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Abstract
Background  Besides physical activity as a target for dementia prevention, sedentary behaviour is hypothesized to be a 
potential target in its own right. The rising number of persons with dementia and lack of any effective treatment highlight 
the urgency to better understand these modifiable risk factors. Therefore, we aimed to investigate whether higher levels of 
sedentary behaviour are associated with reduced global cognitive functioning and slower cognitive decline in older persons 
without dementia.
Methods  We used five population cohorts from Greece, Australia, USA, Japan, and Singapore (HELIAD, PATH, SALSA, 
SGS, and SLAS2) from the Cohort Studies of Memory in an International Consortium. In a coordinated analysis, we assessed 
the relationship between sedentary behaviour and global cognitive function with the use of linear mixed growth model 
analysis (mean follow-up range of 2.0–8.1 years).
Results  Baseline datasets combined 10,450 older adults without dementia with a mean age range between cohorts of 
66.7–75.1 years. After adjusting for multiple covariates, no cross-sectional association between sedentary behaviour and 
cognition was found in four studies. One association was detected where more sedentary behaviour was cross-sectionally 
linked to higher cognition levels (SLAS2, B = 0.118 (0.075; 0.160), P < 0.001). Longitudinally, there were no associations 
between baseline sedentary behaviour and cognitive decline (P > 0.05).
Conclusions  Overall, these results do not suggest an association between total sedentary time and lower global cognition 
in older persons without dementia at baseline or over time. We hypothesize that specific types of sedentary behaviour may 
differentially influence cognition which should be investigated further. For now, it is, however, too early to establish undif-
ferentiated sedentary time as a potential effective target for minimizing cognitive decline in older adults without dementia.
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Key Points 

In this study, the total time older adults spend sitting 
was not associated with lower cognitive performance or 
decline.

We hypothesize that specific types of SB may have a dif-
ferent effect on cognition depending on what a person is 
doing while sitting.

The results do not support targeting total sedentary time 
as a factor to reduce cognitive decline in older adults, 
despite its effects on cardiovascular risk factors.

1  Introduction

The rising number of persons with dementia and the lack 
of effective treatments highlight the urgency for modifiable 
risk factors to be better understood, as these might account 
for around 30% of the population risk for dementia and Alz-
heimer’s disease [1–3]. Physical activity (PA) is one of these 
factors that has been shown in previous research [4], includ-
ing a systematic review with meta-analysis in older adults, to 
have beneficial effects on cognition [5]. Traditionally, physi-
cal inactivity is mainly conceptualized as a lack of exercise. 
However, recent work suggested that sedentary behaviour 
(SB; low-intensity activities with a Metabolic Equivalent 
of Task (MET) of < 1.5) [6], which can be regarded as the 
other key component of physical inactivity, might be a target 
in its own right, due to its strong association with cardiovas-
cular disease risk [7, 8]. Whilst most research focused on 
PA examined moderate-to-vigorous intensity PAs (MVPA; 
activities with a MET of ≥ 3.0, different from light PA which 
are activities with a MET of 1.5–2.9 [6]), older adults only 
spend 0.2 h per day on such activities, whereas SB is more 
prevalent in older adults with an average of 9.2 h per day 
[9–11]. Moreover, the Western population in general is 
becoming more sedentary, and physical inactivity represents 
the leading cause for all-cause mortality worldwide [12–14], 
making SB a potentially very important modifiable risk fac-
tor for dementia to target.

