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ABSTRACT

Objectives We identified profiles of wake-time
movement behaviours (sedentary behaviours, light
intensity physical activity and moderate-to-vigorous
physical activity) based on accelerometer-derived features
among older adults and then examined their association
with all-cause mortality.

Methods Data were drawn from a prospective cohort

of 3991 Whitehall Il accelerometer substudy participants
aged 60-83 years in 2012—-2013. Daily movement
behaviour profiles were identified using k-means cluster
analysis based on 13 accelerometer-assessed features
characterising total duration, frequency, bout duration,
timing and activity intensity distribution of movement
behaviour. Cox regression models were used to assess the
association between derived profiles and mortality risk.
Results Over a mean follow-up of 8.1 (SD 1.3) years, a
total of 410 deaths were recorded. Five distinct profiles
were identified and labelled as ‘active’ (healthiest), ‘active
sitters’, ‘light movers’, ‘prolonged sitters’, and ‘most
sedentary’ (most deleterious). In model adjusted for
sociodemographic, lifestyle, and health-related factors,
compared with the ‘active’ profile, ‘active sitters’ (HR 1.57,
95%Cl 1.01 to 2.44), ‘light movers’ (HR 1.75, 95%Cl 1.17
t0 2.63), ‘prolonged sitters’ (HR 1.67, 95%Cl 1.11 to 2.51),
‘most sedentary’ (HR 3.25, 95% Cl 2.10 to 5.02) profiles
were all associated with a higher risk of mortality.
Conclusion Given the threefold higher mortality risk
among those with a ‘most sedentary’ profile, public

health interventions may target this group wherein any
improvement in physical activity and sedentary behaviour
might be beneficial.

INTRODUCTION

With increasing life expectancy, older adults
represent the fastest growing age group and
their proportion with respect to the world’s
population is expected to nearly double
by 2050." It is important to understand the
drivers of health in this group that is char-
acterised by multimorbity” * and reduced
functioning capacity.” Recent guidelines

,"? Mathilde Chen,"** Aline Dugravot,’

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Guidelines on wake-time movement behaviours fo-
cus primarily on total duration; although movement
behaviour is multidimensional in nature and can be
further characterised based on dimensions such as
intensity, frequency, fragmentation, distribution and
timing. Owing to lack of evidence to establish their
relevance, especially for older adults, guidelines
have given little to no consideration for these other
dimensions.

WHAT THIS STUDY ADDS

= This study found five movement behaviour pro-
files that differed according to 13 accelerometer-
measured daily movement behaviour features
spanning six dimensions.

= The ‘most sedentary’ profile has a threefold higher
risk of mortality as compared with older adults with
the ‘active’ profile, independent of sociodemograph-
ic, lifestyle and health-related risk factors.

= Anintermediate similar risk was found for the ‘active
sitters’, ‘light movers’ and ‘prolonged sitters’.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Public health interventions may focus on older adults
with the ‘most sedentary’ profile by designing pro-
grammes wherein any improvement in physical ac-
tivity and sedentary behaviour might be beneficial.
Around 20% of the study population had an active
profile, this shows that this profile can be achieved

and be used as the ultimate target.

encourage older adults to engage in at least
150min per week of moderate-to-vigorous
physical activity (MVPA) and reduce time in
sedentary behaviour (SB), with no recom-
mendation regarding light intensity physical
activity (LIPA).” However, there is low adher-
ence to these guidelines particularly in older
adults.®”
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The three wake-time movement behaviours—SB,
LIPA, MVPA—that make up our days have long been
primarily characterised in research settings by their
total duration, commonly assessed by questionnaire
and their importance for morbidity and mortality®? is
well established, particularly for SB and MVPA. Move-
ment behaviour is multidimensional in naturelo; in
addition to duration, it can be further classified based
on dimensions such as intensity, frequency, frag-
mentation, distribution, and timing.11 2 Little to no
consideration for these other dimensions is given in
the current PA guidelines.” Accelerometers have made
it possible to capture these dimensions, and studies
have found, for instance, that breaking up prolonged
sedentary time'® and replacing it with short bouts
of PA of any intensity'* could improve health. This
underlines the importance of investigating different
dimensions of movement behaviour."” While these
dimensions differ in movement behaviour characteri-
sation, they tend to cluster together within individuals.
It is thus important to take into consideration how
they combine within a single individual and identify
mutually exclusive movement behaviour profiles.

To date, only a few studies'® '° have explored the
association of movement behaviour profiles with
mortality and found that individuals with a combi-
nation of high SB, low LIPA, and no or less MVPA
are at the most risk. However, these studies had
drawbacks such as small sample size'” or inclusion
of limited movement behaviour characteristics.'*"®
None of the studies considered the intensity distri-
bution of movement behaviours'?*’ or the timing of
activity,?' * which might be important dimensions for
health. Moreover, only one study exclusively focused
on older adults, using self-reported measures that
cannot capture short, incidental episodes of move-
ment behaviour and examining a single dimension,
duration in movement behaviours.'® To the best of
our knowledge, no study has investigated the asso-
ciation of movement behaviour profiles comprising
different dimensions of objectively measured move-
ment behaviours with mortality risk in older adults.
Therefore, this study aimed to identify mutually
exclusive profiles of daily movement behaviour based
on 13 objectively measured PA and SB characteris-
tics and to examine their association with all-cause
mortality among older adults. Based on the literature
we expect a set of profiles ranging from the most
sedentary, characterised by worst values on all SB
dimensions to the most active, composed of the most
favourable values on each MVPA dimension; although
we have no hypothesis regarding how features
related to duration, frequency, and fragmentation
of LIPA, as well as timing and activity distribution,
will contribute to the movement behaviour profiles;
we hypothesise the most sedentary profile to be asso-
ciated with the highest risk of all-cause mortality
among older adults.

