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Sedentary behavior (SB) is associated with cardiometabolic disease and mortality, but its
association with dementia is currently unclear. This study investigates whether SB is asso-
ciated with incident dementia regardless of engagement in physical activity (PA). A total
of 146,651 participants from the UK Biobank who were 60 years or older and did not
have a diagnosis of dementia (mean [SD] age: 64.59 [2.84] years) were included. Self-
reported leisure-time SBs were divided into two domains: time spent watching television
(TV) or time spent using a computer. A total of 3,507 individuals were diagnosed with
all-cause dementia over a mean follow-up of 11.87 (±1.17) years. In models adjusted for
a wide range of covariates, including time spent in PA, time spent watching TV was asso-
ciated with increased risk of incident dementia (HR [95% CI] = 1.24 [1.15 to 1.32])
and time spent using a computer was associated with decreased risk of incident dementia
(HR [95% CI] = 0.85 [0.81 to 0.90]). In joint associations with PA, TV time and com-
puter time remained significantly associated with dementia risk at all PA levels. Reducing
time spent in cognitively passive SB (i.e., TV time) and increasing time spent in cogni-
tively active SB (i.e., computer time) may be effective behavioral modification targets for
reducing risk of dementia regardless of engagement in PA.
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Exercise and physical activity (PA) have shown promise in reducing rates of cognitive
decline, structural brain atrophy, and dementia risk in older adults (1–4). However,
despite decades of work, and recommendations to increase exercise participation and
levels of PA, engagement in purposeful exercise has not substantially increased (5, 6).
In contrast to PA, the effects of sedentary behavior (SB) or time spent sitting on the
risk of developing dementia have received less attention, though recent work suggests
that SB may have detrimental effects on cognition, brain health, and the development
of neurodegenerative disease (7–12). It is critical to understand how SB impacts brain
aging since more than half of adults in Europe and the United States engage in high
levels of SB and prevalence of high SB has increased over the last 20 years (13, 14).
The goal of this study is to determine the association between leisure-time SB and inci-
dence of all-cause dementia and to examine these associations within the context of dif-
fering levels of PA engagement.
SB is defined as “any waking behavior characterized by an energy expenditure ≤ 1.5

METs [metabolic equivalent units] while in a sitting or reclining posture” (15). Previ-
ous work has shown that SB is associated with increased risk of mortality and the devel-
opment of cardiometabolic disease (16, 17), and there is an ongoing debate over
whether the physiological effects of SBs are fully ameliorated by complementary PA
(18, 19). In prospective cohorts and meta-analyses, the associations between SB and
mortality are highest in individuals with low levels of PA, and these risks are generally
attenuated toward the null in individuals engaged in high levels of PA (20–22). SB
occurs in a variety of contexts or domains, and in addition to total sitting time,
researchers have often used television (TV) watching as a marker of SB since this is a
common behavior done while sitting (23). Unlike total sitting time, TV watching time
remains associated with increased risk of mortality, despite significant attenuation, in
individuals who engage in high levels of PA (20). Thus, taking types or context of SB
into account may be essential to understanding the effects of SB on health outcomes.
SB is also associated with cognitive and structural brain aging (7, 11, 12, 24–26),

although associations with cognition, and modification of these associations by PA,
lack clarity in the literature (27, 28). Distinctive SB domains may have different effects
on cognition, with cognitively passive SBs like watching TV demonstrating negative
associations with cognition and cognitively active SBs like computer use or reading
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showing positive associations with cognition (7, 24, 29–31). In
addition, previous work has linked SBs with dementia and
Alzheimer’s disease in case-control studies (11). However, a
recent prospective study that combined TV viewing with radio
listening as one SB exposure found no association with incident
dementia (32). Despite continued focus on SB and aspects of
cardiometabolic health and mortality, to our knowledge, no pro-
spective studies have examined the association between different
SB domains and incident dementia, and none have examined
these relationships in relation to PA engagement (33). Here, we
use the UK Biobank, the largest prospective cohort of
community-dwelling adults to include measures of self-reported
SB, PA, and follow-up diagnoses of dementia to test the hypoth-
esis that different leisure-time SB domains (TV watching vs.
computer use) are associated with incident dementia and that
these associations are not modified by engagement in PA.