Several studies found aspects of SB to be associated, 
mostly after long-term, to various cardiovascular risk fac-
tors [15–19] and diseases [20]. Since these cardiovascular 
risk factors are associated with dementia as well, it raises 
the question of whether SB might also have an effect on 
cognition. In their review, Voss et al. endorse the hypoth-
esis of an inverse relationship between SB and cognition, 
while acknowledging that conclusive research is currently 

lacking [21]. Besides these cardiovascular risk factors, that 
might underlie an association between SB and cognitive 
decline, also acute effects of SB related to vascular health 
and cerebral blood flow might be involved [22]. However, to 
date, experimental mechanistic studies on these acute effects 
of SB on cognition show conflicting findings [23–25]. For 
example, in an experiment with 9 overweight adults, reduced 
cognitive performance was seen after 6 h of uninterrupted 
sitting compared to intermittent bouts of standing [25]. In 
contrast, no beneficial effects were found on cognitive per-
formance by either interrupting an 8-h sitting period among 
6 healthy males [24], or 7-h sitting period among 19 over-
weight adults [23]. In their review of observational studies 
examining the long-term effects of SB on cognition, Falck 
et al. found associations between higher SB levels and lower 
cognition levels in six of the eight studies they reviewed 
[26]. In these studies, 8 different SB measures and 13 dif-
ferent cognitive measures were used [26]. This diversity 
in measurement types, together with other factors such as 
diverse study designs, different types of confounders cor-
rected for, and small sample sizes previously mentioned, 
may have contributed to these contradictory results. This 
complexity emphasizes the need to further explore this asso-
ciation before SB can be regarded as a potential target to 
reduce the risk on cognitive impairment.

For this purpose, we performed a coordinated analysis 
examining the association between SB and cognition, which 
combined five different cohort datasets across the world. 
This enabled us to apply a comparable analysis model across 
large, compatible datasets, while consistently controlling 
for confounding variables thus enabling the interpretation 
of effects on a similar outcome measure. Specifically, we 
evaluated whether there was a cross-sectional relationship 
between higher baseline SB (duration of sitting per day) 
and lower baseline global cognitive function (Mini-Mental 
State Examination (MMSE) or Modified Mini-Mental State 
(3MS) Examination) in older adults without dementia, and 
whether baseline SB was related to prospective decline in 
cognitive function.

2 � Methods

2.1 � Datasets and Participants

Five studies in The Cohort Studies of Memory in an Inter-
national Consortium (COSMIC) included a measure of SB 
and were, therefore, used in this investigation [27]. The first 
wave at which SB measures were collected was considered 
as the baseline wave for that study (i.e. SB was available at 
wave 1 for all studies except one (PATH study), where SB 
data were collected at wave 4). Information about the indi-
vidual studies, including study abbreviations, can be found 
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in the referenced literature (Table 1). People with cogni-
tive impairment or dementia at baseline were excluded. 
This was based on self-reported (SGS cohort), algorithmic 
(PATH cohort) or clinical diagnosis based on the DSM-IV 
or DSM-V criteria (HELIAD, SALSA, and SLAS2 cohort). 
The algorithmic dementia diagnosis, used due to an absence 
of a clinical or self-reported diagnosis, was defined as a 
decline in MMSE scores between follow-up wave 3 and 4 
of more than 2 standard deviations (SDs) or an MMSE of 
< 24 [28, 29]. All datasets were cleaned based on frequency 
tables, extreme values, and cross-checks in collaboration 
with the individual study teams.

2.2 � Sedentary Behaviour, Cognition, and Covariates

Sedentary behaviour was measured in different ways across 
the five studies. Only one study (SGS) used an objective 
measure of SB, measured by a tri-axial accelerometer 
(Active style Pro HJA-350IT, Omron Healthcare, Kyoto, 
Japan) and transformed with an algorithm based on MET-
scores into the fraction of sedentary time of total awake wear 
time [35]. One study (HELIAD) used a specific question 
that was part of the Athens Physical Activity Questionnaire 
which asked “During the last 7 days how many hours per 
day did you watch TV/video?” [36]. In two studies (PATH 
and SLAS2) participants were asked two questions relating 
to SB on a usual day, which distinguished between weekdays 
and weekend days. One study (SALSA) administered three 
questions of SB related to sitting at work, at home, and while 
driving a car during a regular week [37]. For each of the 

four studies which utilized self-reported measures of SB, 
a single SB variable was derived and transformed to total 
hours of sitting time per day (e.g. summing variables and 
dividing by seven).

