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Sedentary and cognition in older people

Abstract (215/250)

Background: Physical activity can improve cognitive function of older adults, but the
influence of sedentary behaviour on cognition is less clear. This systematic review
investigated associations between sedentary behaviour and cognitive function in older
adults without dementia, and possible mechanisms involved.

Methods: Major databases were searched for studies in English between 01/01/1999 and
31/10/2019. The systematic review followed COSMOS-E guideline and a pre-registered
protocol (CRD42019122229). Risk of bias was assessed using NICE Quality appraisal
checklist. Findings were narratively synthesized and presented.

Findings: Eighteen studies comprised of Thirteen cross-sectional and five longitudinal
analyses (n= 40,228). Evidence suggested varied associations between varied sedentary
behaviours and cognitive function in older adults. 50% of study analyses did not control for
physical activity. 3/18 studies demonstrated associations between higher sedentary levels
and lower levels of brain biomarkers, while 1/18 showed auto-regulatory effect in the left
hippocampus. Conducting a meta-analysis was not justifiable due to considerable
methodological, participant, outcome and exposure heterogeneity.

Conclusion: There is a lack of clarity about the overall and independent association
between sedentary behaviour and cognition in older age. Underlying mechanisms are
similar to physical activity and probably multi-modal. More studies with robust designs and
methodology are needed to confirm effect of sedentary behaviour on cognition.

Key words: Sedentary behaviours, older adults, cognition, review, meta-analysis

Key points

¢ Independent association between sedentary behaviors and cognition in older
people is unclear;

e There is considerable heterogeneity in available studies;

¢ Mechanisms explaining association are similar to physical activity and probably
multi-modal;

e Future intervention studies are needed to confirm causal associations and effect.
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Sedentary and cognition in older people

1 Introduction

Aside from ageing, physical inactivity, defined as attaining less than recommended
physical activity levels is one of the largest attributable risk factor of incident dementia
(Norton et al., 2014; Piercy et al., 2018). The American Society of Sports Medicine
recommends that older people engage in150 minutes and 75 minutes of moderate and
vigorous intensity activities per week respectively(Piercy et al., 2018). While achieving
higher physical activity levels across the life-course is associated with healthy ageing
(Daskalopoulou et al., 2017), it may be challenging in later life due to barriers such as
entrenched behaviours, health status, isolation and poor access to amenities(Olanrewaju
et al., 2016). In addition to physical in/activity, there is growing interest in the potential

deleterious impact of sedentary behavior on health outcomes.

Sedentary behaviour (SB) refers to any waking behaviour characterized by an energy
expenditure of <1.5 metabolic equivalents (METs), while in a sitting, reclining or lying
posture(Tremblay et al., 2017). The prevalence of sedentary behaviour is high in older
adults and appears to increase with age (Harvey et al., 2013), co-morbidities (Fleig et al.,
2016) and cognitive decline (Nemoto et al., 2018). A systematic review found that almost
60% of older adults world-wide reported sitting for more than four hours per day and
when device-measured, 67% of the older population were sedentary for more than 8.5
hours in their waking day (Harvey et al., 2013). A separate study, which objectively
assessed twenty-four-hour movement and non-movement behaviours among community
dwelling older people using a multi-sensor activity monitor found that 30.7% of their total
daily time was engaged in sedentary behaviours. Findings from a meta-analysis
suggested higher levels of sedentary behavior are associated with all-cause mortality,
cardiovascular disease mortality, cardiovascular disease incidence, cancer mortality, and
type 2 diabetes incidence, possibly independent of physical activity levels (Biswas and
Alter, 2015).

A more recent meta-analysis indicated a log-linear association between a cut-off of nine
hours of daily sedentary time and all-cause mortality in adults aged 18-64 years(Ku et al.,
2018). However, the relationship of sedentary behaviour with the cognitive health of older
adults is less clear and inconclusive. The first systematic review on this topic searched
literature between 1, January 1990 and 6, February 2016, included and evaluated eight
observational studies (Falck et al., 2017a). Its findings suggested that sedentary behaviour

was negatively associated with cognitive decline in adults aged 40 years and over.
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Sedentary and cognition in older people

Further, this review highlighted several issues such as sample size, context of sedentary
behaviours, quality of included primary studies reviewed, and poor evidence on long term

associations.

In addition to the need for an updated review, we have identified several gaps within
literature regarding the relationship between sedentary behavior and cognitive function in
older adults including lack of clarity about associations in the older age; associations by
sedentary behavior context; magnitude of associations and potential mechanisms which
underpin the associations. This review proposes to further the existing body of knowledge
by (1) conducting a comprehensive review of the evidence investigating the associations
between types of sedentary behaviours and cognitive function in older adults (65years+)
(2) review possible physiological mechanisms that may underlie the associations (3)

perform a meta-analysis of estimates from included studies.

2 Methods

This review protocol was registered on PROSPERO (CRD42019122229) and reviews
follow COSMOS-E guideline (Dekkers et al., 2019).

2.1 Types of Studies

We searched for quantitative studies including but not limited to randomized controlled
trials (RCTs); controlled clinical trials (CCTs); controlled before and after studies (CBAs);
interrupted time series (ITS); quasi-experimental; cohort, case-control and cross-sectional
studies. Only human studies were considered. Primary studies published between
01/01/1999 and 31/10/2019 in English were included. Studies that solely focused on

qualitative methods and reporting only qualitative data were excluded.

2.2 Participants / Population
Studies were included if participants had a mean age of 65+ and lived in the community.

Studies with participants diagnosed with dementia were excluded.

2.3 Exposure

We used the Sedentary Behaviour Research Network consensus terminology, which
includes and defines sedentary behavior as any waking behavior characterized by <= 1.5
metabolic equivalents (METS) in sitting, lying or reclining posture (Tremblay et al., 2017).
We loosely pre-defined study exposure to capture a wide range of objectively (device
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Sedentary and cognition in older people

measured) and self -reported sedentary behaviours in sitting, lying, or recline position. We
reported on possible physiological mechanisms that may mediate and /or influence the
effects of sedentary behaviours on cognition such as oxidative stress, glucose metabolism
and neuroplasticity.

2.4 Comparators / Control

Studies with any comparator or no comparator.

2.5 Primary outcomes
Primary outcomes included measures of effects and / or associations with any domain of
cognitive function, capacity, reserve, decline as measured by any appropriate and

validated tool including cognitive tests, and relevant brain imaging.

2.6 Secondary outcomes

We reported associations between sedentary behaviours and neuro-biomarkers with

known associations with and /or surrogates of cognitive function in human studies.

2.7 Searches

We used a wide range of search terms covering the following concepts and domains
including ageing and older people; sedentary behaviours, physical activity, cognitive
function, inactivity, cognition, physiology, pathology, and relevant neuro-biomarkers.
Please see appendix for full details of our search protocol as registered on PROSPERO.
Databases searched between 01/01/1999 and 31/10/2019 included: MEDLINE, EMBASE,
PsycINFO, CINAHL, Social Science Index, Cochrane Central Register of Controlled Trials
(CENTRAL), Database of Abstracts of Reviews of Effects (DARE), and Health Technology
Assessment (HTA). Reference lists of previous reviews included studies, York CRD

databases. Websites were searched for grey literature (e.g. WHO, Google scholar).

2.8 Data extraction, selection and coding

Titles and abstracts were screened independently by two reviewers (OO, SS). Differences
between reviewers' results were resolved by discussion and when necessary in
consultation with a third reviewer (LS). If after discussion, there was still doubt about the
relevance of a study for the review it was retained. Full paper copies were obtained for all
reviews identified by the title/abstract screening. Full paper screening was conducted
independently by two people (OO, SS). We extracted data on study design; age;
exposures, characteristics of study participants, outcome measures and results.
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2.9 Quality assessment and Risk of Bias

Risk of bias and quality were assessed using NICE Quality appraisal checklist for
quantitative studies reporting correlations and associations, based on the appraisal step of
the ‘Graphical appraisal tool for epidemiological studies (GATE) (NICE, 2014). For each
study, we awarded an overall quality grading for internal validity (IV) and a separate one

for external validity (EV) as follows:

e (++) All or most of the checklist criteria have been fulfilled, where they have not been
fulfilled the conclusions are very unlikely to alter.

e (+) Some of the checklist criteria have been fulfilled, where they have not been fulfilled,
or adequately described, the conclusions are unlikely to alter.

e (-) Few or no checklist criteria have been fulfilled and the conclusions are likely or very

likely to alter.

All our studies were fully, and double quality assessed. Any discrepancy between

reviewers was resolved by discussion.

2.10 Data Synthesis

Findings were narratively synthesized and presented. A meta-analysis was considered,
but significant methodological heterogeneity precluded a meaningful meta-analysis. We
explored heterogeneity by mapping variation in study designs and characteristics based
on mode of sedentary behaviour measurement (self-reported versus device-measured).