MATERIALS AND METHODS

Study design and participants

The Whitehall II study is an ongoing prospective cohort
established in 1985-1988 among 10308 London-based
civil servants (67% males) aged 35-55 years.” Since
study inception, sociodemographic, lifestyle, and health-
related factors have been assessed using questionnaires
and clinical examinations. Subsequent follow-up assess-
ments have taken place at approximately every 4-5 years
since baseline. The accelerometer substudy was under-
taken during the 2012-2013 wave of data collection for
the 4880 participants seen at the London clinic or living
in the South-Eastern regions of England who underwent
clinical examinations at home.

Patient and public involvement
There has been no patient and public involvement in
research methods.

Accelerometer measurement

Participants without any contraindications (ie, allergies
to metal or plastic, travelling abroad in the subsequent
week) were asked to wear a research-grade triaxial accel-
erometer (GENEActiv Original; Activinsights, Kimbolton,
UK; https:/ /activinsights.com/wp-content/uploads/
2022/06/GENEActiv-Product-Information-Sheet.pdf)
on their non-dominant wrist during nine consecutive days
over 24 hours. Data were sampled at 85.7Hz, expressed
relative to gravity (1g=9.81 m/ s?) and processed using
GGIR R package24 V.2.4-1 (https://CRAN.R-project.org/
package=GGIR). Data were corrected for calibration
error® and Euclidean norm of raw accelerations minus
one with negative numbers rounded to 0 was calculated.®
Sleep periods were detected using a validated algorithm,
which was guided by sleep log.?” Data from day 2 to day 8
were retained, corresponding to seven full days. For each
day, the waking period, defined as the period between
waking and onset of sleep, was retained for the analysis.
Participants were included if accelerometer wear time
was >2/3 of the waking period for at least 2weekdays
and 2weekend days.”® Non-wear period among valid days
(accelerometer wear time >2/3 of the waking period) was
corrected based on a previously reported algorithm.*

Characteristics of accelerometer-assessed daily movement
behaviour

Based on existing literature accounting both for evidence
of associations with health and most commonly used
features, we chose a set of 13 accelerometer-derived
movement behaviour features allowing to capture the
following 6 movement behaviour dimensions: overall
activity level, total duration and* frequency, typical dura-
tion (also marker of fragmentation),”™ activity intensity
distribution' and timing of PA.*' ** Table 1 describes
which features represent each of the dimension. For each
participant, all features were derived over each waking
period and averaged over 7days. For those with <7 valid
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Table 1

Description of features of daily movement behaviours

Dimension

Feature

Description

Overall activity
level

Total duration

Frequency

Typical duration

Activity intensity
distribution

Timing

Average acceleration
in mg

Total duration of SB
Total duration of LIPA
Total duration of MVPA
in minutes per day

Number of sedentary bouts
Number of LIPA bouts
Number of MVPA bouts

Mean duration of sedentary bouts
Mean duration of LIPA bouts
Mean duration of MVPA bouts

in minutes

Intensity constant
Intensity gradient

Timing of the most active 5hours
in hours

Average acceleration during the waking period, which is a global
metric for overall activity level.

Total durations of SB, LIPA and MVPA corresponded to the total
time during waking period with average acceleration over 60s epoch
length*<40mg, 40-99 mg and >100 mg, respectively.

Number of boutst (episodes) of uninterrupted time spent in the
specific movement behaviour. This is a measure of fragmentation of
total daily duration of movement behaviour.

Average length of bout duration for each of the movement behaviour
computed as the total daily duration divided by daily number of
bouts. It is a marker of activity fragmentation, that is the propensity
to transition from one movement behaviour (SB, LIPA, or MVPA) to
another.*® For example, lower the mean duration of SB bouts, more
fragmented accumulation pattern of sedentary time.

Based on the linear relationship between log of intensity and log of
time in that intensity across the waking period. For example, when the
constant is lower and the gradient is less negative, time accumulated
during waking period is more evenly distributed across the intensity
spectrum.

Denotes the timing of the start of the 5hours period with the
maximum average acceleration. These periods are estimated using a
rolling 5hours window. For example, a value of 7 represents that the
most active 5 consecutive hours start at 7:00 hours until noon.

*The epoch length refers to the duration over which mean acceleration is aggregated.*’
TA bout refers to a continuous episode of a movement behaviour without interruptions. It can last between 60s (epoch length) and the

maximum duration spent in an episode of a given movement behaviour.

LIPA, light intensity physical activity; mg, milligravity; MVPA, moderate-to-vigorous physical activity; SB, sedentary behaviour.

days, a weighted average was computed using informa-
tion on the number of week and weekend days.”®

Mortality ascertainment

All-cause mortality was assessed until 28 February 2021,
through the UK national mortality register kept by
the National Health Service (NHS) Central Registry.
Tracing exercise was conducted by using each partici-
pants’ unique NHS identification number. Participants
were followed from the date of clinical examination at
2012-2013 wave until the record of death or the end of
follow-up, whichever came first.

Covariates

Covariates were assessed by questionnaire or at clinical
examination during 2012-2013 wave of data collection,
as well as from electronic health records including
Hospital Episode Statistics and the Mental Health
Services dataset. Sociodemographic variables included
sex, ethnicity, marital status, education, and last known
occupational position. Lifestyle factors consisted of
smoking status, alcohol consumption, and fruit and vege-
table consumption. Health-related factors comprised
cardiometabolic risk factors (body mass index (BMI),
hypertension, hyperlipidaemia, and diabetes) and a
morbidity index calculated as the count of the following

chronic conditions: coronary heart disease, stroke, heart
failure, cancer, arthritis, chronic obstructive pulmonary
disease, depression, Parkinson disease, and dementia.
Details on covariates are provided in online supple-
mental eMethods.