Results

There were a total of 146,651 participants after excluding par-
ticipants younger than 60 years old (n = 284,891), those with
prevalent dementia at the start of follow-up (n = 163), and
those that did not have complete covariate data (n = 70,709).
Baseline characteristics of participants included in this study are
shown in Table 1. Over 1,741,333 person years of follow-up
(mean follow-up [SD] = 11.87 [1.17] years), there were 3,507
cases of incident dementia.
In minimally adjusted models that included all exposures (SBs

and PA) and with age and sex as covariates, PA was associated
with reduced risk of incident dementia (Hazard Ratio (HR)
[95% CI] = 0.96 [0.93 to 0.99]), TV watching time was associ-
ated with increased risk of incident dementia (HR [95% CI] =
1.31 [1.23 to 1.40]), and computer use was associated with

reduced risk of incident dementia HR [95% CI] = 0.80 [0.76 to
0.85]). When analyzed by tertile of behavior, individuals in both
the medium and the highest PA tertiles showed reduced risk of
incident dementia relative to the lowest PA tertile (HRmediumPA

[95% CI] = 0.92 [0.85 to 0.99] and HRhighPA [95% CI] =
0.87 [0.81 to 0.95]), the highest tertile of TV viewing time was
associated with increased dementia risk relative to low TV time
(HR [95% CI] = 1.28 [1.18 to 1.39]; Table 2), and both
medium and high computer time were associated with reduced
risk of incident dementia (HRmediumComputer [95% CI] = 0.63
[0.58 to 0.68] and HRhighComputer [95% CI] = 0.70 [0.65 to
0.76]; Table 2). Results were generally unchanged in fully
adjusted models that included a range of demographic and
health covariates (Methods and Table 2). When analyzed as con-
tinuous variables, PA (HR [95% CI] = 0.96 [0.94 to 0.99]) and
computer use (HR [95% CI] = 0.85 [0.81 to 0.90]) remained
associated with reduced risk of dementia, while TV time was
associated with increased risk of incident dementia (HR [95%
CI] = 1.24 [1.15 to 1.32]). In analyses by tertile for PA or SB,
the highest PA tertile was associated with reduced dementia risk
relative to the lowest PA tertile (HRhighPA [95% CI] = 0.88 [0.81
to 0.95]), the highest tertile of TV viewing time was associated
with increased dementia risk relative to low TV time (HR
[95% CI] = 1.21 [1.11 to 1.32]; Table 2), and both medium
and high computer time were associated with reduced risk of
incident dementia (HRmediumComputer [95% CI] = 0.70 [0.64 to
0.76] and HRhighComputer [95% CI] = 0.76 [0.70 to 0.83];
Table 2). In sensitivity analyses, results were unchanged when
including all participants aged 40 years and older or when exclud-
ing participants who developed incident dementia within 5 years
of baseline (SI Appendix, Table S1). In additional sensitivity anal-
yses, results were similar when missing values were imputed (SI
Appendix, Table S1), suggesting missing data did not introduce

Table 1. Baseline characteristics of study participants

No incident dementia
(n = 143,144)

Incident dementia
(n = 3,507)

Variables Mean (SD) or n (%) Mean (SD) or n (%)