3 Results (overall)

The overall search yielded 9109 records after 451 duplicates were removed. Eighteen
studies on sedentary behavior associations and mechanisms met the inclusion
criteria(Bronas et al., 2019; Cukic et al., 2018; Da Ronch et al., 2015; Edwards and
Loprinzi, 2017; Engeroff et al., 2018; Falck et al., 2017b; Fancourt and Steptoe, 2019;
Garcia-Hermoso et al., 2018; Hamer and Stamatakis, 2014; Kesse-Guyot et al., 2012; Ku
et al., 2017; Kurita et al., 2018; Maasakkers et al., 2019; Nemoto et al., 2018; Steinberg et
al., 2015; Vance et al., 2005; Wanigatunga et al., 2018; Zlatar et al., 2019, 2014) .
Countries of study were USA (N=7), Canada (N=1), UK (N=2), Europe (N=3), Chile (N=1),
Japan (N=3) and Taiwan (N=1). The study identification flowchart is shown in Fig. 1. A

summary of the included reviews, descriptive characteristics and effect estimates are
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presented in Table 1. Total number of participants was 40,228, with mean ages between

65-83 years. Our search did not yield any primary intervention study.

Thirteen cross-sectional (Bronas et al., 2019; Da Ronch et al., 2015; Edwards and
Loprinzi, 2017; Engeroff et al., 2018; Falck et al., 2017b; Garcia-Hermoso et al., 2018;
Kurita et al., 2018; Nemoto et al., 2018; Steinberg et al., 2015; Vance et al., 2005;
Wanigatunga et al., 2018; Zlatar et al., 2019, 2014) and five longitudinal or follow-up
studies (Fancourt and Steptoe, 2019; Hamer and Stamatakis, 2014; Kesse-Guyot et al.,
2012; Ku et al., 2017; Maasakkers et al., 2019) or analyses were included. Three studies
(Falck et al., 2017b; Nemoto et al., 2018; Zlatar et al., 2019) reported findings from
primary studies while the rest were secondary analysis of existing data from cohort and
randomized trials. 3/18 studies reported both positive and negative associations between
multiple sedentary behavior exposures and cognition, while the rest reported single
associations. 6/18 and 9/18 studies reported positive and negative associations between

sedentary behaviours and cognitive function respectively.

Sedentary behaviour types and how these were measured varied across studies.
Sedentary behaviour levels were measured using various accelerometer or
inclinometer(Engeroff et al., 2018; Falck et al., 2017b; Ku et al., 2017; Wanigatunga et al.,
2018; Zlatar et al., 2019, 2014), while the rest of the studies reported self-reported
measured sedentary behaviours using validated and non-validated questionnaires. Five
studies reported TV watching (Da Ronch et al., 2015; Fancourt and Steptoe, 2019; Hamer
and Stamatakis, 2014; Maasakkers et al., 2019; Nemoto et al., 2018), Two studies
reported sitting time (Garcia-Hermoso et al., 2018; Maasakkers et al., 2019); two studies
reported computer /internet use (Hamer and Stamatakis, 2014; Kesse-Guyot et al., 2012)
and one study reported reading (Nemoto et al., 2018). One study grouped a number of
sedentary exposures and termed them ‘Cognitive Activities in Sitting Position’(Kurita et al.,
2018). These included reading books or newspapers; writing a diary or letters without
using a mobile or smart phone; solving crossword puzzles; playing board games; using a

computer, including internet use; and maintaining housekeeping records.

All studies used regression models that adjusted for commonly used socio-economic
factors associated with activity levels such as age, gender, ethnicity, marital status,
education and occupation. Outcomes of cognitive domains varied across studies. In
addition to outcomes of global cognition (Mini-Mental Scale Examination, Alzheimer’s

disease Assessment scale-Cognition, CogState computerized battery), other domains
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measured included memory (immediate and delayed recall, Benton Visual Retention test),
perceptual organization and planning (Rey-Osterrieth Complex figure (Rey-O), executive
function (Trail Making test), semantic fluency, processing speed (immediate word recall,
Wechsler Adult Intelligence Scale-Ill Digit Symbol Coding (WAISC-DSC)), and
neurological biomarkers (BDNF serum levels, cerebral blood flow, White Matter hyper-

intensity volume).

Fig 1: PRISMA Flow diagram
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Table 1: Included reviews and study characteristics

Name N IAge (years) Exposure Design Outcome measure [Effect estimate / to-variates Study quality
Direction of size djusted
IAssociation (Internal /
External validity)
Bronas 2019|121 B0+ (Mean [Sedentary behavior 'Secondary analysis |WMH volumes Unadjusted IAge, sex IV (-)
lage: 68.3Y) |measured using SB of cross-sectional  |using MRI: lestimates education, FSRP-
questionnaire (SBQ)  [data (b=0.012, 10 and eGFR,  [EV(++)
Positive association|p=0.002, 95%Cl:
with WMH volumes. 0.004-0.02);
Association was  |adjusted (b =
stronger at lower 5 913; P < 0.001;
levels of kidney 95% Cl, 0.006—
function, as 0.020)
measured by
eGFR.
Da Ronch, [1383 |Mean 72.5 [Time spent watching  |Cross- MMSE score: B co-efficient (- |gender, age, IV (-)
2015 TV in the past week sectional analysis of . 0.105; study centre,
Range (65- |self-reported) MentDis_ICF6+ Negative Cl: -38.7,13.5)  |years of EV(++)
84) study [association P<0.001 leducation, living
o/ 0 status, level of
?7'6 o% functioning, no. of
emale . b -
medical diagnosis
and PA
Edwards, 2472 [Mean 69.9 [Time spent in past (self-|Cross-sectional Digital Symbol B co-efficient (- [age, gender, IV (+)
2017 reported) analysis of Substitution 2.5; Cl: -5.1, -0.2) [race-ethnicity
Range (60- |30 days SED NHANES data test (DSST): P=0.07 smoking, BMI,  [EV(++)
85) +5hours/day versus Negati MVPA
< egative
65.3% Thour/day) assgociation for the
female highest SED levels
(+5H/day) and in
model not
controlled for MVPA|
Falck, 2017 (150 Mean 71.1 (% SED time Cross-sectional IADAS-COG Plus: B co-efficient age, sex and IV (-)
accelerometer) study (.007) P=0.089 |education
Age 55+ Negative EV(++)
association
67.1%
female
Fancourt, 3590 |Mean 67.1 P3.5 hours/day of TV  |Cohort 6Y FU Verbal memory: B co-efficient (- [baseline IV (+)
2019 self-reported) (secondary analysis 0.13; CI: -0.2, - [cognition, sex,
Age 50+ lof ELSA) Negative 0.06) P<0.001  |age, EV(++)
56.39% association leducation,
female em_ployment,
etirement,
Semantic fluency: B co-efficient (- |wealth, social
L 0.13; CI:-0.27,-  [support,
No association 0.02) P<0.082 depression, self-
reported health,
lsmoking, alcohol,
long standing and
chronic
conditions, PA,
mobility problems,
reading daily
newspaper,
internet use
Garcia- 989 |Mean 74.1 ([Total time spent ICross-sectional IMMSE scores: B co-efficient (- [age, sex, BMI, IV (+)
Hermoso, sitting / day (self- lanalysis of Chilean . 0.063) P<0.001 |education and
2018 Age 65+ reported) Health Survey data [Negative lone living, EV(+)
lassociation for lalcohol, drugs
(9% female highest SED levels use, tobacco
+4H/day of sitting intake, depression|
Hamer, 20146359 [Mean 64.9 [Average daily time ICohort 2Y FU Change in B co-efficient IAge, sex, IV (-)
watching TV (secondary analysis |composite global  ((0.2; Cl: 0.07, smoking, physical
Age 50+ <2 hours, 2-4 hours, 4- jof ELSA) cognitive scores  [0.33). Reference [activity, alcohol, [EV(++)
54.8% 6 hours/day) (self- derived from is ‘>6 hours’. social class,
" ) | reported) standardized disability, chronic
‘emale .
iImemory and verbal illness, body
fluency: mass index,
. baseline CES-D
Negative score, and
[association utually for each
Use internet (Yes/No) Positive association B co-efficient (- EZﬂ?\;itgLyr

0.87; Cl: -0.99, -
0.76). Reference
level is ‘Yes’




Sedentary and cognition in older people

Table 1: Included reviews and study characteristics (continued)

ITime spent reading
books / newspapers
>=30mins/day) in last 7|
days (self-reported)

lassociation /
increased odds of
SCC

health, alcohol,
ismoking, medical
istory, loss-event|

Positive

lodds of SCC

lassociation/reduced

[Odds ratio (0.47;
ICl: 0.39,0.57)
P<0.01

experience, stress|
and depression.