Global cognition was measured with the MMSE in four of 
the studies (HELIAD, PATH, SGS, SLAS2). MMSE scores 
range from 0 to 30, with higher scores indicating better cog-
nitive function. One study (SALSA) used the 3MS Examina-
tion, which measures the same concept but results in scores 
ranging from 0 to 100 [38].

Multiple variables were regarded as potential confound-
ers of the relationship between SB and cognition, and were, 
therefore, included in the model including age, gender, eth-
nicity, education, income, BMI, morbidity count, perceived 
health, alcohol consumption, smoking status, marital status, 
living status, depression, sleep quality, blood pressure, and 
PA. Not all cohort studies had information on all covariates, 
and they were differently operationalised in the different 
studies. For PA, only MVPA was taken into account and was 
operationalised as hours per day of moderate-to-vigorous PA 
(PATH and SLAS2), MET hours (HELIAD and SALSA), or 
the fraction of moderate to vigorous PA of total awake wear 
time (SGS). Details regarding how the other covariates were 
operationalised across the different cohorts can be found in 
Table S1.

2.3 � Statistical Analysis

To deal with missing data, baseline values of all predictors 
(SB and confounders) were imputed using a multivariate 

Table 1   Cohort study information

MCI Mild Cognitive Impairment, CIND cognitively impaired but not demented, MMSE Mini-Mental State Examination, 3MS Modified Mini-
Mental State

Study Hellenic Longitudinal 
Investigation of Aging 
and Diet

Personality and 
Total Health 
Through Life 
Project

Sacramento Area 
Latino Study on Aging

Sasaguri Genkimon 
Study

Singapore Longitudinal 
Ageing Studies (II)

Abbreviation HELIAD PATH SALSA SGS SLAS2
Location Larissa, Greece Canberra, Australia Sacramento, USA Sasaguri, Japan Singapore, Singapore
Waves used W1–W2 W4 W1–W7 W1–W2 W1–W2
Length of follow-up 2.7 years – 8.1 years 2.0 years 3.8 years
Age criteria 65 + 72 + 60 + 65 + 55 +
Dementia diagnosis Clinical diagnosis – Clinical diagnosis Self-reported Clinical diagnosis
MCI/CIND diagnosis Clinical MCI diagnosis – Clinical CIND diag-

nosis
– Clinical MCI diagnosis

SB measure Self-reported TV time Self-reported 
sitting time on 
week/weekend 
day

Self-reported sitting 
time at work/at 
home/while driving 
a car

Objective accelerom-
eter data

Self-reported sitting 
time on week/week-
end day

Cognitive measure MMSE (0–30) MMSE (0–30) 3MS (0–100) MMSE (0–30) MMSE (0–30)
Starting year 2011 2001 1998 2011 2010
Reference [30] [31] [32] [33] [34]
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imputation model (rates of missing data were 13.2% for 
HELIAD, 35.8% for PATH, 16.2% for SALSA, 33.4% for 
SGS, and 12.0% for SLAS2). An imputation model was used 
including all predictors and baseline outcome variables, with 
the fully conditional specification methods using predic-
tive mean matching for all continuous variables (imputed 
datasets = 25, iterations = 100). Secondary analysis entailed 
a complete case analysis, including only cases which had 
information on all predictors (including SB) that were 
included in the model.

A coordinated analysis was used [39], with linear mixed 
growth models. Two adjusted models were used with the 
confounders stated above, one with and one without PA as 
a confounder since multicollinearity between PA and SB 
might be expected [40]. All models included baseline val-
ues of the predictors, and their interaction with linear time. 
Follow-up time was based on mean follow-up per wave per 
study, including two waves for three studies (HELIAD, SGS, 
and SLAS2), and seven for one study (SALSA). Stratified 
analyses for gender and PA based on median MVPA per 
study were performed.