Statistical analysis

Profiles of accelerometer-assessed features were identified
using the k-means clustering algorithm.” ** As compared
with other clustering techniques, k-means allows for parti-
tioning participants into knon-nested and exclusive groups.*
Given its low complexity, ability in handling large dataset,
and fast calculation, k-means is one of the most widely used
technique in clustering.”® Clustering was performed so that
participants within a specific group are as similar as possible
(high intraclass similarity) and participants within one group
are as dissimilar as possible to the participants in other groups
(low interclass similarity) 2 All 13 features were standardised
(mean=0, SD=1) and included in the k-means algorithm.31
To choose the appropriate number of profiles, a range of
possible solutions was first determined using the elbow
method™ and gap statistic method (online supplemental
eMethods)™ as selection criteria. The degree of similarity
within a group (within-cluster sum of squares) and dissimi-
larity between groups (between-cluster sum of squares) were
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Figure 1

Mean standardized score

Mean standardised values of 13 features of daily movement behaviour by profile. Mean value of 0 corresponds to

the average observed value in the study population (mean and SD in the study population are displayed in table 2). Positive
values represent higher acceleration, higher total duration in SB, LIPA and MVPA, higher number of bouts, higher mean
duration of bouts, higher intensity gradient, higher intensity constant, and later timing of activity. LIPA, light intensity physical
activity; MVPA, moderate-to-vigorous physical activity; SB, sedentary behaviour.

assessed for the different identified profile sizes. In order to
describe and name each profile, we examined the mean stan-
dardised movement behaviour features within each group.
Each variable was interpreted in relative terms by comparing
to the mean of the said feature; this follows the established
trend by prior research.'”

A one-way analysis of variance (ANOVA) test
was conducted to assess the mean differences in
accelerometer-assessed features across the identified
profiles. If the differences between profiles were signif-
icant, a Tukey post hoc test was performed to determine
pairwise mean differences between each profile.

Cox proportional hazard model was then used to esti-
mate the HRs and 95% ClIs for the association of each
of the 13 movement behaviour features (in exploratory
analysis) and of profiles of movement behaviour (main
analysis) with risk of all-cause mortality. The proportion-
ality assumption was assessed using Schoenfeld’s test.
Analyses were first adjusted for age (used as timescale)
and sociodemographic risk factors, then further adjusted
for lifestyle factors and finally for health-related factors.
Interaction between each of the profiles with age (contin-
uous), sex, obesity (BMI<30kg/m? and >30kg/m?) and
morbidity (0 and >1 disease) were also tested. The main
analysis was conducted with the profile with the highest
overall activity level as the reference. In order to compare
risks between all profiles, fully adjusted models were then
repeated using each profile as the reference group. In
a sensitivity analysis, deaths occurring within the first 2
years of follow-up were excluded to examine potential
reverse causation. All analyses were undertaken using
STATA statistical software V.15 (StataCorp) and R V.3.6.1
(https:/ /www.r-project.org) for cluster analysis. For all
tests reported in the results section, a two-sided p<0.05
was considered as statistically significant.

RESULTS

Of the 6308 participants in the 2012-2013 wave, 4880
were invited to participate in the accelerometer substudy,
4492 agreed, and 4008 returned the devices with valid
data (accelerometer wear time >2/3 of the waking period
for at least 2weekdays and 2weekend days). Excluding
those with missing covariates (N=17) led to an analyt
ical sample of 3991 participants (online supplemental
eFigure 1). Compared with participants included in the
analysis (N=3991), those excluded (N=889) were more
likely to be younger and have higher education (online
supplemental eTable 1). Among the 3991 study partici-
pants, 410 deaths were recorded over a mean follow-up
of 8.1 (SD=1.3) years.

In exploratory analysis examining the association between
each of the 13 movement behaviour features with mortality
risk, we found all features, except timing of the most active
5hours, to be associated with mortality risk in models
adjusted for sociodemographic factors. These associations
remained in models further adjusted for lifestyle and health-
related factors (all p<0.02), except that of the mean duration
of LIPA (online supplemental eTable 2). The moderate to
high correlation between each feature (online supplemental
eTable 3), apart from ‘timing of the most active 5hours’ and
‘number of MVPA bouts’, motivated us to move forward to
derive profiles of movement behaviour to account for the
dependency between the features.

The optimal number of profiles ranged from 3 to 5
according to the selection criteria (online supplemental
eFigure 2). The b5-profile solution had the minimum
within-cluster sum of squares and the maximum between-
cluster sum of squares (online supplemental eTable 4)
and provided meaningfully distinct profiles and was
selected as the optimal number of profiles.
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Table 2 Characterisation of the five identified profiles of daily movement behaviours

Daily movement behaviour profiles

Overall Active Active sitters  Light movers Prolonged sitters Most sedentary
Daily movement behaviour features (N=3991) (N=726) (N=890) (N=1033) (N=1040) (N=302)
Overall activity level
Average acceleration (mg) 31.8(9.7) 449 (7.6)* 35.2 (7.6)* 31.7 (3.1)* 24.1 (2.6)* 17.2 (2.8)*

Total duration (min/day)
Total duration of SB (min/day)

717.9 (100.1)

585.8 (60.7)*

711.8 (62.0)*

696.7 (54.1)*

790.7 (56.4)*

875.2 (69.2)"

Total duration of LIPA (min/day) 210.3 (69.1) 297.2 (49.3)* 189.6 (33.2) 248.8 (35.4)* 162.1 (30.8)" 96.6 (33.0)"

Total duration of MVPA (min/day) 56.1(38.6) 103.6 (35.8)* 79.7 (29.1)*  44.2 (16.5)* 28.4 (13.1)* 8.2 (6.6)"
Frequency