Name N IAge (years) Exposure Design Outcome measure [Effect estimate / Eo-variates Study quality
Direction of size djusted
association (Internal /
External validity)
Mean 65.6
Kesse- 2179 Range (52- [Time spent in computer [Cohort 6Y FU Verbal memory: MD (highest age, gender, IV (-)
Guyot, 2012 67), 45%  |use (self-reported/ (cross-sectional » .. [tertile) 1.86; Cl:  |supplementary
female minutes/day) lanalysis of Positive association|p 95, 2 77. igroup EV(++)
ISU.VI.MAX 2 cohort) P<0.0001 education,
loccupational
categories,
retirement,
tobacco use, BMI,
CES-D, general
health, History of
CVD, diabetes,
hypertension,
leisure-time PA,
SED (TV, reading,
computer)
Mean 74.5
Ku, 2017 274 +11 hours/day in SED [Cohort 2Y FU Cognitive ability Rate ratios (2.1; |[Baseline IV (+)
IAge 65+ (accelerometer) (secondary analysis)| (ADS): ICl: 1.19, 3.72) cognition, sex,
) P=0.008 ge, EV(+)
54.4% Negative accelerometer
kemale association for wear time,
highest SED levels leducation, marital
+11H/day of sitting status, income,
smoking, co-
morbidities,
depressive
isymptoms,
MVPA, ADLs.
Kurita, 2018 (5300 [Mean 75 No. of cognitive ICross-sectional Prevalence of Cl, (odds ratio (0.61; [age, sex, IV (+)
ctivities in sitting lanalysis of National |defined by low ICl: 0.55,0.68) education,
Age 65+ CAS) >1/week (self-  [Center for Geriatrics [scores in two or P<0.001 chronic diseases, EV(++)
529 female reported) land Gerontology-  |more of the tests in GDS, MVPA and
Study of Geriatric  [the sitting time
[Syndrome National Center for
Geriatrics and
Gerontology -
Functional
IAssessment Tool:
Positive association
reduced odds of Cl
Maasakkers [10,450Mean age [Various Self-reported [Secondary analysis |Global cognition ~ [HELIAD IAge, gender, IV (+)
2019 (66.7-75.1Y [TV; sitting lof five cohort studies |(MMSE /3MS): (B=0.028, 95%ClI: [ethnicity,
time/weekday/weekend; - -.21,.077, leducation, EV(++)
sitting time at (HELIAD, PATH,  |No association P=0.26) income, BMI,
work/home/driving car; SALSA,SGS,SLAS2) morbidity count,
laccelerometer. ISALSA (B=- perceived health,
0.011, 95%Cl: - |31cohol
.058,.037, consumption,
P=0.66) smoking status,
SGS (B=-0.001, [Tl status,
05%Cl: - dooasion. S|
01,0.007, pression, sleep
P=0.73) lquality, blood
pressure, and PA.
ISLAS (B=-0.011,
95%Cl: -
.027,.004,
P=0.16)
PATH (B=0.001,
95%Cl:-.021,.022,
P=0.96)
Nemoto, 5328 65+ ITime spent watching  [Cross-sectional Subjective cognitivelodds ratio (1.09; |Age, sex, IV (-)
2018 TV (>=3 hours/day) study (survey) complaints: Cl: 0.9, 1.32) education
54.5% n last 7 days (self- . P=0.36 residential status, EV(+)
female reported) Negative self-reported

10
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Name N IAge (years) Exposure Design Outcome measure [Effect estimate / co-variates Study quality
Direction of size adjusted
lassociation (Internal /
External validity)
Steinberg, [125 [Mean age eekly SED (hours)  |Cross-sectional Executive Function B co-efficient age, sex, race IV (-)
2015 77 (self-reported) lanalysis of baseline |(CogState (0.006; land education
data from computerized CI:.001,.111) EV(+)
Age 65+ longitudinal study  |cognitive test P<0.01
66% female composite scores):
Negative
association
\Vance, 2005 [158 |Mean 75 Total time spent SED / (Cross-sectional BVRT: correlation Social isolation  [IV (-)
time at restin 1 week [analysis of baseline co-efficient (0.16) [and depression.
47.5% minutes) data Positive association|p<( g5 EV(+)
female self-reported)
\Wanigatunga|1275 [Mean 79 Objectively measured [Cross- Working memory  |Unstandardized B |self-reported age, IV (+)
2018 sedentary levels as in  [sectional analysis of [[Wechsler Adult co-efficient (-2.03;|sex,
Range (70- |, time spent in +1 min, [LIFE study Intelligence Scale- |SE (0.85) race/ethnicity, EV(+)
89) L+30min, +60min bouts Il Digit Symbol education,
67% female Coding (DSC): income, marital
. status, BMI,
Negative lsmoking status,
association for sleep quality,
highest SED levels. perceived stress,
High % of +1min comorbidity
bout length.
Engeroff 50 Mean 75 Sedentary Cross- BDNF serum levels:icorrelation Unadjusted IV (-)
2018 accelerometer) sectional analysis of co-efficient (-
Age 65+ SMART study Negative 0.347) P<0.05 EV(++)
association
% female
(unspecified)
Zlatar 2014 (33 Mean Sedentary ICross-sectional Left hippocampal B co-efficient age, PA, APOE IV (-)
(APOE-4: ((accelerometer - 7 days [analysis of blood flow: (0.74; P=0.002); [carrier,
[71; non- consecutive) longitudinal study » Non-APOE EV(+)
IAPOE4: Positive carriers (0.096,
68) association/ P=0.61)
regulatory
Range (52- compensation.
B81) Significant in APOE
carriers only.
68.5%
female
Zlatar 2019 [52 mean Sedentary ICross-sectional Executive and R middle frontal |Age, sex, IV (-)
lage(72 +/- |(accelerometer - 7 days [study imemory composite |(B=-0.10, lscanner, scan-
BY) consecutive) scores; CBF using [SE=0.02, type, MVPA, EV(+)
MRI: P<0.01); L&R accelerometer
paracentral lobule wear time
No significant (B-0.08, SE=0.03,
association with  |p<0.01);
cognitive function
scores. Negative
association
between sedentary
time and CBF in
medial and lateral
[frontal regions.

TV (television), MentDis_ICF6+ ( Mental Disorder prevalence study in 65+ years in Europe), MMSE (Mini-Mental State Examination, B (Beta), PA (Physical activity), SED (sedentary), NHANES (National Health and
Nutrition Examination Survey), BMI (Body Mass Index), MVPA (Moderate to Vigorous Physical Activity), ADAS-COG plus (Alzheimer's Disease Assessment Scale-Cognition plus), ELSA (English Longitudinal Study of
Ageing), FU (Follow-up), CES-D (Centre for Epidemiologic Studies-Depression scale), CVD (Cerebrovascular disease), MD (Mean Deviation), SU.VI.MAX 2 (The Supplementation en Vitamines et Mineraux
Antioxydants ), AD8 (Alzheimer’s Disease dementia screening interview), ADL (Activities of Daily living), GDS (Geriatric Depression Scale), BVRT(Benton Visual Retention Test), LIFE (Lifestyle Interventions and
Independence for Elderly), SE (Standard Error), SMART, BDNF (Brain-Derived Neurotrophic Factor), APOE (Apolipoprotein), HELIAD (Hellenic Longitudinal Investigation of Ageing and Diet), PATH (Personality and
Total Health Through Life Project), SALSA (Sacramento Area Latino Study on Aging), SGS (Sasaguri Genkimon Study), SLAS2 (Singapore Longitudinal Ageing Studies (11)), WMH (White Matter Hyperintensity), FSRP
(Framingham Stroke Risk Profile), eGFR (Estimated Glomeruli Filtration Rate), CBF (Cerebral blood flow), MRI (Magnetic Resonance Imaging), IV (Internal validity), EV (External validity)

NICE quality appraisal checklist:
(++) All or most of the checklist criteria have been fulfilled, where they have not been fulfilled the conclusions are very unlikely to alter.
(+) Some of the checklist criteria have been fulfilled, where they have not been fulfilled, or not adequately described, the conclusions are unlikely to alter.

(-) Few or no checklist criteria have been fulfilled and the conclusions are likely or very likely to alter.
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3.1 Risk of Bias

Included studies were assessed for risk of bias. Eleven studies were assessed to have
considerable risk of bias (Bronas et al., 2019; Da Ronch et al., 2015; Falck et al., 2017b;
Hamer and Stamatakis, 2014; Kesse-Guyot et al., 2012; Nemoto et al., 2018; Steinberg et
al., 2015; Vance et al., 2005; Wanigatunga et al., 2018; Zlatar et al., 2014, 2019). 40% of
included studies were subject to observable variable confounding (Bronas et al., 2019;
Falck et al., 2017b; Ku et al., 2017; Steinberg et al., 2015; Vance et al., 2005;
Wanigatunga et al., 2018; Zlatar et al., 2014) and all studies were subject to some residual
confounding. All studies with self-reported measurement of sedentary exposure were
subject to some information bias (social desirability and reporting). More than 60% of
studies did not report recruitment and selection methods and mostly referred to original
study protocol for information (Da Ronch et al., 2015; Engeroff et al., 2018; Fancourt and
Steptoe, 2019; Garcia-Hermoso et al., 2018; Hamer and Stamatakis, 2014; Kesse-Guyot
et al., 2012; Kurita et al., 2018; Vance et al., 2005; Wanigatunga et al., 2018). Further,
seven studies reported missing outcome data through attrition or incomplete collection
(Bronas et al., 2019; Da Ronch et al., 2015; Hamer and Stamatakis, 2014; Kesse-Guyot et
al., 2012; Maasakkers et al., 2019; Steinberg et al., 2015; Wanigatunga et al., 2018).