To evaluate our model and outcome measures used, we 
assessed associations between the MMSE and a priori cho-
sen factors known to impact MMSE (e.g. age, education, and 
depression) [41, 42].

Additionally, correlations between SB and each of the 
covariates were calculated. To evaluate the SB measures 
used in the context of our study, we assessed correlations 
between SB and a priori chosen factors known to be associ-
ated with SB (e.g. BMI, age, and morbidity count) [11, 43, 
44]. Furthermore, we assessed the SB measures for ceil-
ing and floor effects, and examined the medians and ranges. 
Analyses were performed, with two-sided testing with P 
values less than 0.05 considered significant, using SAS sta-
tistical software version 9.4.

3 � Results

Together the imputed datasets included 10,450 participants. 
A flowchart of the complete cases can be seen in Figure S1. 
Table 2 shows the baseline characteristics of the participants 
per study. Mean age within the cohorts ranged between 66.7 
and 75.1 years, with a majority of female participants in 
most studies.

Unadjusted analysis (Table 3) showed no cross-sectional 
associations between SB and cognition in three studies 
(PATH, SGS, SLAS2). In one study (HELIAD), higher lev-
els of SB were associated with lower MMSE scores, where 
1 h/day of TV watching was associated with a 0.121 lower 
MMSE score (B = − 0.121, P < 0.001). In contrast, data 
from another study (SALSA) showed an increase in 3MS 
levels of 0.330 with every extra hour of SB/day (B = 0.330, 

P = 0.03). When the sub-questions in the SALSA study were 
analysed separately higher cognition levels were associated 
with lower levels of sitting at home (B = − 0.080, P = 0.005), 
while it was associated with higher levels of sitting while 
driving (B = 0.298, P < 0.001, see Table S3) in the unad-
justed model. Adjusting for confounders resulted in point 
estimates suggesting smaller effects and loss of significance 
of the association between SB and cognition in both studies 
(HELIAD and SALSA). A positive cross-sectional associa-
tion in one study (SLAS2) became significant after control-
ling for confounders, suggesting that every extra hour of 
SB/day was associated with a 0.118 higher cognition score 
(B = 0.118, P < 0.001). Stratified analysis by MVPA, how-
ever, showed that this was stronger for the high-PA group 
(Table S4). The stratified results in the SALSA study showed 
that higher SB levels were associated with worse cogni-
tion scores for the low-PA group, and with better cognition 
scores for the high-PA group. Stratification showed different 
unadjusted cross-sectional associations of SB with cognition 
by gender in SALSA, SGS, SLAS2 (Table S5).

Over a mean follow-up time of 2.7, 8.1, 2.0, and 3.8 years, 
cognitive function (SD) changed by − 0.94 (3.53, P < 0.001), 
− 7.56 (16.79, P < 0.001), 0.10 (2.48, P = 0.22), and − 0.49 
(1.98, P < 0.001) for the studies HELIAD, SALSA, SGS, 
and SLAS2, respectively. No associations between SB and 
decline in MMSE/3MS were found in both the unadjusted 
and adjusted models. However, the stratified results from the 
longitudinal analysis showed positive associations between 
SB and MMSE in one study (HELIAD) in the low-PA group 
only (B = 0.072, P = 0.04), see Table S4. For the stratified 
analysis by gender, no differences were seen (Table S5). The 
secondary complete case analysis showed the same results 
(see Table S2) as the primary analysis using the imputed 
datasets.

Correlations between SB and covariates can be seen per 
study in Fig. 1. Inverse associations were found between SB 
and PA in all studies (three weak, two moderate associations, 
see Table S6). The evaluation of the model can be found in 
the S1 Results.

