mental State Examination.>”

Assessment of perceptual organisation and planning
The study®® measuring perceptual organisation and planning
used the Rey-Osterrieth Complex Figure Copy and Recall
Test.*® Evidence of validity and reliability exists for the
Rey-Osterrieth Complex Figure and Recall Test.*®

Assessment of global cognitive function

One study®’ used the CogState* computerised battery to assess
global cognitive function. Another study”’ created a standar-
dised global cognitive function score from the three cognitive
measures used in the study: immediate word recall, delayed
word recall and verbal fluency.®>! The final study®® to measure

global cognitive function used a standardised score from the
Benton Visual Retention Test,* Trail Making Test*!' and
Rey-Osterrieth Complex Figure Copy and Recall Test.*® Only
the CogState computerised battery has evidence of validity and
reliability as a global cognition measure.>

Quality assessment
Studies varied considerably in quality as shown in table 4. On
average, studies met 19 of the 22 specific criteria of the STROBE
checklist.”>=° One article met all guidelines for the reporting of
information;>* however, three studies failed to address four or
more different criteria of the STROBE checklist.>”~>° All four of
the high-quality studies found negative associations between sed-
entary behaviour and cognitive function.**2°

The common issues were failure to report (1) study size
(n=4);*"3% (2) information about the design in the title and
abstract (n=4);2¢ 2873% (3) potential biases (n=4)*"° and (4)
specific objectives and hypotheses (n=3).>* 2¢ 2 Other issues in
study quality included failure to report (1) eligibility criteria
(n=1);>"(2) sources of data and method of assessment (n=1);>’
(3) describing statistical analyses (n=1);*° (4) providing a cau-
tious overall interpretation of the study (n=1);?% (5) discussing
the generalisability of the findings (n=1)*® and (6) outcomes,
exposures and potential confounders (n=1).*

Findings from studies on the association of sedentary
behaviour with cognitive function

In total, six studies found associations between increased seden-
tary behaviour and decreased cognitive function.”>*® Two
studies found associations between increased sedentary behav-
iour and improved cognitive function.”® 3°

Cohort designs

Among the cohort studies, one study found an association
between increased sedentary behaviour and decreased cognitive
function over time.”* The other two studies found associations
between increased sedentary behaviour and lower cognitive
function at baseline, but no association between sedentary
behaviour and cognition over time.”*

Case-control designs

The nested case-control study found the odds of developing all-
cause dementia were higher for individuals who engaged in
more sedentary behaviour.?® In addition, the other case-control
study found that individuals who watched more hours of televi-
sion per day had higher odds of developing Alzheimer’s disease
in later life.?”
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Table 4 Quality assessment for studies on the relationship of sedentary behaviour with cognitive function

Cohort designs

Case-control designs

Cross-sectional designs

STROBE
checklist*

Hamer and
Stamatakis?®

Kesse-Guyot
et al**

Kesse-Guyot
et al”®

Kivipelto
et al*®

Vance
et al®

Lindstrom
et al”’

Rosenberg
et al*®

Steinberg
et al”®

H

4e

00 ~N O U1 B W N =

- O
o
o+ o+ o+ o+ o+ o+ o+ o+ o+

Nﬂd_‘_‘_‘ﬁd_‘_‘

O W 00 N O U1 B W N =

+ + + + + + + +
I

S
+ 4+ + + + + + FFFF A+ +

o+ o+ o+ o+ o+ o+ o+ o+

22

4

+ 4+ + + + + + F FF o+ o+

o+ + + + + o+
I+ 1+ 4+ o+ o+ o+
I+ + + + +

I+ + + + + + +

+ + + + + o+ o+ +

+ o+ + + + + + + 4+ 4
+ 4+ + + + o+
+ 4+ + + + o+

4

*The STROBE checklist asks the following information (+=Reported; —=Not reported):

. Gives the scientific background and rationale.

. States specific objectives and hypotheses.

. Presents key elements of study design.

. Describes setting, location, exposures, follow-up and relevant dates.

. Clearly defines eligibility criteria and methods of selecting participants.

. Gives sources of data and clearly defines method of assessment.
. Describes potential bias.

10. Explains how study size was arrived at.

11. Explains how quantitative variables were handled in analysis.
12. Describes all statistical analyses.

WLoOoO~NOUTSE WN =

. Clearly defines outcomes, exposures, potential confounders, predictors and effect modifiers.

. Indicates study design in title and abstract and provides an informative and balance summary in the abstract.