3.2 Heterogeneity
We explored methodological and clinical heterogeneity by mapping study characteristics
such as sedentary behaviour definition, design and population characteristics across

mode of sedentary behaviour measure (fig. 2-3).

Sedentary behaviours were broadly divided into device-measured (N=6, (Engeroff et al.,
2018; Falck et al., 2017b; Ku et al., 2017; Wanigatunga et al., 2018; Zlatar et al., 2019,
2014)) and self-reported measured (N=12, (Bronas et al., 2019; Da Ronch et al., 2015;
Edwards and Loprinzi, 2017; Fancourt and Steptoe, 2019; Garcia-Hermoso et al., 2018;
Hamer and Stamatakis, 2014; Kesse-Guyot et al., 2012; Kurita et al., 2018; Maasakkers et
al., 2019; Steinberg et al., 2015; Vance et al., 2005; Volkers et al., 2011)). Device-
measured sedentary behaviours were obtained via hip-worn (N=5, (Engeroff et al., 2018;
Ku et al., 2017; Wanigatunga et al., 2018; Zlatar et al., 2019, 2014)) and wrist-worn (N=1,
(Falck et al., 2017b)) accelerometer. All accelerometer readings were monitored
continuously for seven days and data were only valid where minimum daily wear time was
ten hours. However, acceptable wear time per week varied between three to five days per
week. Self-reported sedentary behaviour levels were broadly categorised into those
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measured using non-validated (N=5, (Da Ronch et al., 2015; Edwards and Loprinzi, 2017;
Fancourt and Steptoe, 2019; Hamer and Stamatakis, 2014; Nemoto et al., 2018)) and
widely used validated questionnaires (N=6, Global Physical Activity Questionnaire (GPAQ)
(Garcia-Hermoso et al., 2018), Modifiable Activity Questionnaire (MAQ) (Kesse-Guyot et
al., 2012), International Physical Activity Questionnaire (IPAQ) (Kurita et al., 2018), The
Community Health Activity Program for Seniors (CHAMPS) (Steinberg et al., 2015),
Sedentary Behaviour Questionnaire (SBQ) (Bronas et al., 2019) and Physical Activity
Questionnaire (PAQ) (Vance et al., 2005). One study reported multiple measures of
sedentary behaviour which included various self-reported and accelerometer-derived

measures.

Non-validated, self-reported questionnaires measured sedentary behaviour participation in
terms of hours per day in past week (N=3, (Da Ronch et al., 2015; Hamer and Stamatakis,
2014; Nemoto et al., 2018)); and average hours per day (N=1, (Fancourt and Steptoe,
2019)); time spent in SB over thirty days (N=1, (Edwards and Loprinzi, 2017)). There was
heterogeneity in country of study: America (N=9), Europe (N=3), Japan (N=3), Taiwan
(N=1), UK (N=2). The number of studies varied in terms of study design, duration of
follow-up and outcome estimates reported (Figure 3). Studies with device-measured

sedentary behaviours reported fewer positive associations (N=1,(Zlatar et al., 2014)).

Ten studies controlled for physical activity in at least one of the regressions models
reported (Da Ronch et al., 2015; Edwards and Loprinzi, 2017; Fancourt and Steptoe,
2019; Hamer and Stamatakis, 2014; Kesse-Guyot et al., 2012; Ku et al., 2017; Kurita et
al., 2018; Maasakkers et al., 2019; Zlatar et al., 2019, 2014). 4/10 studies controlled for
device-measured physical activity: 150+ minutes/week of moderate to vigorous physical
activity (Ku et al., 2017), hours/day of MVPA (Maasakkers et al., 2019) and accelerometer
measured physical activity (Zlatar et al., 2019, 2014) (light< 1952 counts/min, moderate
1952-5725 counts/min, vigorous>5725 counts/min). 6/10 studies controlled for self-
reported measured physical activity (Da Ronch et al., 2015; Edwards and Loprinzi, 2017;
Fancourt and Steptoe, 2019; Hamer and Stamatakis, 2014; Kesse-Guyot et al., 2012;
Kurita et al., 2018). Three of the aforementioned studies measured physical activity by
validated questionnaires namely International Physical Activity Questionnaire (Da Ronch
et al., 2015; Kurita et al., 2018) and Modifiable Activity Questionnaire (Kesse-Guyot et al.,

2012), while the rest used non-validated self-reported questionnaires.
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Fig 2: Heterogeneity: Diversity in sedentary behaviour definition categorized by mode of SB measure

(N=18)

Sedentary behaviour (SB) definition

340
341

342
343
344

345

346
347
348
349
350
351
352
353
354
355
356
357
358

Device-measured SB (N=6)

Self-reported measured SB (N=12)

Wrist worn accelerometer

Falck 2017: Time spent in sedentary
behaviour (<1.5MET): average daily
time spent in SB; average % day spent
in SB; Average 10+ and 30+ minutes
bout of SB / day; Measured with uni-
axial wrist worn accelerometer
(Motion-Watch 8)

359
360
361

362
363
364
365

Hip / waist worn accelerometer

Ku 2017: 7 days continuous monitoring
of SB using tri-axial ActiGraph
accelerometer (GT3x+). Minimum of
10H of monitoring over a minimum of 5
days for data inclusion.

Wanigatunga 2018: 7 days continuous
monitoring of sedentary levels using tri-
axial ActiGraph accelerometer
(GT3x). Data included if >=10H/day for
minimum of 3 days/week. Sedentary:
<=100counts per minute (cpm)

Engeroff 2018: 7 days continuous
monitoring of sedentary levels using
ActiGraph accelerometer (GT1M).
Data included if minimum of 4 days and
10 /day wear time.

Zlatar 2014 & 2019: 7 days continuous
monitoring with ActiGraph
accelerometer (GT1M). Data was valid
if monitor was worn for minimum of 3of
7days and 10H / day.

Validated questionnaires

Bronas 2019: Sedentary Behaviour
Questionnaire

Garcia-Hermoso 2018: Global Physical Activity
Questionnaire (GPAQ) administered via face to
face interview to assess total time spent in SB

Kesse-Guyot 2012: Self-reported SB using
French version of Modifiable Activity
Questionnaire (MAQ)

Kurita 2018: Self-reported time spent sitting on an
average weekday using the International
Physical Activity Questionnaire (IPAQ).

Steinberg 2015: The Community Health
Activity Program for Seniors (CHAMPS)
questionnaire used to assess weekly frequency
and duration of SB.

Vance 2005: Self-reported hours per day sitting,
lying down and sleeping using Physical Activity
Questionnaire (PAQ).

Non-validated questionnaire

Nemoto 2018: Self-reported TV viewing, reading
books or newspapers over past seven days.

Da Ronch 2015: Self-reported time spent
watching TV in past week.

Edwards 2017: Self-reported time in daily sitting
and watching TV/videos; using computer outside
of work over past 30 days.

Fancourt 2019: Self-reported average hours of
TV watching per day.

Hamer 2014: Self-reported ours of TV watching
per day in past week. Asked if participants had
used a computer for internet/email and read a
daily newspaper.

Maasakkers 2019: Self-reported TV, sitting time/
weekend or weekday
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Fig 3: Heterogeneity: Diversity in study design, methods and characteristics categorized by mode of SB measure

Sedentary behaviour (SB)
definition (N=18)

Device-measured

Self-reported SB (N=12)

SB (N=6)
USA/Americas (n=4) Country USA / America (n=5)
Japan (n=1) Europe (n=3)

Taiwan (n=1)

Japan (n=2)
UK (=2)

Study design
Cross-sectional (5)

Longitudinal (1)

Cross-sectional (n=8)

Longitudinal (n=4)

<=5 years (n=1) Duration of follow-up

<=5 years (n=1)

6-10 years (n=3)

Regression models
Controlled for PA (n=3)

No PA in regression (n=3)

Controlled for PA (n=7)

No PA in regression (n=5)

Effect Estimate
Beta coefficient (n=4)

Correlation co-efficient (n=2)

Beta co-efficient (n=8)
Mean Deviation (n=1)
Odds Ratio (n=2)

Correlation co-efficient (n=1)

Sedentary behaviour (SB); Physical activity (PA); United Kingdom (UK)
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3.3 Associations between sedentary behaviours and cognition

Fourteen studies examined associations between cognition and sedentary behaviours (Da
Ronch et al., 2015; Edwards and Loprinzi, 2018; Falck et al., 2017b; Fancourt and
Steptoe, 2019; Garcia-Hermoso et al., 2018; Hamer and Stamatakis, 2014; Kesse-Guyot
et al., 2012; Ku et al., 2017; Kurita et al., 2018; Maasakkers et al., 2019; Nemoto et al.,
2018; Steinberg et al., 2015; Vance et al., 2005; Wanigatunga et al., 2018). Risk of bias
was present (-) in 8/14 studies (Da Ronch et al., 2015; Falck et al., 2017b; Hamer and
Stamatakis, 2014; Kesse-Guyot et al., 2012; Nemoto et al., 2018; Steinberg et al., 2015;
Vance et al., 2005; Wanigatunga et al., 2018) such that it would have compromised or
altered reported findings (Appendix A). Television viewing was consistently reported as
been associated with poorer cognitive function (Da Ronch et al., 2015; Fancourt and
Steptoe, 2019; Hamer and Stamatakis, 2014). Although Fancourt et al (Fancourt and
Steptoe, 2019), found negative association between television viewing and verbal memory
(B=-0.13, 95%CI:-0.2,-0.06, P<0.001), the same study found no association with semantic
fluency (B=-0.13 95%Cl:-0.27,-0.02, P=0.082).