Age (y) 64.55 (2.84) 66.17 (2.7)
Sex (female) 71,147 (49.7) 1,511 (43.09)
Education (college or higher) 42,227 (29.5) 805 (22.95)
Townsend deprivation index �1.71 (2.87) �1.21 (3.13)
Ethnicity (white) 139,889 (97.73) 3,411 (97.26)
Apoe status
1 ε4 allele 33,628 (23.49) 1,443 (41.15)
2 ε4 alleles 3,058 (2.14) 415 (11.83)
BMI (kg/m2) 27.42 (4.4) 27.51 (4.7)
Smoking status
Never 71,406 (49.88) 1,553 (44.28)
Former 60,661 (42.38) 1,627 (46.39)
Current 11,077 (7.74) 327 (9.32)
Alcohol
Never 19,296 (15.46) 602 (20.38)
Moderate 64,134 (51.37) 1,447 (48.98)
Excessive 41,415 (33.17) 905 (30.64)
Any chronic condition (present) 67,952 (47.47) 2,056 (58.63)
Depression (yes) 51,000 (35.63) 1,403 (40.01)
Healthy diet score (yes) 77,272 (53.98) 1,804 (51.44)
Social contact (yes) 139,765 (97.64) 3,383 (96.46)
TV watching time (h/day) 3.01 (1.64) 3.39 (1.86)
Computer time (h/day) 1.03 (1.24) 0.93 (1.31)
PA (MET h/day) 0.94 (0.91) 0.95 (0.98)
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bias into our results. Finally, results were similar when analyzed
using a competing risks regression model that takes into
account the competing risk of nondementia mortality in this
population and when including employment type at baseline in
models (SI Appendix, Table S1).
We also investigated whether associations between SB types

and engagement in PA are related and whether PA may
enhance or attenuate these relationships by including interac-
tion terms in the models. When analyzed as continuous varia-
bles, there were significant interactions between PA and
both TV time (HRmodel 1 [95% CI] = 1.03 [1.02 to 1.04] and
HRmodel 2 [95% CI] = 1.02 [1.00 to 1.03]) and computer time
(HRmodel 1 [95% CI] = 0.91 [0.89 to 0.93] and HRmodel 2

[95% CI] = 0.93 [0.91 to 0.96]). To better interpret these
interactions, we examined joint associations of PA and SB ter-
tiles (Fig. 1). In analyses of these joint associations, with high
PA and low TV watching time as the reference group, there is a
clear pattern in which the highest TV viewing times were sig-
nificantly associated with increased dementia risk across all lev-
els of PA, though there was some minor attenuation of risk
with high PA. Similarly, for all PA levels, relative to high PA
and high computer time, low computer use time was associated
with increased risk of incident dementia despite some attenua-
tion of risk in higher levels of PA (Fig. 1).

Discussion

In this study, we show that SBs are associated with incident
dementia, however SB domain and context determine the
direction of the associations. Time spent watching TV, a com-
monly used marker of SB, is associated with increased risk of
all-cause dementia, while leisure-time spent using a computer is

associated with reduced risk of incident dementia. These results
remain significant following adjustment for demographic,
health, and lifestyle variables, including time spent in PA and
sleep, as well as in sensitivity analyses.

The associations between SBs and incident dementia are not
strongly altered by the level of PA engagement. While there
were significant interactions between PA and SBs for incident
dementia, both TV time and computer use remain significantly
associated with risk of incident dementia, with some attenua-
tion across PA levels. Thus, unlike in studies of cardiovascular
disease or all-cause mortality (20–22), the association between
leisure-time SB and brain health is not meaningfully related to
time spent in PA in this sample. Our results help clarify associ-
ations of SB with brain health and suggest that it is not time
spent sitting per se but the type or context of leisure-time SB
that is associated with dementia risk. While PA is associated
with a beneficial reduction in dementia risk, this relationship
does not strongly impact associations between leisure-time SB
and dementia risk, suggesting two key and potentially separate
behavioral pathways for altering risk of incident dementia.