Number of sedentary bouts 71.8(16.0) 84.3(12.2)* 68.0(9.6)" 82.8 (11.3)* 63.4 (10.2)* 44.7 (12.9)

Number of LIPA bouts 86.0 (21.6) 112.6 (12.6) 83.1 (11.0)* 96.7 (10.9)* 70.7 (10.4)* 46.4 (13.4)

Number of MVPA bouts 23.2(13.6) 42.1(11.6)* 26.6 (9.0) 22.4(7.3) 13.5 (5.5) 4.5 (3.1)"
Typical duration

Mean duration of sedentary bouts (min) 11.5 (5.9) 7.3 (1.3)* 11.2 2.2)* 8.9 (1.4)* 13.5 (2.8)* 24.4 (12.7)*

Mean duration of LIPA bouts (min) 2.4 (0.4) 2.6 (0.4)* 23(0.3)t+t§ 2.6(0.3)" 23(0.3)tt§ 2.0 (0.3)*

Mean duration of MVPA bouts (min) 2.3(0.9) 2.5 (0.6)" 3.2 (1.1) 1.9 (0.4)* 2.0 (0.6)* 1.4 (0.9)*
Activity intensity distribution

Intensity constant 12.4 (0.7) 12.0 (0.4)* 11.7 (0.5)* 12.6 (0.3)* 12.7 (0.4)* 13.4 (0.5)

Intensity gradient -2.10 (0.20) -1.91(0.12)* -1.88 (0.13)* -2.13(0.10)* -2.21 (0.12)* —-2.49 (0.18)*
Timing

Timing of the most-active 5hours 10.2 (1.6) 104 (1.7) 10.3 (1.7)9 10.2 (1.5) 10.1 (1.5)1 ** 10.2 (1.9)

Values are mean (SD).

*Indicates significant difference from all other profiles in pairwise comparison.

TIndicates significant difference from active.
FIndicates significant difference from light movers.
§Indicates significant difference from most sedentary.
flindicates significant difference from prolonged sitters.
**Indicates significant difference from active sitters.

LIPA, light intensity physical activity; MVPA, moderate-to-vigorous physical activity; SB, sedentary behaviour.

Figure 1 presents the standardised values for the 13
features for each of the 5 profiles (numbers displayed in
online supplemental eTable 5). The retained profiles were
named: active, active sitters, light movers, prolonged sitters,
and most sedentary. Table 2 presents the mean of the 13
features for each of the 5 profiles. ‘Active’ (N=726 (18.2%
of the total sample)) profile was characterised by the lowest
total duration and most fragmented SB (as denoted by
shorter and more frequent sedentary bouts), coupled with
the highest overall activity and total duration of LIPA and
MVPA, compared with other profiles. ‘Active sitters’ (890
(22.3%)) had longer MVPA bouts and a more uniformly
distributed time across the intensity spectrum, compared
with other profiles but also had higher SB duration and
less frequently interrupted SB than ‘active’ profile. ‘Light
movers’ (1033 (25.9%)) spent more time in LIPA and less in
SB but had worse MVPA attributes as compared with partic-
ipants from the ‘active’ profile. ‘Prolonged sitters’ (1040
(26.1%)) had the second-worst scores for all characteristics
defining SB and had more interruptions of SB than the worst
profile, ‘most sedentary’ (302 (7.6%)), showing 10 out of
the 13 movement behaviour features being 1-SD from the

mean. All 13 movement behaviour features differed between
profiles (p<0.001 for all variables in ANOVA tests). Online
supplemental eFigure 3 shows the distribution of partici-
pants in the 5 profiles on the 2 first principal components
from a principal component analysis of the 13 features (the
description of the 2 principal components, explaining 74.7%
of the variance, is provided in online supplemental eFigure
4). This shows the increase in overall activity level from the
‘most sedentary’ to the ‘active’ profiles, with profiles ‘light
movers’ and ‘active sitters’ differing also on the way they are
active (LIPA vs MVPA).

Table 3 shows the sociodemographic, lifestyle and
health-related characteristics of each movement
behaviour profile. Participants in the ‘most sedentary’
profile were the oldest, had the highest proportion of
non-white participants, were more likely to be single, from
lower occupational position, smokers, and had the worst
cardiometabolic and morbidity profile, as compared with
other profiles (p<0.001). Compared with ‘prolonged
sitters’, ‘light movers’ tended to be younger, women,
had better diet, and a better cardiometabolic profile
(p<0.001). ‘Most sedentary’ profile had the highest
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Table 3 Baseline characteristics by profiles of daily movement behaviours