7/14 and 3/14 studies reported either negative (Da Ronch et al., 2015; Edwards and
Loprinzi, 2017; Falck et al., 2017b; Garcia-Hermoso et al., 2018; Ku et al., 2017; Steinberg
et al., 2015; Wanigatunga et al., 2018) or positive (Kesse-Guyot et al., 2012; Kurita et al.,
2018; Vance et al., 2005) associations between sedentary behaviours and cognitive
function respectively. Three reported both positive and negative associations (Fancourt
and Steptoe, 2019; Hamer and Stamatakis, 2014; Nemoto et al., 2018). 1/14 studies,
which analysed data from 10,450 older adults without dementia reported no cross-
sectional and longitudinal association between total sedentary time and lower global
cognition (P>0.05) (Maasakkers et al., 2019).

6/7 studies, which reported negative associations were statistically significant in highest
levels of sedentary activities only (Edwards and Loprinzi, 2017; Garcia-Hermoso et al.,
2018; Ku et al., 2017; Wanigatunga et al., 2018) or when regression models were
uncontrolled for physical activity (Falck et al., 2017b; Steinberg et al., 2015). For instance,
in Edwards’ study, over five hours of sedentary behaviour was associated with Digital
Symbol Substitution test (DSST) scores (B=-3.1, 95%CI: -5.8, -0.4, P=0.02) in a model
uncontrolled for physical activity (PA). When adjusted for PA, the estimate was attenuated
with reduced significance (B=-2.5; 95%CI: -5.1-0.2; P=0.07).
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While Falck and colleagues (2017) reported significant associations between higher
sedentary bout length (+30mins/day) and poorer cognition (B=0.061, P=0.016),
Wanigatunga et al study (2018) found no association with prolonged sedentary bouts: +30,
+60mins/day (unstandardized B=-2.03; SE: 0.85). One study (Falck et al., 2017b) explored
the influence of Mild Cognitive Impairment (MCI) status on negative associations found
between sedentary time and cognition. They reported that MCI status did not differentiate
associations between sedentary behaviour and cognitive function. Positive associations
were mainly reported in studies with exposure to reading (Nemoto et al., 2018), computer
(Kesse-Guyot et al., 2012), internet use (Hamer and Stamatakis, 2014), and cognitive
activities performed in sitting (Kurita et al., 2018). Vance et al reported positive association
between total time spent in sedentary behaviours and visual memory and attention
(B=0.16, P>0.05).

3.4 Possible mechanisms underlying associations

Four human studies explored potential mechanisms (Bronas et al., 2019; Engeroff et al.,
2018; Zlatar et al., 2019, 2014). Three studies (Bronas et al., 2019; Zlatar et al., 2019,
2014) reported cross-sectional analyses of existing healthy /normal ageing studies, while
Engeroff and colleagues(18, N=50) analysed baseline data from a randomised controlled
trial. Zlatar and colleagues investigated the role of Apolipo-protein-E carriers, a genetic
risk for developing AD in the relationship between hippocampal cerebral blood flow
(mL/100g tissue/min) and device-measured sedentary levels (Zlatar et al., 2014). Average
sedentary time among the participants was eight hours /day. They found that left
hippocampal cerebral blood flow increased with prolonged sedentary levels in
Apolipoprotein-E-carriers (APOE) (B=0.74, p = .002) compared with non-APOE carriers
(B=0.096, P=0.61). However, the study did not reveal any association between cerebral

blood flow and memory performance.

In @ more recent study, Zlatar and colleagues explored the dose-response relationship
between accelerometer measured sedentary time on frontal and medial temporal cerebral
flow and its associations with cognitive function in older persons(Zlatar et al., 2019).
Average sedentary time among participants was nine hours /day. The study demonstrated
negative associations between average daily sedentary time and cerebral blood flow in
right anterior middle frontal gyrus (B=-0.10, SE=0.02, P<0.01); left and right paracentral
lobule (B=-0.08, SE=0.03, P<0.01); and right posterior middle frontal gyrus (B=-0.11,
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SE=0.02, P<0.01). In a similar fashion with their previous study, there were no correlations

between sedentary time, cerebral blood flow and executive or memory function.

Bronas and colleagues investigated the role of estimated Glomeruli Filtration Rate (eGFR)
in the relationship between sedentary time and White Matter Hyperintensity (WMH) in
older adults without dementia and chronic kidney disease. Average sedentary time in
participants was 64.7 hours per week. Both unadjusted (b=0.012, 95%CI: .004-.020,
P=0.002) and adjusted models (b=0.013, 95%CI: .006-0.02, P<0.001) showed that higher
total sedentary time was associated with larger WMH volumes (Bronas et al., 2019).
Engeroff and associates reported associations between brain plasticity outcomes including
brain derived neurotrophic factors (BDNF), magnetic resonance spectroscopy (MRS)-
based markers, and hippocampal volume (Engeroff et al., 2018). Average sedentary time
in participants was ten hours / day. Negative associations (r=-0.347, P<0.05) were
reported between time spent in sedentariness measured as activity count of less than 100
/ minute and BDNF in healthy older adults. Brain metabolism measured by
glycerophosphocholine to phosphocreatine (GPc/PCr) and adenosine triphosphate to
phosphocreatine (ATP/PCr) ratios were not related to sedentary levels (<100
counts/minute). Finally, hippocampal volume, measured as ratio to total intracranial

volume was also not related to sedentariness (<100 counts/minute)(Engeroff et al., 2018).

4  Discussion

Contrary to findings in a systematic review by Falck and colleagues, which suggested that
sedentary behaviours were associated with lower cognitive performance in adults 40 years
and over, our review found varied and inconclusive evidence on the direction of
associations between sedentary behaviours and cognitive function in older adults (Falck et
al., 2017a). Falck and colleagues included eight studies, while this review evaluated
eighteen studies, including four studies from Falck et al review. Like our review, Falck and
colleagues included studies with any measured sedentary behaviour including validated
and non-validated self-reported instruments and accelerometer assessed. Their review
included all adult participants, 40 years and over including those living with dementia and
cognitive problems. Our study focused on the older population and excluded people living
with dementia. Unlike Falck et al study, we explored possible physiological mechanism to
explain associations between cognition and sedentary behaviours.
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We did not find any intervention study that met our review’s pre-specified criteria. We were
unable to conduct a meta-analysis to determine the magnitude of association due to
significant heterogeneity among studies. Studies varied considerably in terms of design,
exposure, outcome, and effect estimate measures. There was also significant risk of bias
in studies reviewed notably selection, information, confounding, report and social
desirability biases. For example, Hamer et al (Hamer and Stamatakis, 2014 ) reported 10%
attrition rate and significant missing data. As a result, effect size reported may have been
overestimated because analyses were performed on residual data of younger and more
active participants. Studies were predominantly cross sectional; hence results were
subject to reverse-causality. Associations between television viewing and poorer cognitive
levels were consistently reported in both longitudinal and cross-sectional study analyses
(Da Ronch et al., 2015; Fancourt and Steptoe, 2019; Hamer and Stamatakis, 2014).
However, Nemoto et al study (Nemoto et al., 2018) results were not statistically significant
(OR 1.09; CI: 0.9, 1.32, P=0.36) due to the under-representation of older Japanese
participants that watched television. Although, Fancourt et al (Fancourt and Steptoe, 2019)
reported some association between TV watching and verbal memory, there was no
relation with semantic fluency. Half of the studies reviewed did not adjust for physical

activity in their regression models.

Our findings indicate a possible influence of physical activity on the inverse relationships
between sedentary behaviour and cognitive function reported in some of the studies
reviewed. 4/7 studies, which reported negative regression /correlation co-efficient
estimates and controlled for physical activity in their analyses were only statistically
significant in highest sedentary levels ranging from 4-11 hours/ day (Edwards and
Loprinzi, 2017; Garcia-Hermoso et al., 2018; Ku et al., 2017; Wanigatunga et al., 2018).
However, one of these studies were subject to some confounding and attrition bias
(Wanigatunga et al., 2018). Wanigatunga and colleagues reported statistically significant
associations between device-measured sedentary levels and working memory only in
participants engaged in high percentage sedentary time (>=1-min bout:167-511 minutes /
day) not in low (29-249 minutes/day) or medium (123-306 minutes/day) percentage
sedentary time (Wanigatunga et al., 2018). Further, 2/7 studies with negative regression
co-efficient estimates reported models, which did not control for physical activity (Falck et
al., 2017b; Steinberg et al., 2015). The remaining study (1/7), which reported negative

regression estimates and controlled for physical activity limited its category of television
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viewing to a maximum value of 3H or more. This may have limited power of analyses by

not accurately reflecting true extent of sedentary behaviour (Da Ronch et al., 2015).