Our results are consistent with previous work showing that
the domain or type of SB plays an important role in the health
impacts of inactivity. For example, several studies have shown
that TV time is associated with mortality and poor cardiometa-
bolic biomarkers, whereas computer time is not (34–36), and
compared with total sitting time, TV viewing time may be
associated with mortality in those with very high levels of PA,
despite significant attenuation relative to low PA (20). Our
results are also consistent with studies showing inverse relation-
ships of TV time and computer time with brain outcomes. For
example, Bakrania and colleagues (7) showed that TV viewing
time was negatively associated with cognition, while computer

Table 2. Risk of incident dementia (n = 3,507) according to SB domain in the UK Biobank

Model Variable HR Lower Upper P value
FDR-corrected

P value p-trend
FDR-corrected

p-trend

M
o
d
el

1a

PA (MET h/day) 0.96 0.93 0.99 6.76E-03 8.54E-03
TV (h/day) 1.31 1.23 1.40 1.20E-15 5.75E-15

Computer (h/day) 0.80 0.76 0.85 1.48E-15 5.90E-15
PA lowest tertile 1.00
PA medium tertile 0.92 0.85 0.99 3.54E-02 4.04E-02
PA highest tertile 0.87 0.81 0.95 1.04E-03 1.56E-03 5.26E-04 8.42E-04
TV lowest tertile 1.00
TV medium tertile 1.05 0.96 1.14 2.91E-01 3.04E-01
TV highest tertile 1.28 1.18 1.39 3.69E-09 8.04E-09 1.05E-11 3.15E-11

Computer lowest tertile 1.00
Computer medium tertile 0.63 0.58 0.68 1.35E-27 3.25E-26
Computer highest tertile 0.70 0.65 0.76 6.40E-18 5.12E-17 2.14E-20 2.57E-19

M
o
d
el

2b

PA (MET h/day) 0.96 0.94 0.99 1.25E-02 1.50E-02
TV (h/day) 1.24 1.15 1.32 1.36E-09 3.28E-09

Computer (h/day) 0.85 0.81 0.90 1.93E-08 3.86E-08
PA lowest tertile 1.00
PA medium tertile 0.93 0.85 1.01 6.96E-02 7.60E-02
PA highest tertile 0.88 0.81 0.95 1.82E-03 2.43E-03 1.42E-03 2.01E-03
TV lowest tertile 1.00
TV medium tertile 1.04 0.95 1.13 3.92E-01 3.92E-01
TV highest tertile 1.21 1.11 1.32 1.75E-05 3.00E-05 1.61E-06 2.97E-06

Computer lowest tertile 1.00
Computer medium tertile 0.70 0.64 0.76 1.93E-16 1.16E-15
Computer highest tertile 0.76 0.70 0.83 8.99E-11 2.40E-10 7.97E-12 2.73E-11

aModel 1: Cox proportional hazards regression was adjusted for age and sex, and all models included TV, computer use, and PA.
bModel 2: Cox proportional hazards regression was adjusted for model 1, education, Townsend deprivation index, ethnicity, APOE ε4 genotype, alcohol consumption, smoking status,
chronic disease, depression, healthy diet score, BMI, social contact, and sleep.
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time was positively related to cognitive performance at baseline
in the UK Biobank. In addition, follow-up cognitive testing in
this sample showed that TV watching at baseline was associated
with increased odds of cognitive decline and computer use at
baseline was associated with reduced odds of cognitive decline
(7). Others have also found these divergent effects of cognitively
active (computer use, playing board games, or reading) and cog-
nitively passive (TV watching) SBs on cognition (37–39). In
addition, Nemoto et al. (30) and Wanders et al. (31) reported
that TV viewing time had a less consistent relationship with cog-
nition than more cognitively active SBs (computer use or reading),
which showed more consistently positive relationships with aspects
of cognition in older adults. Overall, previous literature focused
on cognitive outcomes underscores the importance of assessing
the leisure-time SB domain and is consistent with our findings
that cognitively passive and cognitively active SB domains have
different associations with risk of incident dementia.
There are several potential explanations for the difference in

associations between TV time and computer time on brain
health. First, previous links between SB and health have
focused on reduced muscle activity during sitting and associ-
ated detrimental physiological effects (16, 18, 19). TV viewing
time, in particular, has been associated with cardiovascular and
cardiometabolic disease risk, and links between cardiovascular
health and dementia risk are well established (40, 41). In sup-
port of a metabolic physiological hypothesis, sitting while
watching TV is associated with uniquely low levels of muscle