4 � Discussion

This is the first study reporting on the association between 
SB and cognition in multiple population-based cohorts 
combining large samples of individual participant data. The 
coordinated analysis design enabled us to preserve detailed 
information on all main variables and covariates, as well 
as to test the replicability of the results across studies [45]. 
Longitudinally, no associations between SB and the rate of 
cognitive decline were found. This was unexpected given 
recent studies reported short-term and long-term detrimental 
effects of SB on the brain [25, 46], although other studies 
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could not establish an association between SB and cognition 
[24, 47].

What can explain the observed absence of a relation-
ship between SB and cognition found in this coordinated 
analysis of five cohort studies? First of all, in our study, SB 
was operationalised as total sedentary time, as commonly 
done in this field of research. However, based on the current 
findings, we hypothesize the type of SB is important. As a 
result, it is possible that considering them together might 
have limited our capacity to detect their individual effects, 
since it could be that only specific types of SB have a nega-
tive influence on cognition. Take, for example, TV watching 
for which a cross-sectional association was seen in our unad-
justed HELIAD results and previous studies [21, 48, 49]. 

TV viewing may require lower cognitive engagement than 
sitting while reading or making puzzles. In turn, different 
cognitive engagement is likely to be associated with differ-
ences in cerebral blood flow and oxygenated haemoglobin 
levels [50, 51]. We, therefore, speculate that the type of men-
tal activity engaged in while seated moderates the effect SB 
has on the brain and cognition. This may also explain why 
in one study (SALSA), the results of the unadjusted cross-
sectional analysis revealed a positive association, while 
when the cross-sectional relations were analysed separately 
sitting while driving was associated with higher cognition 
levels compared to sitting at home which was associated 
with lower cognition levels. Additionally, there are indica-
tions that it is not the total time of SB that is of influence 

Table 2   Participant characteristics

BMI body mass index, SB sedentary behaviour, MMSE Mini-Mental State Examination, 3MS Modified Mini-Mental State, QRange interquartile 
range
a Based on mean (SD) total awake wear time of 13.6 (1.8) h

Study HELIAD PATH SALSA SGS SLAS2

Total N 1551 1552 1663 2597 3087
Age
 Mean (SD), years 72.5 (5.6) 75.1 (1.5) 70.2 (6.8) 73.4 (6.1) 66.7 (7.8)
 QRange, years 69–76 74–76 55–74 68–78 61–72
 Missing N (%) 7 (0.45) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0)

Gender
 % female (N) 60.2 (933) 49.0 (760) 58.4 (971) 56.2 (1459) 62.6 (1932)
 Missing N (%) 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0)

Years of education
 Mean (SD), years 7.8 (4.7) 14.4 (2.5) 7.3 (5.3) 11.1 (2.5) 5.8 (4.3)
 Missing N (%) 1 (0.1) 4 (0.3) 0 (0.0) 23 (0.9) 56 (1.8)

BMI
 Mean (SD) 29.0 (4.7) 26.9 (5.0) 29.8 (6.0) 23.2 (3.2) 24.2 (4.1)
 Missing N (%) 38 (2.5) 133 (8.6) 140 (8.4) 668 (25.7) 188 (6.1)

Morbidity count
 Mean (SD) 1.6 (1.2) 2.5 (1.5) 2.0 (1.8) 0.8 (0.8) 1.3 (1.2)
 Missing N (%) 36 (2.3) 67 (4.3) 48 (2.9) 0 (0.0) 0 (0.0)

Sedentary behaviour
 Mean (SD) 3.5 (2.1) hours TV per 

day
7.1 (2.7) hours sitting 

per day
4.6 (2.3) hours sitting 

per day at home/work/
driving a car

7.4 (2.1) hours 
SB of complete 
awake wear 
timea

6.1 (2.3) hours sitting 
per day

 Missing N (%) 65 (4.2) 22 (1.4) 59 (3.6) 648 (25.0) 225 (7.3)
Moderate-to-vigorous Physical Activity
 Mean (SD) 1.2 (1.7) MET hours 