Daily movement behaviour profiles

Overall Active Active sitters Light movers Prolonged sitters Most sedentary

(N=3991) (N=726) (N=890) (N=1033) (N=1040) (N=302)
Age (years), M (SD) 69.4(5.7) 675(4.8"tf 67248 T 69.8 (5.6)§ 71.0 (5.8)§ 73.6 (5.6)§
Women 1030 (25.8) 214 (29.591+  135(15. 2)§ 336 (32.5) 1 250 (24.0)§ 95 (31.5)9 T
Non-white 295 (7.4) 42 5.8)t £ 39 4.4t 737NN+ 95 (9.1 )§ 46 (15.2)§
Married/cohabitating 2981 (74.7) 561 (77.3) 682 (76. ):t 792 (76.7)1f 764 (73.5) 182 (60.3)§
Higher education 1238 (31.0) 219 (30.2)1 344 (38.7)§ 280 (27.1) 318 (30.6)1 77 (25.5)9
Low occupational position 2013 (50.9) 370 (51 0 377 (42.4)8 562 54.4)1+ 538 (51.7)1 184 (60.9)§
Recent-ex/current smokers 221 (5.5) 94.0t ¢ 41 (4.6)t £ 50 (4.8)1 £ 67 (6.4) ﬂ :I: 34 (11.3)§
>14 units of alcohol per week 925 (23.2) 198 (27 3"t 232 (26.1)t ¥ 233 (22. 6)** 221 (21.3)* 41 (13.6)§
Daily fruit and vegetable intake 3165 (79.3) 585 (80.6)t 743 (83.5)* T 824 (79.9)1 786 (75.6) 9 227 (75.2)1]
Body mass index >30kg/m? 723 (18.1) 63 (8.7)§ 108 (12.1)§ 191 (1 8.5)§ 260 (25.0)8 101 (33.4)§
Hypertension 2066 (51.8) 287 (39.5" T+ 387 (43.5" T 525 (50.8)§ 649 (62.4)§ 218 (72.2)§
Hyperlipidaemia 2021 (50.6) 308 (42.4)*t 1 403 (45.9)" t 540 (52.3)* 1+ 588 (56.5) 182 (60.3)** 1|
Diabetes 514 (12.9) 49 6.8)" Tt 68 (7.6)" T 130 (12.6)§ 195 (18.8)* 1 72 (23.8)**

1%

Morbidity index, M (SD)Tt 0.5 (0.8) 0.4 (0.6)§ 0.4 (0.6)§ 06(0.8™ 1M+ 0608”1t 0.9 (0.9)§
Number of deaths 410 (10.3) 31 4.3) "t 57 6.4)*t+ 105(10.2* % 126 (12.1)™ 9+ 91 (30.1)§

Values are N (column %), unless otherwise stated.
*Indicates significant difference from light movers.
TIndicates significant difference from prolonged sitters.
FIndicates significant difference from most sedentary.

§Indicates significant difference from all other profiles in pairwise comparison.

{lindicates significant difference from active sitters.
**Indicates significant difference from active.

TtNumber of chronic conditions among coronary heart disease, stroke, heart failure, cancer, arthritis, chronic obstructive pulmonary

disease, depression, Parkinson disease and dementia.
M, mean.

proportion of deaths (30.1%), followed by ‘prolonged
sitters” (12.1%), ‘light movers’ (10.2%), ‘active sitters’
(6.4%) and ‘active’ (4.3%) (p<0.001).

There was no evidence of effect modification by age,
sex, obesity, or morbidity status (p=0.13 for all interac-
tions) so analyses were conducted in the full study sample.
The proportional hazards assumption was not violated
(p=0.42). Table 4 shows the association between the 5

profiles of movement behaviour and all-cause mortality
sequentially adjusted for sociodemographic, lifestyle and
health-related risk factors. In the fully adjusted model,
compared with the ‘active’ profile, other profiles were
associated with a higher risk of all-cause mortality risk
with increasing risk from the most to less active profiles.
HRs (95% CIs) were 1.57 (1.01 to 2.44; p=0.04) for ‘active
sitters’, 1.75 (1.17 to 2.63; p=0.01) for ‘light movers’, 1.67

Table 4 Association between profiles of daily movement behaviours and all-cause mortality (N total=3991, N cases=410,

mean follow-up (SD)=8.1 (1.3) years)

HR (95% CI)

Model adjusted for

Additionally adjusted for Additionally adjusted for

Profiles N cases/N total sociodemographic factors* lifestyle factorst health-related factorst
Active 31/726 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Active sitters 57/890 1.54 (1.00 to 2.40) 1.55 (1.00 to 2.41) 1.57 (1.01 to 2.44)
Light movers 105/1033 1.76 (1.18 to 2.64) 1.76 (1.18 to0 2.63) 1.75 (1.17 to 2.63)
Prolonged sitters 126/1040 1.76 (1.18 to0 2.62) 1.69 (1.14 to 2.53) 1.67 (1.11 to 2.51)
Most sedentary 91/302 3.58 (2.35 to 5.45) 3.43 (2.25 to 5.24) 3.25 (2.10 t0 5.02)

*Models adjusted for age (time-scale), sex, ethnicity, marital status, education and last occupational position.
TModels additionally adjusted for smoking status, alcohol consumption, and fruit and vegetable consumption.
FModels additionally adjusted for body mass index, hypertension, hyperlipidaemia, diabetes and morbidity index.
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(1.11 to 2.51; p=0.01) for ‘prolonged sitters’ and 3.25
(2.10 to 5.02; p<0.001) for the ‘most sedentary’ profile.

In fully adjusted models with different reference catego-
ries (online supplemental eTable 6), the risk of mortality
was the greatest among the ‘most sedentary’ profile while
no differences were seen between ‘active sitters’, ‘light
movers’ and ‘prolonged sitters’. In the sensitivity analysis,
excluding deaths within the first 2 years (N=45) showed
broadly similar results (online supplemental eTable
7), although the association with ‘active sitters’ was no
longer significant in the fully adjusted model (1.47 (95%
CI: 0.93 to 2.33; p=0.10)).

DISCUSSION

In this longitudinal study of 3991 British older adults
followed for more than 8 years, 5 distinct movement
behaviour profiles were identified from 13 accelerometer-
derived variables characterising overall activity level,
total duration, frequency, typical duration, activity inten-
sity distribution, and timing of wake-time movement
behaviour using k-means cluster analysis. The identi-
fied profiles were ‘active’, ‘active sitters’, ‘light movers’,
‘prolonged sitters’, and ‘most sedentary’. The ‘active’
profile had the lowest duration and most fragmented
accumulation pattern of sedentary time, and the highest
duration of PA compared with the other four profiles.
Independent of sociodemographic, lifestyle, and health-
related factors, we observed a non-linear increase of
all-cause mortality risk across the profile levels moving
from the healthiest, ‘active’, to the worst, ‘most seden-
tary’, profiles. Compared with participants in the ‘active’
profile, ‘light movers’ and ‘prolonged sitters’ had a
similar 70% higher mortality risk while a threefold higher
risk was found among ‘most sedentary’.