13. Reports number of individuals at each stage of study and gives reasons for non-participation.

14. Gives characteristics of study participants and indicates number of missing data.
15. Reports number of events (outcomes and/or exposures).

16. Clearly provides the main results of analyses.

17. Reports all other analyses done.

18. Summarises key findings with reference to study objectives.

19. Discusses limitations of the study.

20. Provides a cautious overall interpretation of the study.

21. Discusses the generalisability of the findings.

22. Gives the sources of funding and role of the funders.

Cross-sectional designs

The results of the cross-sectional studies were mixed. One study
found associations between increased sedentary behaviour and
lower cognitive function.”” A second study found sedentary
behaviour was positively associated with cognitive function.*®
The final cross-sectional study found subjectively measured sed-
entary behaviour was positively associated with processing
speed; however, there was no association between sedentary
behaviour and cognitive function when measured objectively.*®

DISCUSSION

Summary of main findings

Our results indicate sedentary behaviour is associated with
reduced cognitive function over the lifespan. Importantly, all
four of the high-quality studies found sedentary behaviour is
associated with poorer cognitive function. However, the hetero-
geneity in the current methods used to quantify sedentary

behaviour and cognitive function is the major barrier to deter-
mining the precise magnitude of this relationship. We also
found only one study used an objective measure of sedentary
behaviour and a number of exposure measures lacked evidence
of validity and reliability.

Furthermore, two of the three longitudinal studies had
follow-up periods of <10 years, which may account for the sig-
nificant findings at baseline but not over time.>*> >* Changes in
cognition occur gradually over the adult lifespan,’® often with
detectable changes occurring after the age of 60.°7 As such,
studies with short-term follow-ups (ie, <10 years) may not
detect meaningful associations between changes in cognition
and lifestyle behaviours.

Comparison of the findings with the literature
A large body of work on the association between physical activ-
ity and improved cognitive function exists®; however, far less is
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known about the association of sedentary behaviour with cogni-
tion. Some preliminary findings have suggested that sedentary
behaviour is associated with later-life cognitive impairment but
have also noted a lack of epidemiological evidence needed to
draw strong conclusions.'® 2°

Our review suggests sedentary behaviour is indeed associated
with impaired cognitive function and all-cause dementia risk.
Specifically, higher quality studies*®~2° and those of stronger epi-
demiological evidence (ie, cohort or case-control design)*>= all
found associations between increased sedentary behaviour and
poorer cognition. Moreover, the current evidence suggests an
association by meeting five of the nine epidemiological criteria
for causation.® Specifically, the criteria met include: (1) consist-
ent findings across persons, places and circumstances; (2) evi-
dence of temporality; (3) evidence of a dose-response
relationship; (4) a plausible mechanism by which exposure leads
to outcome and (5) by analogy, the exposure is associated with
outcome. Importantly, our systematic review found consistency
in the findings,”>’ evidence of temporality”* ¢ *” and evi-
dence of a dose-response relationship.>*=>* °

In addition to our findings, a plausible mechanism by which
sedentary behaviour is associated with cognitive decline is emer-
ging. Recent data suggest prolonged sedentary time impairs
glucose and lipid metabolism,’” which are both recognised as
risk factors for cognitive decline and all-cause dementia.®® ©!
There is also evidence that sedentary behaviour is related to cog-
nitive decline by analogy. Briefly, sedentary behaviour is asso-
ciated with many chronic diseases'® !> ¢ 2 which are also
associated with cognitive impairment and dementia risk.*>~%°
Thus, the evidence collectively suggests sedentary behaviour is a
risk factor for later-life cognitive impairment and all-cause
dementia risk.

Assessment of sedentary behaviour

While our findings suggest there is now enough evidence to
consider sedentary behaviour a risk factor for cognitive decline
and dementia, the current measurement of sedentary behaviour
still has some limitations. First, only one of the studies reviewed
measured sedentary behaviour with an objective measure.?®
While there is no one best measure for assessing sedentary
behaviour,°® and objective measures and subjective measures
have limitations,®” objective measures are considered to be more
accurate and reliable because they eliminate recall bias.®® This is
because physical activity participation among older adults is
often intermittent, sporadic or unstructured, which makes recall
extremely difficult;®” thus, older adults may unintentionally
over-report their sedentary behaviour.”® However, this does not
mean subjective methods of assessing sedentary behaviour are
useless. Complete data from objective measures have an inherent
selection bias which limits the generalisability of the findings,
and objective assessment may miss components or dimensions
of sedentary behaviour which may be health protective.®® Thus,
future research examining the association of sedentary behav-
iour with cognitive function should use both objective and sub-
jective measures whenever possible.”!