per day
0.5 (0.8) hours per day 10.2 (10.9) MET hours 

per day
0.7 (0.6) hours 

of complete 
awake wear 
timea

5.6 (2.3) hours per day

 Missing N (%) 61 (3.9) 175 (11.3) 59 (3.6) 648 (25.0) 224 (7.3)
MMSE/3MS
 Mean (SD) 27.4/30 (2.3) 29.1/30 (1.1) 85.9/100 (11.6) 26.8/30 (2.7) 27.9/30 (2.6)
 Missing N (%) 129 (8.3) 114 (7.4) 0 (0.0) 502 (19.3) 42 (1.4)
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but rather the extent to which a sitting bout is broken up 
by periods of standing or walking [52]. All in all, this sug-
gests that potential effects of SB on the brain work via more 
specific ways than via total sitting time. The operationalisa-
tion of SB as total undifferentiated sedentary time might, 
therefore, in retrospect have resulted in the lack of a clear 
association. It is, therefore, necessary in future studies in this 
area to assess SB with multiple domain-specific questions 
on types of behaviour, reducing the risk of underestimation 
and improving validity [53].

The measures of our primary independent variable, SB, 
that were used in this study need to be critically assessed, 
as previous studies pointed to the potential problems with 
validity of SB questionnaires, and poor correlation of 
for example TV-time with total sitting time [7, 54, 55]. 
Especially single-item questions are known to result in 
an underestimation of total sitting time [56]. Addition-
ally, since cognitive function is a factor that explains 
discrepancies between objective and subjective activity 
measures, recall bias makes subjective assessments in the 
older population less reliable [57]. Although this popu-
lation concerned participants without cognitive impair-
ment at baseline, we cannot rule out an information bias, 
which highlights the fact that research regarding SB is 
still in its infancy. For these reasons, we evaluated the 
associations of the SB measures with measures of BMI, 
age, and morbidity count, that were expected to result in 
positive significant correlations [11, 43, 44]. The expected 

correlations with SB, although small, were indeed verified 
in most studies. Furthermore, the lack of floor effects of 
the measures used indicate the SB measures had the capac-
ity to discriminate between varying levels of SB, further 
reinforcing that the SB measures retained sufficient study-
specific validity to serve as a marker of total SB. However, 
domain-specific assessment of SB is likely to both improve 
the assessment of total SB as well as add the possibility 
of studying outcomes in relation to different types of SB.

The same critical approach should be used to assess 
the study-specific validity of the outcome measures used. 
Although commonly used, the MMSE is criticized for not 
being sensitive enough to distinguish deterioration [58], 
and is affected by strong ceiling effects [59]. Especially in 
adults without cognitive impairment, it may not be sensi-
tive to individual differences. However, the evaluation we 
performed on our model showed the analytical approach 
was sensitive enough to detect the association between 
known (risk) factors and MMSE scores [41, 42]. For age, 
education, and depression, significant associations were 
found in all of the five cohort studies in the adjusted mod-
els. This strengthens the validity of the model used in our 
study and lends further support to the rigour of our null 
findings for the association of SB and global cognition. 
Future research should nonetheless examine associa-
tions between SB and performance on specific cognitive 
domains [48]. Based on the improvements seen in execu-
tive functioning measures after aerobic training [60], this 

Table 3   Linear mixed growth model analysis on the association of sedentary behaviour on cognition based on multiple imputed datasets

The basic linear mixed model (ignoring covariate adjustment) was parameterized as: cognition (MMSE or 3MS) = x1 + x2 × sedentary behav-
iour + x3 × time + x4 × time × sedentary behaviour + random intercept for each individual + residual error. The cross-sectional effects presented 
here are then represented in this model as x2 and the longitudinal effect is x4
a Model 1 is adjusted for age, gender, ethnicity, education, income, alcohol consumption, smoking, BMI, marital status, living status, perceived 
health, morbidities, blood pressure, sleep quality, and depression. In HELIAD not corrected for ethnicity, income, perceived health. In PATH not 
corrected for ethnicity. In SLAS2 not corrected for income. In SGS not corrected for ethnicity, marital status, blood pressure, sleep quality
b Model 2 is adjusted for all variables of model 1 + PA
c SALSA outcome variable is 3MS ranging from 0 to 100 instead of MMSE ranging from 0 to 30