Up until recently, most studies examined profiles based
on a priori categorisation of 1 or 2 dimensions of movement
behaviours such as duration and/or fragmentation.17 % A
recent study on 2021 older adults identified PA phenotypes
using distributional representations of time in accelerometer-
derived activity intensity; however, the clinical phenotypes
were based on the single dimension of total duration of
movement behaviours without consideration for any other
dimension.” To the best of our knowledge, one previous
study in a sample population of 851 participants (mean
age=b3 years) followed up over 15 years aimed to identify
mutually exclusive profiles of 14 accelerometer-derived vari-
ables—covering dimensions of total and variation of time
in SB, LIPA, and MVPA across days of the week, time in SB
and MVPA bouts, and overall activity level— and investigated
their association with mortality."” That study derived 3 profiles
and found that compared with the ‘low active’ profile, the
‘average’ and ‘high active’ profiles were associated with lower
mortality risk.'” Contrarily to the present findings, they found
no difference in mortality risk between the latter 2 profiles.'®
Another approach found in the literature focuses on a priori
combinations of time in MVPA and time in SB. A meta-
analysis of such accelerometer-based studies examined their
association with mortality risk and reported that the highest

risk was among those with lowest time in MVPA and highest
time in SB, with intermediate risk in those with lowest time
in MVPA and low/intermediate time in SB, or intermediate
time in MVPA and highest time in SB.'" In the present study,
using 13 accelerometer-derived features covering 6 dimen-
sions of movement behaviour, we identified 5 profiles of
movement behaviour among older adults, the ‘active’ profile
showing the lowest risk of mortality, the ‘most sedentary’ the
highest and the three others intermediate risk.

In our study, the profiles of ‘light movers’ and
‘prolonged sitters’ have similar risk for mortality. The
largest differences between these 2 groups were for SB
and LIPA characteristics. ‘Light movers’ had lower SB
than ‘prolonged sitters’ and the second-best LIPA param-
eters. Interventions among older adults are conducted
wherein engagement in LIPA has been proposed as an
alternative for MVPA, especially for the most sedentary
group given that LIPA might be easier to initiate for
this group.37 Recent studies also suggest that replacing
SB with LIPA might be beneficial in reducing mortality
risk for older adults.”® This has been reflected in the
recent WHO 2020 guidelines on PA and SB which recom-
mend replacing sedentary time with PA of any intensity,
including LIPA.» However, findings from the present
study suggest that a balanced approach with regard to
LIPA and MVPA might be seen as a final target.

When comparing to the ‘most sedentary’ profile, we
found that ‘prolonged sitters’ profile was associated with
51% lower mortality risk. The major differences between
these profiles were the high absolute duration of SB
among the ‘most sedentary’ profile and the least frag-
mented SB throughout the day. This is somewhat in line
with an earlier study examining the day-to-day variations
in characteristics of SB duration and bouts, separately,
which observed a higher mortality risk in the category
with the highest percentage of prolonged (>30min)
sedentary bouts as compared with other 6 categories
with gradually lower percentage of prolonged sedentary
bouts over days of the week.” Interestingly, the main
differences between the 2 most active profiles, ‘active’
and ‘active sitters’, were also the total time in SB and the
way SB and PA accumulate (both in terms of frequency
and mean duration of bouts). We found that participants
with ‘active’ profile had lower mortality risk than ‘active
sitters’, highlighting the importance of these characteris-
tics also in the most active population.

Strengths and limitations

Our study has several strengths. Movement behaviour
features were assessed objectively, and the profiles
were derived using a robust analytical method. We
also considered an extensive range of dimensions,
unlike previous studies. This study controlled for a
wide range of risk factors, such as diabetes and multi-
morbidity, which were ascertained using various
objective sources such as clinical examinations and
record linkage data.
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This study has also limitations. Wristworn accelerome-
ters might not capture adequately some types of activities,
such as cycling or carrying groceries while walking."' They
do not provide information on posture and cannot distin-
guish between sitting and ‘passive’ standing positions which
could lead to misclassification between SB and inactivity.42
However, wrist accelerometers have been found to classify
movement behaviours based on metabolic intensity with
accuracy.” The Whitehall II study was originally an occupa-
tional cohort wherein the participants were healthier than
the general population, however, it has previously been
shown that the associations of various cardiovascular risk
factors, including PA, with incident cardiovascular disease
from this cohort were similar to that of other general popu-
lation cohorts.** The ethnic distribution in the study reflects
the UK population 30 years ago, and the study lacks suffi-
cient numbers to allow analyses for specific minority groups.
Replication studies across cultures are required to account
for differences in healthcare systems and lifestyle preferences
to better assess the generalisability of our findings. Finally,
data on socioeconomic and lifestyle covariates such as dietary
intake and smoking status were selfreported and recall and
social desirability biases might not be excluded.”