Second, four of the eight studies we reviewed used measures
of sedentary behaviour with no previous evidence of validity or
reliability.®> 2¢ 27 3% Validity and reliability are important for
making sound interpretations from tests, and thus the lack of
evidence of either calls into question the conclusions drawn
from these studies.””> 7> The continued use of measures without
evidence of validity and reliability is making the conclusions
drawn from these studies questionable at best, and downright
wrong at worst.”*

Finally, the construct of sedentary behaviour was misclassified
in several of the studies. For example, Kivipelto et al*® cate-
gorised participants as sedentary based on self-reported leisure-
time physical activity of less than twice per week. Yet, the
absence of physical activity does not define sedentary behav-
iour,' and thus misclassification in the literature poses chal-
lenges to accurately assessing the association between sedentary
behaviour and cognitive function.

Assessment of cognitive function

While the current measurement of cognitive function in the
studies reviewed appears to be more rigorous than the methods
used to assess sedentary behaviour, there are still concerns. First,
the numerous measures of cognitive function currently in use
are obfuscating the relationship between sedentary behaviour
and cognition. The eight studies we reviewed used a total of 13
measures of cognitive function. Specifically, the studies assessed
memory by six different tests, executive function by four tests,
processing speed by two methods, cognitive impairment by two
methods and global cognitive function by three methods. With
such a wide variety of measures used to assess each domain of
cognitive function, comparing study results is extremely diffi-
cult. On the basis of the heterogeneity of measures, we recom-
mend future studies use the following instruments for each
domain of cognition to allow comparisons across studies: (1)
RI-48 for memory; (2) Trail Making Task for executive function;
(3) immediate word recall for processing speed; (4) the
Rey-Osterrieth Complex Figure Copy and Recall Test for per-
ceptual organisation and planning and (5) the Montreal
Cognitive Assessment (MoCA)”* for global cognition.

In addition, the numerous domains of cognition being
assessed (ie, global cognition, memory, executive function, etc)
prevent comparisons of study results. Few studies tested similar
domains of cognition, and thus it is unclear if sedentary behav-
iour is associated with decrease in global cognitive function,
several different domains of cognition or just a single domain.
Future studies therefore need to first determine which domains
of cognitive function decrease with increased sedentary behav-
iour. One means of potentially assessing all domains of cognitive
function concomitantly would be the use of the NIH toolbox,”®
which could independently examine the associations of seden-
tary behaviour with memory, executive function, and so forth.

Several of the measures used to assess cognitive function in
these studies also lacked evidence of validity or reliability, and
thus the conclusions may not be valid for the construct the
authors planned to investigate.”” For example, Hamer and
Stamatakis®> used a memory test (ie, delayed word recall)
without evidence of validity or reliability; thus, rather than
measuring memory, the test may be related to another construct,
such as executive function.

While there are some issues with measurement of cognitive
function in these studies, our preliminary findings suggest seden-
tary behaviour is negatively associated with memory, executive
function and global cognition. These findings suggest sedentary
behaviour has a similar association with cognition as exercise and
moderate-to-vigorous physical activity. Moderate-to-vigorous
physical activity, as well as aerobic and resistance exercise, is well
documented to affect multiple domains of cognitive function.”®
Furthermore, moderate-to-vigorous physical activity and exercise
are established as an all-cause dementia prevention measure
which could reduce the incidence of all-cause dementia by as
many as 1 million cases worldwide.”” Given this information,
sedentary behaviour may be adversely associated with the same
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neurophysiological pathways as moderate-to-vigorous physical
activity and exercise.

Study quality

The STROBE checklist for observational studies is designed to
ensure important information on study design is available, so
readers of research can follow what was planned, what was
done, what was found and what conclusions can be drawn.?
This information is an important component for systematic
reviews;** 31 however, when components required by the
STROBE guidelines are absent, the conclusions which can be
drawn from these studies suffer.

The quality of studies we reviewed varied greatly with several
of the studies showing multiple flaws in reporting. Only one
study>* met all criteria of the STROBE, and several studies were
missing multiple criteria. Issues such as sampling bias, selection
bias, recall bias and detection bias may therefore have inflated
the results of these studies. We therefore recommend future
investigations on how sedentary behaviour is associated with
cognitive function firmly adhere to the STROBE guidelines.