activity and energy expenditure compared with sitting while
using a computer (42, 43). Thus, there may be physiological
mechanisms linking TV watching time and brain health, a
hypothesis supported by several studies showing that uninter-
rupted sitting for long periods of time is linked with reduced
cerebrovascular hemodynamics (44–46). In this scenario, rela-
tively greater cognitive stimulation during computer use may
overcome the detrimental physiological effects of sitting (7).
Recent work has shown that cognitively challenging activities,
including computer use, can beneficially impact cognition and
brain health and have been associated with reduced dementia
risk (47, 48). This work fits into a larger literature that supports
a positive association between intellectually challenging activi-
ties throughout life and reduced late-life dementia risk (49).
For example, Staff et al. (50) showed that intellectual engage-
ment, assessed using a wide-ranging questionnaire, was associ-
ated with cognitive performance late in life. Thus, cognitively
passive SB that typically occurs with TV time may be particu-
larly detrimental for brain health, linked with the physiological
effects of sitting, while cognitively active SBs like computer use
may benefit brain health due to the enhanced cognitive chal-
lenges. Alternatively, these domains of SB may be associated
with other behavioral differences that are linked with brain
health. For example, it is possible that energy intake during TV
viewing differs from other forms of SB, leading to poor cardio-
metabolic outcomes that may influence brain health (51, 52).
However, our results were unchanged following adjustment for

Fig. 1. Joint association of PA and SBs with risk of incident dementia. Models are fully adjusted (Table 2 gives full list of covariates). Reference categories
are the lowest risk for each SB (i.e., high PA and low TV or high PA and high computer time), and results show that at all levels of PA, high TV time and low
computer time are both associated with increased risk of dementia.

4 of 7 https://doi.org/10.1073/pnas.2206931119 pnas.org



diet, alcohol consumption, and obesity, reducing the likelihood
of this explanation. In addition, TV viewing often occurs in the
evening, and postprandial sedentary time may be detrimental
for cardiometabolic physiology (20), which may in turn impact
brain health (53). Finally, while we include a range of covari-
ates, we cannot fully rule out that some form of residual con-
founding may play a role in our results.
Although understanding the underlying mechanisms relating

TV time and computer time to incident dementia is important,
our results highlight a key behavioral characteristic for public
health messaging and modification. Reducing cognitively pas-
sive SBs like TV watching and increasing cognitively active SBs
like computer use, by even a small amount, may have an
important impact on dementia risk in individuals regardless of
their engagement in PA.

Strengths and Limitations. Our study has several strengths,
including the size of the UK Biobank cohort, with the largest
prospective sample analyzed to date. A second strength is the
inclusion of a wide range of covariates linked with increased
risk of developing dementia. While our study has notable
strengths, there are limitations that may form the foundation
for future studies of SB and brain health. Our study uses an
observational design, which despite the large sample size and
the wide range of covariates available, may still allow for resid-
ual or unmeasured confounding. We cannot fully rule out
reverse causality in this type of design, however our sensitivity
analyses excluded disease diagnoses within 5 years of baseline,
and we found no attenuation of incident dementia risk with
TV watching or computer use, increasing our confidence that
we are not measuring reverse causality in these relationships. SB
and PA exposures were measured at only a single time point,
and these behaviors may change over time. Future studies
examining change in SB and PA behaviors will help us under-
stand the role of long-term SB in brain health. Behaviors
reported here were measured using self-reported questionnaire-
based data, which may lead to measurement error. For example,
Salthouse (54) noted that questionnaires assessing intellectual
activities may suffer from positive self-presentation or desirabil-
ity bias or that participants may have trouble accurately remem-
bering time spent in these activities. Thus, the use of objective
methods for measuring both SB and PA are needed in future
studies. The reliance on hospital records and death registry for
dementia diagnosis is a limitation of this study since it may
underestimate cases with dementia in this cohort. However,
expert adjudication of cases is not possible in a cohort this
large, and a previous validation study supported these methods
for determining all-cause dementia and demonstrated agree-
ment with primary care records (55). Finally, the UK Biobank
is ethnically and racially homogeneous, which limits generaliz-
ability of our findings to more diverse populations, though
researchers have argued that generally, results from this cohort
could be externally valid for linking exposures with health out-
comes (56). Future studies that include a more diverse sample
would enhance the generalizability of these results.