Studies have mooted that sedentary activities (reading, computer, puzzle) through
cognitive stimulation may contribute positively to cognitive health (Kesse-Guyot et al.,
2012; Kurita et al., 2018; Nemoto et al., 2018). While the present review found some
evidence to support this assertion, the studies included all assumed that the behaviours
were performed in passive positions such as sitting or recline and did not explain the
context surrounding these behaviours. For example, reading, internet and computer use
may be performed in standing, which may result in over-estimation of effect confounded
by light to moderate physical activity level (Palmer et al., 2019). Further, studies that
explored this concept of sedentary cognitive activities have involved participants who were
wealthy, healthy, highly active thereby subjecting results to further bias. For example, 46%
of participants in Nemoto et al study had participated in over 150 minutes per week of
moderate-to-vigorous exercise (Nemoto et al., 2018). Only 6.4% of participants in a
separate study with similar findings had any form of cognitive impairment (Kurita et al.,
2018). Perhaps, older adults that participate in these types of activities can tolerate higher
cognitive demand /loading and therefore have better cognitive ability. While this concept is

interesting, it needs further exploration.

The largest study (N=10,450) to date to have investigated the relationship between
sedentary behaviour and cognitive function in a secondary analyses of five cohorts and
included in our review, neither found a cross-sectional nor longitudinal association
between total sedentary time and global cognition in older people (Maasakkers et al.,
2019). However, one of the cohorts analysed in this study showed positive association
(B=0.118, P<0.001), which was strongest in older people who participated in high physical
activity.

4.1 Possible Mechanisms

Voss et al (Voss et al., 2014) postulated mechanisms responsible for the associations
between sedentary behaviours and cognition could occur at the cellular and systemic
level. These include hippocampal neurogenesis; modulation of endogenous growth
factors, vascular, neuro-endocrine and inflammation (oxidative stress). Engeroff and
associates (Engeroff et al., 2018) indicated negative association between brain derived
neurotrophic factor (BDNF) and sedentary level. However, this study did not find any

association with brain volume. Conversely, a recent cross-sectional analysis found that
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higher sedentary time was associated with greater White Matter Hyperintensity volume,
biomarker associated with increased risk of cognitive decline (Bronas et al., 2019).
Similarly a separate study (Siddarth et al., 2018) demonstrated some association between
hours of sitting per day and total medial temporal lobe thickness in a mixed population of

middle aged and older adults.

In a similar mechanism to physical activity, sedentary behaviours, may influence
cerebrovascular remodelling through angiogenesis or further adaptations of the arterial
vasculature(Voss et al., 2014). Physical activity exerts an auto regulatory influence on
global cerebral blood flow (CBF) by keeping it constant (Hoffman et al., 1981; Ogoh and
Ainslie, 2009). Zlatar et al study found a similar auto-regulatory effect of prolonged
sedentariness on left hippocampal CBF in Apolipoprotein-E carriers, a risk factor for
Alzheimer’s disease (Zlatar et al., 2014). In a separate and recent study, Zlatar and
colleagues demonstrated a dose-response relationship between sedentary time and

cerebral blood flow in the lateral and medial frontal lobes (Zlatar et al., 2019).

A limitation of this review is that 11/18 studies had considerable risk of bias, with the
possibility of incorrect estimation of true effects / association. However, this does not
entirely mean that studies were poorly conducted and low in overall quality. For instance,
15/18 studies were secondary analyses of existing data / studies and it may have been
impractical for the authors to mitigate against biases such as selection, missing data and
unmeasured residual confounding. This review focuses on studies published in English.
Two studies reported secondary analyses of data collected from different waves (two and
six-year follow up) of the English Longitudinal Study of Ageing and possibly reported
duplicate data on participants (Fancourt and Steptoe, 2019; Hamer and Stamatakis,
2014). An included study may have measured sleeping time along with other sedentary
behaviours as this was included in the Physical Activity Questionnaire used (Vance et al.,
2005). Although this study was aimed at the older adult population (65+ years) and
reported mean age across studies was 65+ years, the actual range of participants may
have included data on middle age adults (50+) in some of the analyses. A further limitation
is that 12/18 studies self-reported sedentary behaviours using validated and non-validate
outcome measures. This is because majority of survey / cohort studies use self-report as a
measurement of sedentary behaviour (Harvey et al., 2013). There is evidence that self-
reported sedentary behaviours are often under-estimated in older adults (Harvey et al.,

2015). However, self-reported measures may be important to understanding the contexts
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surrounding sedentary behaviours. To our knowledge, this is the first systematic review to

investigate this topic specifically in the older adult population. This review explores design

heterogeneity and possible mechanism that may underlie associations between sedentary

behaviour and cognitive function in older adults.
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5 Conclusion

In an increasingly ageing population with barriers to accessing physical activity and
increasing sedentary levels, displacing sedentary behaviour might be a complementary
strategy towards better cognitive health in the older population. Although, our review found
some evidence of varied associations between sedentary behaviours and cognitive
function in older adults, there isn’t conclusive evidence for the overall direction of
relationship independent of physical activity. Our review found evidence of the moderating
or attenuating effects of physical activity on the associations found between sedentary
behaviours and cognition in older adults. Selected studies had design limitations and

considerable risk of bias.

Like physical activity, sedentary behaviours appeared to elicit cerebral auto-regulatory
effect by increasing blood flow in parts of the hippocampus in Apolipoprotein-E-carriers, a
risk factor for developing Alzheimer’s disease. Conversely, higher sedentary time was
associated with deficient bio-marker levels sometimes associated with poorer brain health
such as reduced cerebral blood flow in the frontal lobe, reduced brain derived neurotrophic
factors, and greater White Matter Hyperintensity volume. Our findings do not support

targeting sedentary behaviours in order to promote cognitive health in older people.

5.1 Future study implication

Future research should aim to address gaps including, underlying bio-mechanism, dose-
response, and long-term associations. Intervention studies with robust designs are needed
to ascertain true effect of sedentary behaviour on cognition. Longitudinal studies are
desirable, but more should include device-measured sedentary time and properly control
for physical activity among other co-variates in their regression analyses. While device-
measured sedentary behaviour is highly desirable, self-reported measures should not be
entirely excluded from future studies and should be used as adjunct to device-measures in
order to understand the context around the exposure. Missing data from attrition and
unavailable data should also be accounted and controlled for in regression analyses.
Future reviews need to explore both animal and human studies to further understand
potential mechanisms that may explain the role of sedentary behaviour on cognitive
health. Finally, some consistency is needed among researchers in this field to standardise

measures of exposure and outcomes used in future studies, starting with adopting the
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consensus paper on sedentary behaviours definitions by the Sedentary Behaviour

Research Network(Tremblay et al., 2017).

6 Declaration

6.1 Compliance with ethical standards

Not applicable. Systematic review.

6.2 Funding

This review was supported by the Cambridgeshire and Peterborough NHS Foundation
Trust.

6.3 Conflict of Interest

The authors declare that they have no competing interests.

6.4 Ethical approval
Not applicable

6.5 Informed consent

Not applicable

7 Reference

Biswas, A., Alter, D.A., 2015. Sedentary Time and Risk for Mortality. Ann. Intern. Med.
https://doi.org/10.7326/L15-5060-2

Bronas, U.G., Steffen, A., Dion, C., Boots, E.A., Arfanakis, K., Marquez, D.X., 2019.
Sedentary Time and White Matter Hyperintensity Volume in Older Adults. Med. Sci.
Sports Exerc. 51, 1613—1618.
https://doi.org/http://dx.doi.org/10.1249/MSS.0000000000001957

Cuki¢, 1., Shaw, R., Der, G., Chastin, S.F.M.M., Dontje, M.L., Gill, J.M.R.R., Starr, J.M.,
Skelton, D.A., Radakovi¢, R., Cox, S.R., Dall, P.M., Gale, C.R., Deary, 1.J., 2018.