CONCLUSIONS

The present study highlights that not just the total duration
in activity levels, but also other characteristics—such as the
manner in which SB and PA accumulate throughout the
day and are distributed—are essential parts of an individu-
al’s movement behaviour profile. Among older adults, we
identified the ‘most sedentary’ profile as having the greatest
mortality risk. This group constitutes a high-risk category,
warranting interventions that specifically address their
needs. In contrast, the ‘active’ group had the lowest risk,
it was characterised by <10hours of SB, around 5hours of
LIPA and >1 hour 30 min of MVPA per day, but also by more
fragmented SB with the mean duration of SB bout lasting
<10min, and a well-balanced distribution of activity over the
intensity spectrum. Considering that approximately one-fifth
of older adults in the present study exhibited this ‘active’
profile, demonstrating achievability, public health initiatives
should emulate this as the ultimate target.
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eMETHODS

Covariates

Covariates were assessed by questionnaire or at clinical examination during 2012-2013 wave of data
collection, as well as from electronic health records including HES and the Mental Health Services
dataset. Sociodemographic variables consisted of sex, ethnicity (white, non-white), marital status
(married/cohabitating, divorced/widowed/single), education (<primary school, lower secondary,
higher secondary school, university, higher degree; treated as a continuous variable), and last known
occupational position (high, intermediate, low). Lifestyle factors consisted of fruit and vegetable
consumption (less than once daily, once daily, more than once daily), smoking status (current and
recent ex-(less than 5 years) smokers, long term ex-smokers, never smokers), and alcohol consumption
(0, 1-14, >14 units per week). Health-related factors comprised cardiometabolic factors and a
morbidity index. Cardiometabolic factors included body mass index (BMI; categorized as <24.9, 25-
29.9 and >30kg/m?2), prevalent diabetes (fasting glucose >7.0 mmol/1 or self-reported doctor diagnosis
or use of diabetes medication or hospitalizations ascertained through record linkage to HES (ICD-9
codes 250 or ICD-10 code E11), hypertension (systolic/diastolic blood pressure >140/90 mmHg or use
of antihypertensive drugs), and hyperlipidaemia (low-density lipoproteins (LDL) >4.1 mmol/l or use
of lipid-lowering drugs). A morbidity index was calculated as the number of the following chronic
conditions: coronary heart disease, stroke, heart failure, cancer, arthritis, chronic obstructive

pulmonary disease, depression, Parkinson disease, and dementia.
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Determination of the range of possible number of profiles and software/package used for the
analysis

The user must specify the number of profiles (k) in the k-means clustering approach. It is
recommended to combine the findings of many procedures rather than relying on a single rule to
determine the number of profiles (clusters).! As a result, two different indices were utilized to

determine the appropriate range of number of clusters to be examined.

A) The Elbow method selects the number of clusters to be such that adding an additional cluster does

not significantly reduce the within-group sum of squares, which quantifies the degree to which items
within a cluster are similar, representing a trade-off between a reasonable number of clusters and

clustering quality.

B) Gap statistic compares the clusters created from the observed data and clusters created from a
randomly generated dataset, known as the reference dataset. For a given k, the gap statistic is the
difference in the total within-cluster variance for the observed data and that of the reference dataset.

The optimal number of clusters is denoted by the value of k that yields top the largest gap statistic.?

Cluster analysis was undertaken in R (version 3.6.1, http://www.r-project.org/) using the kmeans()

function with 25 different random starting assignments (nstart = 25). The Elbow method, and gap
statistic tests were performed using the fviz_nbclust() function of the factoextra package of R (version

1.0.7, https://CRAN.R-project.org/package=factoextra). Tukey tests for multiple means comparison

were performed using the cld() function from the multicomp package (version 1.4-16, https://cran.r-

project.org/web/packages/multcomp/multcomp.pdf).

References

1. Everitt BS, Landau S, Leese M, et al. Cluster analysis 5th ed: John Wiley, 2011.

2. Tibshirani R, Walther G, Hastie T. Estimating the number of clusters in a data set via the gap
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SUPPLEMENTARY TABLES

eTable 1 Characteristics of participants included and excluded from the analysis

Included in the study sample

Characteristics Ne Yes P value
(N=889) (N=3991)

N (row %) 889 (18.2) 3991 (81.8)

Age (years), M (SD) 68.9 (5.6) 69.4 (5.7) 0.03
Women 298 (33.5) 1030 (25.8) <0.001
Non-white 93 (10.5) 395 (7.4) <0.01
Married/cohabitating 654 (73.6) 2981 (74.7) 0.49
University or higher degree 325 (36.6) 1238 (31.0) <0.01
Low occupational position 443 (49.8) 2031 (50.9) 0.57

Values are N (column %), unless otherwise stated.

Abbreviations: M, mean; SD, standard deviation.
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eTable 2 Association between each feature of daily movement behaviour and all-cause mortality (N total =3991, N cases =410, mean follow-up (standard

deviation) = 8.1 (1.3) years)

Hazard ratio (95 % confidence interval)

Daily movement behaviour features

Model adjusted for

sociodemographic factors*

Additionally adjusted for

lifestyle factorst

Additionally adjusted for
health-related factorsi

Average acceleration (mg)

Total duration of SB (min/day)

Total duration of LIPA (min/day)
Total duration of MVPA (min/day)
Number of sedentary bouts

Number of LIPA bouts

Number of MVPA bouts

Mean duration of sedentary bouts (min)
Mean duration of LIPA bouts (min)
Mean duration of MVPA bouts (min)
Intensity constant

Intensity gradient

Timing of the most active Sh window (h)

0.967 (0.955 to 0.979)
1.002 (1.001 to 1.003)
0.997 (0.995 to 0.998)
0.991 (0.987 to 0.994)
0.988 (0.982 to 0.993)
0.989 (0.984 to 0.993)
0.976 (0.967 to 0.985)
1.022 (1.013 to 1.031)
0.753 (0.582 to 0.974)
0.786 (0.685 to 0.901)
1.491 (1.279 to 1.739)
0.28 (0.184 to 0.426)
0.989 (0.930 to 1.052)

0.969 (0.957 to 0.982)
1.002 (1.001 to 1.003)
0.997 (0.996 to 0.999)
0.991 (0.988 to 0.995)
0.989 (0.983 to 0.995)
0.99 (0.985 to 0.994)
0.978 (0.969 to 0.987)
1.019 (1.010 to 1.028)
0.776 (0.601 to 1.002)
0.814 (0.712 to 0.932)
1.434 (1.230 to 1.672)
0.316 (0.207 to 0.482)
0.982 (0.924 to 1.045)