Conclusions

TV watching time, a prevalent SB domain, is associated with
increased risk of developing all-cause dementia, while computer
use is associated with reduced risk of developing dementia.
Unlike other health outcomes, associations between SBs and
dementia are not strongly attenuated with high levels of PA. A
focus on reducing leisure time spent in cognitively passive TV

watching and increasing time spent in more cognitively active
SBs creates promising targets for reducing risk of neurodegener-
ative disease regardless of levels of PA engagement.

Methods

The UK Biobank, funded by the Wellcome Trust and other charity agencies, col-
lected extensive baseline and follow-up data from a large community-dwelling
study cohort (n ≈ 500,000) between 2006 and 2010 (56–59). Individuals were
invited to participate in the study if they were aged 40 to 69 years; lived within
40 km of 1 of 22 assessment centers in England, Scotland, and Wales; and were
registered with the National Health Service (56, 58). For the original data collec-
tion by the UK Biobank, there were no exclusion criteria based on health,
although volunteers were required to attend an assessment center (56, 58). Par-
ticipants for our analyses were excluded from the proposed study if they
reported a diagnosis of Alzheimer’s disease or other age-related dementias at
the baseline visit.

Self-Reported SB and PA. Self-reported levels of SB were measured via a
touchscreen questionnaire in all participants at the baseline examination in
2006 to 2010. Two types of leisure-time SB were assessed in this questionnaire:
watching TV (“In a typical day, how many hours do you spend watching TV?”)
and using a computer (“In a typical day, how many hours do you spend using
the computer? [Do not include using a computer at work]”). Participants were
allowed to answer less than 1 h or any number of hours between 0 and 24 h
(in whole numbers). Participants who answered greater than 8 h for TV watching
and greater than 6 h for computer use were asked to confirm their response. For
individuals who responded with less than 1 h per day (but greater than 0 h), we
recoded their value to 0.5 h/day. Self-reported moderate PA (MPA), vigorous PA
(VPA), and walking were measured via the touchscreen questionnaire in all par-
ticipants at the baseline visit, with questions based on the International Physical
Activity Questionnaire (IPAQ) (60). We used IPAQ summary data from Cassidy
et al. (61), whose analysis followed IPAQ Research Committee recommendations
(62). Time spent in each activity was weighted by energy expended in these
activities (3.3 METs for walking, 4.0 METs for MPA, and 8.0 METs for VPA) to cal-
culate a sum of MET minutes per week of PA and were converted to MET hours
per day for analyses. For analyses here, PA and SB exposures were both assessed
as continuous variables (after square root transformation) and grouped into ter-
tiles of SB and PA. For TV watching time, the lower boundary of the second tertile
was 2 h and the lower boundary of the third tertile was 4 h. For computer use
time, the lower boundary of the second tertile was 0.5 h and the lower boundary
of the third tertile was 1 h. For PA, the lower boundary of the second tertile was
2.81 MET h/day and the lower boundary of the third tertile was 7.10 MET h/day.

Dementia Diagnosis. Hospital inpatient records were used to determine
all-cause dementia diagnoses (58, 63). Hospital records were drawn from the
Hospital Episode Statistics for England, the Scottish Morbidity Record data for
Scotland, and the Patient Episode Database for Wales, which contained hospital
admission dates and diagnoses. Additional cases were derived from linkages
with death register datasets for England, Scotland, and Wales (58, 63). The Inter-
national Classification of Diseases (ICD) coding system was used to determine
primary or secondary diagnoses of all-cause dementia and Alzheimer’s disease
from hospital records or as an underlying or contributing cause of death from
death register linkages [see Lourida et al. (63) for ICD9 and ICD10 codes used
for diagnoses].