Cognitive ability does not predict objectively measured sedentary behavior: Evidence

24



660
661

662
663
664
665
666

667
668
669
670

671
672
673
674

675
676
677

678
679
680

681
682
683
684
685

686
687
688

689
690

Sedentary and cognition in older people

from three older cohorts. Psychol. Aging 33, 288-296.
https://doi.org/10.1037/pag0000221

Da Ronch, C., Canuto, A., Volkert, J., Massarenti, S., Weber, K., Dehoust, M.C., Nanni,
M.G., Andreas, S., Sehner, S., Schulz, H., Harter, M., Grassi, L., 2015. Association of
television viewing with mental health and mild cognitive impairment in the elderly in
three European countries, data from the MentDis_ICF65+ project. Ment. Health Phys.
Act. 8, 8-14. https://doi.org/10.1016/j.mhpa.2014.11.002

Daskalopoulou, C., Stubbs, B., Kralj, C., Koukounari, A., Prince, M., Prina, A.M., 2017.
Physical activity and healthy ageing: A systematic review and meta-analysis of
longitudinal cohort studies. Ageing Res. Rev. 38, 6-17.
https://doi.org/10.1016/j.arr.2017.06.003

Dekkers, O.M., Vandenbroucke, J.P., Cevallos, M., Renehan, A.G., Altman, D.G., Egger,
M., 2019. COSMOS-E: Guidance on conducting systematic reviews and meta-
analyses of observational studies of etiology. PLoS Med. 16, e1002742.
https://doi.org/10.1371/journal.pmed.1002742

Edwards, M.K., Loprinzi, P.D., 2018. Effects of a Sedentary Intervention on Cognitive
Function. Am. J. Heal. Promot. 32, 595-605.
https://doi.org/10.1177/0890117116688692

Edwards, M.K., Loprinzi, P.D., 2017. The Association Between Sedentary Behavior and
Cognitive Function Among Older Adults May Be Attenuated With Adequate Physical
Activity. J Phys Act Heal. 14, 52-58. https://doi.org/10.1123/jpah.2016-0313

Engeroff, T., Fuzeki, E., Vogt, L., Fleckenstein, J., Schwarz, S., Matura, S., Pilatus, U.,
Deichmann, R., Hellweg, R., Pantel, J., Banzer, W., 2018. Is Objectively Assessed
Sedentary Behavior, Physical Activity and Cardiorespiratory Fitness Linked to Brain
Plasticity Outcomes in Old Age? Neuroscience 388, 384-392.
https://doi.org/http://dx.doi.org/10.1016/j.neuroscience.2018.07.050

Falck, R.S., Davis, J.C., Liu-Ambrose, T., 2017a. What is the association between
sedentary behaviour and cognitive function? A systematic review. Br J Sport. Med 51,
800-811. https://doi.org/10.1136/bjsports-2015-095551

Falck, R.S., Landry, G.J., Best, J.R., Davis, J.C., Chiu, B.K., Liu-Ambrose, T., 2017b.
Cross-Sectional Relationships of Physical Activity and Sedentary Behavior With
25



691
692

693
694
695

696
697
698
699

700
701
702
703

704
705
706

707
708
709

710
711
712

713
714
715

716
"7
718
719

720
721

Sedentary and cognition in older people

Cognitive Function in Older Adults With Probable Mild Cognitive Impairment. Phys
Ther 97, 975-984. https://doi.org/10.1093/ptj/pzx074

Fancourt, D., Steptoe, A., 2019. Television viewing and cognitive decline in older age:
findings from the English Longitudinal Study of Ageing. Sci. Rep. 9, 2851.
https://doi.org/10.1038/s41598-019-39354-4

Fleig, L., McAllister, M.M., Brasher, P., Cook, W.L., Guy, P., Puyat, J.H., Khan, K.M.,
McKay, H.A., Ashe, M.C., 2016. Sedentary Behavior and Physical Activity Patterns in
Older Adults After Hip Fracture: A Call to Action. J Aging Phys Act 24, 79-84.
https://doi.org/10.1123/japa.2015-0013

Garcia-Hermoso, A., Ramirez-Velez, R., Celis-Morales, C.A., Olloquequi, J., lzquierdo M.,
2018. Can physical activity attenuate the negative association between sitting time
and cognitive function among older adults? A mediation analysis. Exp. Gerontol. 106,
173-177. https://doi.org/http://dx.doi.org/10.1016/j.exger.2018.03.002

Hamer, M., Stamatakis, E., 2014. Prospective study of sedentary behavior, risk of
depression, and cognitive impairment. Med Sci Sport. Exerc 46, 718—723.
https://doi.org/10.1249/mss.0000000000000156

Harvey, J.A., Chastin, S.F., Skelton, D.A., 2013. Prevalence of sedentary behavior in older
adults: a systematic review. Int J Env. Res Public Heal. 10, 6645-6661.
https://doi.org/10.3390/ijerph10126645

Harvey, J.A., Chastin, S.F.M., Skelton, D.A., 2015. How sedentary are older people? A
systematic review of the amount of sedentary behavior. J. Aging Phys. Act.
https://doi.org/10.1123/japa.2014-0164

Hoffman, W.E., Albrecht, R.F., Miletich, D.J., 1981. The influence of aging and
hypertension on cerebral autoregulation. Brain Res. 214, 196—199.
https://doi.org/https://doi.org/10.1016/0006-8993(81)90454-6

Kesse-Guyot, E., Charreire, H., Andreeva, V.A., Touvier, M., Hercberg, S., Galan, P.,
Oppert, J.M., 2012. Cross-sectional and longitudinal associations of different
sedentary behaviors with cognitive performance in older adults. PLoS One 7, e47831.
https://doi.org/10.1371/journal.pone.0047831

Ku, P.-W., Steptoe, A., Liao, Y., Hsueh, M.-C., Chen, L.-J., 2018. A cut-off of daily

sedentary time and all-cause mortality in adults: a meta-regression analysis involving
26



722
723

724
725
726
727

728
729
730
731

732
733
734
735
736
737
738

739
740
741
742
743

744

745
746
747

748
749
750

751
752

Sedentary and cognition in older people

more than 1 million participants. BMC Med. 16, 74. https://doi.org/10.1186/s12916-
018-1062-2

Ku, P.W., Liu, Y.T., Lo, M.K,, Chen, L.J., Stubbs, B., 2017. Higher levels of objectively
measured sedentary behavior is associated with worse cognitive ability: Two-year
follow-up study in community-dwelling older adults. Exp. Gerontol. 99, 110-114.
https://doi.org/http://dx.doi.org/10.1016/j.exger.2017.09.014

Kurita, S., Doi, T., Tsutsumimoto, K., Hotta, R., Nakakubo, S., Kim, M., Shimada, H., 2018.
Cognitive activity in a sitting position is protectively associated with cognitive
impairment among older adults. Geriatr. Gerontol. Int.
https://doi.org/http://dx.doi.org/10.1111/9Qgi. 13532

Maasakkers, C.M., Claassen, J.A.H.R., Gardiner, P.A., Olde Rikkert, M.G.M., Lipnicki,
D.M., Scarmeas, N., Dardiotis, E., Yannakoulia, M., Anstey, K.J., Cherbuin, N., Haan,
M.N., Kumagai, S., Narazaki, K., Chen, T., Nguyen, T.P., Gao, Q., Nyunt, M.,
Crawford, J.D., Kochan, N.A., Makkar, S., Sachdev, P.S., Thijssen, D.H.J., Melis, R.,
2019. The Association of Sedentary Behaviour and Cognitive Function in People
Without Dementia: A Coordinated Analysis Across Five Cohort Studies from
COSMIC. Sports Med. https://doi.org/http://dx.doi.org/10.1007/s40279-019-01186-7

Nemoto, Y., Sato, S., Takahashi, M., Takeda, N., Matsushita, M., Kitabatake, Y., Maruo,
K., Arao, T., 2018. The association of single and combined factors of sedentary
behavior and physical activity with subjective cognitive complaints among community-
dwelling older adults: Cross-sectional study. PLoS One 13, e0195384.
https://doi.org/10.1371/journal.pone.0195384

NICE, 2014. Developing NICE guidelines: the manual, Process and methods guides.

Norton, S., Matthews, F.E., Barnes, D.E., Yaffe, K., Brayne, C., 2014. Potential for primary
prevention of Alzheimer’s disease: an analysis of population-based data. Lancet
Neurol 13, 788—794. https://doi.org/10.1016/s1474-4422(14)70136-x

Ogoh, S., Ainslie, P.N., 2009. Cerebral blood flow during exercise: mechanisms of
regulation. J. Appl. Physiol. 107, 1370-1380.
https://doi.org/10.1152/japplphysiol.00573.2009

Olanrewaju, O., Kelly, S., Cowan, A., Brayne, C., Lafortune, L., 2016. Physical activity in
community dwelling older people: A systematic review of reviews of interventions and
27



Sedentary and cognition in older people

753 context. PLoS One 11. https://doi.org/10.1371/journal.pone.0168614

754  Palmer, V.J., Gray, C.M., Fitzsimons, C.F., Mutrie, N., Wyke, S., Deary, 1.J., Der, G.,

755 Chastin, S.F.M., Skelton, D.A., 2019. What Do Older People Do When Sitting and
756 Why? Implications for Decreasing Sedentary Behavior. Gerontologist 59, 686—697.
757 https://doi.org/10.1093/geront/gny020

758 Piercy, K.L., Troiano, R.P., Ballard, R.M., Carlson, S.A., Fulton, J.E., Galuska, D.A.,
759 George, S.M., Olson, R.D., 2018. The Physical Activity Guidelines for Americans.
760 JAMA 320, 2020-2028. https://doi.org/10.1001/jama.2018.14854