Finally, the lack of a sample size calculation by any of the
studies we reviewed is an important concern. Sample size calcu-
lations for observational studies require a compromise between
balancing the needs of power, economy and timeliness.®*
Failure to attain a sample size with enough power inevitably
leads to type II error; however, equally erroneous is using a
sample size that is ‘too big’ that detects an effect of little scien-
tific importance.®® For example, one study we reviewed
included well over 6000 participants> which may have
accounted for the significant, albeit small, results.

Recommendations
Current physical activity guidelines offer a brief policy recommen-
dation on sedentary behaviour—avoid it as much as possible;®* 8°
however, in order to best promote healthy cognitive ageing, an
empirically derived public health message is still needed. Thus, we
have developed healthy cognitive ageing guidelines for sedentary
behaviour which are in line with current evidence and recommen-
dations.'” 18 85 8¢ WXk therefore recommend all adults should (1)
avoid sedentary time wherever possible; (2) limit discretionary
sitting time to <2 h/day; (3) stand up and move after 30 min of
uninterrupted sitting and (4) increase light-intensity activity (ie,
standing and light walking) to >2 h/day by substituting these activ-
ities for sedentary time (eg, stand while watching television).
Combating a sedentary lifestyle—and associated cognitive
declines—also requires an emphasis on encouraging adults to
engage in >150 min/week of moderate-to-vigorous physical
activity. Regular moderate-to-vigorous physical activity is a pillar
of healthy cognitive ageing, with current evidence suggesting
>150 min/week of moderate-to-vigorous physical activity
reduces the risk of Alzheimer’s disease by 38%.%” Moreover,
empirical evidence has found a strong and consistent relationship
between moderate-to-vigorous physical activity and cognitive
function. Given the current evidence, we recommend all adults
limit discretionary sedentary behaviour to <2 h/day and con-
comitantly engage in >150 min/week of moderate-to-vigorous
physical activity. Meeting these recommendations may best
promote healthy cognitive ageing and could reduce the incidence
of all-cause dementia by more than 1 million cases worldwide.®

Limitations and future directions

This review only investigated observational studies on how sed-
entary behaviour is associated with cognitive function; however,
to our knowledge, this is the first systematic review to evaluate

the evidence. There may also be a publication bias which limits
the generalisability of our findings; however, this limitation is
inherent in all systematic reviews. Our systematic review located
only eight studies, but our findings do show a consistent rela-
tionship that sedentary behaviour is associated with poorer cog-
nitive function. Although all four high-quality studies found
sedentary behaviour is associated with poorer cognition,>32¢
more high-quality studies are needed before estimates can be
made about the attributable risk of sedentary behaviour to cog-
nitive impairment and all-cause dementia.

Given this area of research is still developing, our study only
provides an initial platform for examining the association of
sedentary behaviour with cognitive impairment and all-cause
dementia. Our preliminary recommendations for healthy cogni-
tive ageing are therefore broadly consistent with current
policy™” 8 85 8¢ 4nd may need to be refined as more evidence
emerges.

Dementia is also a complex disease which has several forms
including Alzheimer’s disease and vascular dementia, which
have vastly different aetiologies. While the mechanisms may be
different by which the different subtypes of dementia occur,
there are certainly similarities in terms of risk factors. For
example, Laurin and  colleagues found  increased
moderate-to-vigorous physical activity was associated with
reduced risks of cognitive impairment and dementia of any
type.®” Thus, our preliminary findings suggest reduced cognitive
function and increased all-cause dementia risk are associated
with a sedentary lifestyle. Future studies should determine the
associations of sedentary behaviour with different types of
dementia.

Related to this issue, different types of sedentary behaviour
may have different associations with cognitive function. For
example, there is some evidence that computer use may posi-
tively affect cognitive function in later life.?*>® However, since
only eight studies assessing sedentary behaviour were included
in this review—and only three studies®*2® assessed computer
use as an exposure variable—it would be difficult to make com-
parisons and draw conclusions from the available literature.
Future studies are therefore needed to determine how different
sedentary activities, such as computer use, moderate the rela-
tionship between sedentary behaviour and cognitive function.

CONCLUSIONS

The current body of evidence suggests sedentary behaviour is
negatively associated with cognitive function; however, the asso-
ciations between sedentary behaviour and cognitive function are
complex and largely dependent on the exposure variable and
outcomes assessed. Nonetheless, our findings suggest reducing
discretionary sedentary time to <2 h/day and concomitantly
engaging in >150 min/week of moderate-to-vigorous physical
activity may best promote healthy cognitive ageing.
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