Statistical Analyses. We conducted complete case analyses and restricted
analyses to participants 60 years and older at the start of follow-up with com-
plete covariate, exposure, and outcome data (58). We used Cox proportional haz-
ard regression models to examine the associations of different SB measures with
incident all-cause dementia. Participants were followed up from their baseline
visit until their first dementia diagnosis, death, loss to follow-up, or last date of
hospital admission from the respective database (England: March 31, 2021;
Wales: March 6, 2018; and Scotland: May 7, 2021) (58). We tested the propor-
tionality of hazards assumption using Schoenfeld residuals (64) (P > 0.05 for
all models).

Models were adjusted for a range of covariates, all measured at the baseline
visit, that accounted for demographic, lifestyle, and health characteristics. First,
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model 1 was mutually adjusted for TV, computer use, and PA and was further
adjusted for age at the start of follow-up and sex. The fully adjusted model
(model 2) was then evaluated, which included the following additional covari-
ates: education (higher education or no higher education), socioeconomic status
using the Townsend deprivation index (a higher score is associated with higher
deprivation), the presence of the APOE ε4 allele (genetic risk for dementia; 0, 1,
or 2 ε4 alleles), ethnicity (white or nonwhite), chronic conditions (received a
diagnosis of cardiovascular disease, diabetes, or cancer), smoking status (never
smoker, former smoker, or current smoker), alcohol use [none, moderate alcohol
consumption, or high alcohol consumption following Lourida et al. (63)], body
mass index (BMI), depression (self-report or doctor diagnosed), adherence to a
healthy diet [derived from Lourida et al. (63)], hours of sleep (self-reported from
the question: “About how many hours sleep do you get in every 24 hours?
[Please include naps]”), and social contact (whether or not an individual had at
least two of the following each week: a visit from a family member, someone to
confide in, or engagement in a leisure activity [sports club or gym, pub or social
club, religious group, adult education class, or other group activity]) (65). Correc-
tion for multiple testing was implemented for primary outcomes using the
Benjamini-Hochberg false discovery rate (FDR) method (66), with FDR < 0.05
considered as statistically significant. In sensitivity analyses, we excluded partici-
pants who developed dementia within 5 years of the start of follow-up and
included all participants aged 40 years and older in Cox proportional hazards
models. In addition, we carried out further sensitivity analyses to examine the
impact of missing exposure and covariate data. Missing data were imputed
using multiple imputation by chained equations (MICE), with 40 imputations
using the mice package in R statistical computing software (67). Rubin’s rules
(68) were followed to compute hazard ratios. We assessed risk in the presence
of competing events to examine whether competing risk of death from causes
other than dementia impacts the associations between SB, PA, and dementia
using the cmprsk package in R. These analyses take into account participants
who die without experiencing the event of interest (i.e., diagnosis of dementia),
treating these deaths as competing risks, which provides a more conservative

estimate of associations among SB, PA, and dementia compared with treating
these participants as censored (69). Finally, because complexity of job require-
ments is associated with cognitive performance (70), we include a categorization
of job type at baseline (we excluded participants who were retired and unem-
ployed at baseline) in models, where job complexity was divided into two cate-
gories [managers and skilled positions vs. unskilled positions following Howe
et al. (65)].

To determine whether associations between incident dementia and SB
domains were altered by engagement in PA, we included PA or PA tertile as a
covariate in our models as described above. In secondary evaluations, we exam-
ined the interactions of SBs and PA.

Data, Materials, and Software Availability. Data used in this study are
available by application to the UK Biobank (71). All other study data are included
in the article and/or SI Appendix.
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