761  Siddarth, P., Burggren, A.C., Eyre, H.A., Small, G.W., Merrill, D.A., 2018. Sedentary
762 behavior associated with reduced medial temporal lobe thickness in middle-aged and
763 older adults. PLoS One 13, e0195549. https://doi.org/10.1371/journal.pone.0195549

764  Steinberg, S.l., Sammel, M.D., Harel, B.T., Schembri, A., Policastro, C., Bogner, H.R.,

765 Negash, S., Arnold, S.E., 2015. Exercise, sedentary pastimes, and cognitive
766 performance in healthy older adults. Am J Alzheimers Dis Other Demen 30, 290-298.
767 https://doi.org/10.1177/1533317514545615

768  Tremblay, M.S., Aubert, S., Barnes, J.D., Saunders, T.J., Carson, V., Latimer-Cheung,

769 A.E., Chastin, S.F.M., Altenburg, T.M., Chinapaw, M.J.M., 2017. Sedentary Behavior
770 Research Network (SBRN) - Terminology Consensus Project process and outcome.
771 Int J Behav Nutr Phys Act 14, 75. https://doi.org/10.1186/s12966-017-0525-8

772 Vance, D.E., Wadley, V.G., Ball, K.K., Roenker, D.L., Rizzo, M., 2005. The Effects of
773 Physical Activity and Sedentary Behavior on Cognitive Health in Older Adults. J.
774 Aging Phys. Act. 13, 294-313.

775 Volkers, K.M., Scherder, E.J., KM., V., Volkers, K.M., Scherder, E.J., 2011. The effect of

776 regular walks on various health aspects in older people with dementia: protocol of a
777 randomized-controlled trial. BMC Geriatr. 11 CC-, 38. https://doi.org/10.1186/1471-
778 2318-11-38

779 Voss, M\W., Carr, L.J., Clark, R., Weng, T., 2014. Revenge of the “sit” Il: Does lifestyle

780 impact neuronal and cognitive health through distinct mechanisms associated with
781 sedentary behavior and physical activity? Ment. Health Phys. Act. 7, 9-24.
782 https://doi.org/10.1016/j.mhpa.2014.01.001

783  Wanigatunga, A.A., Manini, T.M., Cook, D.R., Katula, J., Fielding, R.A., Kramer, A.F.,
28



784
785
786
787
788

789
790
791
792

793
794
795

796

797

798

799

800

801

802

803

804

805

806

807

808

809

810

Sedentary and cognition in older people

Verghese, J., Rapp, S.R., Sink, K.M., King, A.C., Buford, T.W., Anton, S., Nadkarni,
N., Jennings, J.M., Reid, K., Espeland, M.A., Gill, T.M., Pahor, M., Nocera, J.R., 2018.
Community-Based Activity and Sedentary Patterns Are Associated With Cognitive
Performance in Mobility-Limited Older Adults. Front. Aging Neurosci. 10, 341.
https://doi.org/10.3389/fnagi.2018.00341

Zlatar, Z.Z., Hays, C.C., Mestre, Z., Campbell, L.M., Meloy, M.J., Bangen, K.J., Liu, T.T.,
Kerr, J., Wierenga, C.E., 2019. Dose-dependent association of accelerometer-
measured physical activity and sedentary time with brain perfusion in aging. Exp.
Gerontol. https://doi.org/10.1016/j.exger.2019.110679

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. J. Alzheimer’s Dis. 38, 809-817. https://doi.org/10.3233/JAD-132252

29



Sedentary and cognition in older people

811  Appendices

81 2 Appendix A: NICE Quality appraisal checklist: quantitative studies reporting correlations and associations

Study 11 (12 |13 | 21 (22 |23 |24 |25 |31 |32 |33 |34 |35|41 |42 | 43 | 44 | 51 5.2
v) | (EV)

Bronas 2019 + + ++ |+ ++ | NA | - ++ |+ + NA | NA [ NA | NR | ++ | ++ [ ++ | - ++
DaRonch 2015 ++ + ++ ++ ++ NA | + ++ ++ + NA NA | NA NR ++ ++ ++ - ++
Edwards 2017 ++ + ++ ++ ++ NA + ++ ++ ++ NA NA NA NR ++ ++ ++ + ++
Falck 2017 ++ ++ ++ + ++ NA + ++ ++ ++ NA NA NA NR ++ ++ ++ - ++
Fancourt 2019 ++ + + + ++ NA | + ++ ++ ++ NA NA | NA NR ++ ++ ++ + ++
Garcia-Hermoso 2018 | ++ + + ++ ++ NA | + - ++ ++ NA | NA | NA | NR | ++ ++ + + +
Hamer 2014 + + + + ++ NA | + ++ + + NA | NA | + NR | ++ ++ ++ - ++
Kesse-Guyot 2012 + + + + ++ NA | + ++ ++ + NA | NA | ++ NR | ++ ++ ++ - ++
Ku 2017 ++ ++ ++ ++ ++ NA | + + ++ ++ NA | NA | + ++ ++ ++ ++ + +
Kurita 2018 ++ + + + ++ NA | + ++ ++ ++ NA [ NA [ NA | NR | ++ ++ ++ + ++
Maasakkers 2019 ++ |+ + + ++ | NA | ++ | ++ | ++ | + NA | NA | NA | NR | ++ | ++ | ++ | + ++
Nemoto 2018 ++ |+ + - ++ | NA | + ++ | ++ | ++ | NA | NA | NA | NR | ++ | ++ | ++ | - +
Steinberg 2015 | A | A |+ ++ | NA | + ++ | ++ | ++ | NA | NA| NA | NR | + ++ |+ | - +
Vance 2005 ++ |+ + - ++ | NA | - ++ | ++ | ++ | NA | NA | NA | NR | ++ | ++ | + - +
Wanigatunga 2018 + + + + ++ NA | + ++ ++ | ++ NA | NA | NA | NR | ++ ++ + + +
Engeroff 2018 + + + + ++ NA + ++ ++ ++ NA NA NA NR ++ ++ ++ - ++
Zlatar 2014 ++ + + + ++ NA + ++ ++ ++ NA NA NA NR ++ ++ ++ - +
Zlatar 2019 ++ + + + ++ NA | + ++ ++ ++ NA NA | NA NR ++ ++ ++ - +

813 (++) All or most of the checklist criteria have been fulfilled, where they have not been fulfilled the conclusions are very unlikely to alter.

81 4 (+) Some of the checklist criteria have been fulfilled, where they have not been fulfilled, or not

815 adequately described, the conclusions are unlikely to alter.

816 (-) Few or no checklist criteria have been fulfilled and the conclusions are likely or very likely to alter.

817  internal Validity (IV); External Validity (EV); not reported (NR); not applicable (NA)
818
819
820
821
822
823
824
825
826
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Appendix B: Search Strategy
1. exp sedentary lifestyle/ or sedentary.mp.

2. sedentar*.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade
name, keyword, floating subheading word, candidate term word]

3. sedentary behaviour.mp. [mp-=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer,
device trade name, keyword, floating subheading word, candidate term word]

4. sedentary activity.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer,
device trade name, keyword, floating subheading word, candidate term word]

5. sedentary lifestyle.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer,
device trade name, keyword, floating subheading word, candidate term word]

6. sitting.mp. or sitting/
7. supine position.mp. or supine position/

8. recline.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade
name, keyword, floating subheading word, candidate term word]

9. television viewing.mp. or television/ or television viewing/

10. computer time.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device
trade name, keyword, floating subheading word, candidate term word]

11. desk bound.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device
trade name, keyword, floating subheading word, candidate term word]

12. physical inactivity.mp. or exp physical inactivity/

13. cogniti*.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade
name, keyword, floating subheading word, candidate term word]

14. cognitive function.mp. or exp cognition/

15. cognitive ability.mp.

16. memory test.mp. or memory test/

17. Neuropsychological test.mp. or neuropsychological test/
18. cognitive reserve.mp. or cognitive reserve/

19. biomarkers.mp. or biological marker/

20. biology/ or biology.mp.

21. neuropathology.mp. or neuropathology/

22. genetic.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade
name, keyword, floating subheading word, candidate term word]

23. mechanism.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device
trade name, keyword, floating subheading word, candidate term word]

24. old$.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade
name, keyword, floating subheading word, candidate term word]

25. older people.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device
trade name, keyword, floating subheading word, candidate term word]

26. ageing.mp. [mp-=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade
name, keyword, floating subheading word, candidate term word]

27. aging/ep [Epidemiology]

28. older adult.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device
trade name, keyword, floating subheading word, candidate term word]

29. older population.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer,
device trade name, keyword, floating subheading word, candidate term word]

30. seniors.mp. or elderly care/

31.10or2o0r3ord4or50r6or7or8or9or10or11or12
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32.130or14 or150r 16 0or 17 or 18 or 19 or 20 or 21 or 22 or 23
33. 24 or 25 or 26 or 27 or 28 or 29 or 30
34. 31 and 32 and 33

35. limit 34 to (English language and yr="1999 -Current" and (aged <65+ years>))
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