Unadjusted Model 1a Model 2b

B 95% CI P value B 95% CI P value B 95% CI P value

Cross-sectional effect
 HELIAD − 0.121 − 0.190; − 0.052 < 0.001 − 0.028 − 0.091; 0.036 0.40 − 0.028 − 0.092; 0.036 0.40
 PATH − 0.003 − 0.005; 0.001 0.79 0.003 − 0.019; 0.024 0.81 0.001 − 0.021; 0.022 0.96
 SALSAc 0.330 0.027; 0.632 0.03 − 0.070 − 0.341; 0.201 0.61 − 0.043 − 0.317; 0.230 0.76
 SGS − 0.005 − 0.015; 0.004 0.25 0.001 − 0.009; 0.011 0.80 0.006 − 0.006; 0.018 0.35
 SLAS2 0.040 − 0.004; 0.083 0.08 0.062 0.023; 0.101 0.002 0.118 0.075; 0.160 < 0.001

Longitudinal effect
 HELIAD 0.030 − 0.020; 0.081 0.24 0.028 − 0.021; 0.077 0.26 0.028 − 0.021; 0.077 0.26
 SALSAc 0.008 − 0.038; 0.053 0.74 − 0.006 − 0.053; 0.041 0.80 − 0.011 − 0.058; 0.037 0.66
 SGS − 0.003 − 0.009; 0.004 0.40 − 0.001 − 0.008; 0.006 0.75 − 0.001 − 0.010; 0.007 0.73
 SLAS2 − 0.007 − 0.021; 0.007 0.32 − 0.011 − 0.025; 0.003 0.12 − 0.011 − 0.027; 0.004 0.16
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domain might be particularly prone to the negative effects 
of SB.

Moreover, the lack of an association between SB and cog-
nition found in our study could be because we adjusted more 
adequately for confounding compared to some of the earlier 
studies. Previous research also reported that significant asso-
ciations dissipated after correcting for confounders [47]. The 
existing literature and the correlations we observed between 
SB and each of the covariates (Fig. 1) show that multiple 
variables influence both SB and cognition, and may thus 
confound the association between SB and cognition. This 
can even differ for the different types of SB. TV viewing 
is known, for example, to be related to high caloric intake 
[61, 62], and the degree of social engagement can differ 
between varying SBs. Potentially, certain risk factors thus 
cluster with different types of SBs. This clustering might 
be one of the underlying reasons relationships between SB 
and cognition can potentially vary depending on the type 
of SB. Due to the thorough way in which the confounders 
were selected, it is reasonable to assume that the majority 
of potential confounders were included in our analysis and 
that residual confounding is not significantly impacting our 

results. The inclusion of these covariates may have had the 
effect of attenuating associations between SB and cogni-
tion; however, no clear directional association between SB 
and cognition was seen in models where the covariates were 
not adjusted for either. However, related to confounders, 
performing stratified analyses on MVPA revealed different 
effects of SB for the low-PA group versus the high-PA group 
in two studies (SALSA and SLAS2). This effect modification 
by PA has previously been shown for the relation between 
SB and mortality [63]. Therefore, this suggests that MVPA 
can, to some extent, counteract a potential detrimental effect 
of SB on cognition, creating a need for more comprehensive 
studies examining both factors simultaneously. Stratifica-
tion did reveal gender differences in the unadjusted cross-
sectional associations of SB and cognition in some studies, 
but no pattern of effect modification by gender consistently 
in the same direction could be replicated across studies.

Lastly, it is possible that historical SB (either accumu-
lated SB or SB during another life phase) is of greater influ-
ence on cognitive function in older adults compared to cur-
rent SB as investigated here. A similar mechanism is seen 
for smoking, in which cumulative smoking in pack-years is 

Fig. 1   Correlation analysis of 
sedentary behaviour measures 
with imputed covariates. Lines 
represent studies, in similar 
order for each covariate seen 
from the middle (1 = HELIAD, 
2 = PATH, 3 = SALSA, 4 = SGS, 
5 = SLAS2). Green lines 
represent positive significant 
associations (high SB, high 
covariate). Red lines represent 
inverse significant associations 
(high SB, low covariate). Blue 
lines represent non-significant 
associations (SB not related to 
covariate). Black lines indicate 
that the covariate was not meas-
ured in that particular study
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of greater influence on current mortality risk [64]. Relatedly, 
there is a possibility that one’s current SB is not an accurate 
reflection of one’s history of SB. Particularly around the age 
of retirement, it is expected that the amount of SB changes 
due to a changing daily routine [65]. This, in combination 
with the relative short time interval used for the longitudinal 
analysis, may have contributed to the lack of an association 
found between baseline SB and cognition decline. Therefore, 
while our findings diminish the likelihood of total undiffer-
entiated sedentary time in late life as a risk factor for cogni-
tive decline, the impact of cumulative or earlier life SB on 
cognitive decline remains to be elucidated. This would also 
give the opportunity to study the concept of reverse causa-
tion that could bias results.

The impact of the limitations scrutinized above should 
be balanced against the strengths of the current study. In 
addition to the aforementioned rigour of the confounder 
selection and the evaluation we performed to show the study 
specific validity of both the measures of total SB and global 
cognition, the main strength lies in the applied coordinated 
analysis approach. High-quality cohort study data were used 
that were made available through the COSMIC initiative. 
The coordinated analysis approach allowed for replication 
across the five data sets using a comparable analysis model 
and adds further rigour to the null finding for the associa-
tion between total SB and global cognition. Finally, the 
generalizability of our findings benefitted strongly from the 
population-based character of the cohorts included and their 
geographical spread across the world.

4.1 � Practical Implications

In this study, total undifferentiated sedentary time in late life 
was not significantly associated with lower global cognitive 
performance or decline. Given the many other deleterious 
consequences of prolonged sitting on one’s health, guide-
lines recommending reductions in sitting time are still rel-
evant. However, we did not find any evidence to establish 
total sedentary time as a targetable risk factor in the pre-
vention strategy for dementia. This finding should be seen 
as a guide mark instead of an end-point, and as such offer 
important suggestions for the best way to move this field 
forward. The limitations highlighted in our study are inher-
ent to the current state of this field of research. Therefore, we 
hope these notions can be used to investigate the relationship 
between SB and cognition in a more optimal way. Specifi-
cally, we propose a shift of attention for future studies in not 
only looking at total SB but more task-specific SBs using 
validated questionnaires that are able to measure types of 
SB separately and bring this in relation to more sensitive 
cognitive outcome measures. Also more insight needs to 
be gained into the physiological mechanisms by which SB 
potentially influences brain health and cognition. To do so, 

we need to go beyond epidemiological studies alone, and 
combine epidemiological analyses with clinical experiments 
that focus on the mechanistic effects of SB on the brain and 
cognition. In this way, we will be better able to understand if 
SB is a potential target for cognitive decline or not.

5 � Conclusions

Across the five population cohorts examined, this study 
did not find support for an association between total undif-
ferentiated sedentary time and lower global cognition, at 
baseline or over time. We hypothesize that specific types 
of SB may differentially influence cognition depending on 
what a person is doing while sitting. Future research should 
investigate this further using sensitive neuropsychological 
tests and investigating mechanisms underlying the potential 
relationship between SB and cognition. For now, it is, how-
ever, too early to establish undifferentiated sedentary time as 
a potential preventable risk-factor for dementia prevention.
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