0.972 (0.959 to 0.985)
1.002 (1.001 to 1.003)
0.997 (0.996 to 0.999)
0.992 (0.989 to 0.996)
0.99 (0.985 to 0.996)
0.991 (0.986 to 0.995)
0.98 (0.971 to 0.990)
1.017 (1.008 to 1.026)
0.797 (0.618 to 1.028)
0.848 (0.742 to 0.969)
1.38 (1.177 to 1.618)
0.353 (0.227 to 0.550)
0.981 (0.922 to 1.044)

*Models adjusted for age (timescale), sex, ethnicity, marital status, education, and last occupational position.
tModels additionally adjusted for smoking status, alcohol consumption, and fruit and vegetable consumption.
iModels additionally adjusted for body mass index, hypertension, hyperlipidaemia, diabetes, and morbidity index.
Abbreviations: LIPA, light intensity physical activity; MVPA, moderate-to-vigorous activity; SB, sedentary behaviour.
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eTable 3 Correlation matrix of 13 features of daily movement behaviours

(1] (2] (3] (4] (5] (6] [7] (8] (91 (o] [1r1]  [12] [13]
[1] Average acceleration 1.00
[2] Total duration of SB -0.81 1.00
[3] Total duration of LIPA 0.71 -0.78 1.00
[4] Total duration of MVPA 0.89 -0.66 048 1.00
[5] Number of sedentary bouts -0.58 0.63 -0.71 -0.40 1.00
[6] Number of LIPA bouts 0.35 -054 0.72 0.12 -0.37 1.00
[7] Number of MVPA bouts 040 -0.17 -0.02 054 -0.12 -0.10 1.00
[8] Mean duration of sedentary bouts 0.51 -0.51 0.78 027 -0.78 0.28 -0.03 1.00
[9] Mean duration of LIPA bouts 075 -072 090 0.58 -0.79 0.38 0.05 091 1.00
[10] Mean duration of MVPA bouts 0.84 -0.73 065 089 -049 0.25 020 041 073 1.00
[11] Intensity constant 075 -059 041 0.77 -0.50 0.18 0.62 029 049 065 1.00
[12] Intensity gradient -0.64 048 -0.22 -0.67 034 -0.06 -0.65 -0.13 -0.29 -0.50 -0.97 1.00
[13] Timing of the most active Sh window 0.05 -0.04 0.02 0.04 -0.01 -0.04 0.02 0.05 004 0.03 0.03 -0.04 1.00

Abbreviations: LIPA, light intensity physical activity; MVPA, moderate-to-vigorous physical activity; SB, sedentary behaviour.
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eTable 4 Parameters assessing the variability of participants within and between clusters for different

profiles

Total within cluster sum of Between clusters sum of
Number of profiles %
squares squarest
3 24909.46 27181.54
4 28539.43 23551.57
5 22564.41 29526.59

* The distance between participants within the same profile, with a lower value (favourable) indicating
that participants are similar within the assigned profile.

TThe distance between cluster, with a higher value (favourable) indicating that participants from
different profiles are dissimilar.
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eTable 5 Standardized values of movement behaviour variables by profiles

Daily movement behaviour features

Active
(N =726)

Active sitters
(N = 890)

Light movers
(N =1033)

Prolonged sitters

(N =1040)

Most sedentary

(N=302)

Average acceleration (mg)

Total duration of SB (min/day)

Total duration of LIPA (min/day)
Total duration of MVPA (min/day)
Number of sedentary bouts

Number of LIPA bouts

Number of MVPA bouts

Mean duration of sedentary bouts (min)
Mean duration of LIPA bouts (min)
Mean duration of MVPA bouts (min)
Intensity constant

Intensity gradient

Timing of the most active Sh window (h)

1.352 (0.785)
1.320 (0.607)
1.259 (0.714)
1.232 (0.930)
0.778 (0.760)
1.232 (0.582)
1.389 (0.854)
0.709 (0.212)
0.650 (0.990)
0.189 (0.657)
0.794 (0.545)
0.585 (0.675)
0.082 (1.046)

0.353 (0.780)
0.062 (0.619)
-0.297 (0.478)
0.614 (0.755)
-0.239 (0.600)
-0.131 (0.509)
0.248 (0.667)
0.052 (0.374)
-0.355 (0.741)
0.957 (1.244)
0.918 (0.602)
1.010 (0.778)
0.069 (1.032)

-0.008 (0.318)
0.211 (0.540)
0.555 (0.513)
-0.309 (0.429)
0.682 (0.705)
0.493 (0.502)
-0.060 (0.542)
0.441 (0.233)
0.474 (0.876)
-0.393 (0.425)
-0.225 (0.461)
-0.369 (0.512)
-0.030 (0.939)

-0.800 (0.272)
-0.729 (0.562)
-0.698 (0.445)
0.718 (0.34)
-0.523 (0.636)
-0.706 (0.48)
-0.721 (0.405)
-0.343 (0.48)
-0.336 (0.816)
-0.288 (0.668)
-0.566 (0.573)
-0.466 (0.649)
-0.090 (0.941)

-1.513 (0.293)
-1.568 (0.691)
-1.645 (0.478)
-1.242 (0.170)
-1.695 (0.807)
-1.831 (0.619)
-1.381 (0.232)
2.186 (2.159)
20.978 (0.911)
-0.937 (0.998)
-1.894 (0.845)
-1.517 (0.806)
0.013 (1.152)

Data are mean and standard deviation of standardized values. Mean value of 0 corresponds to the average observed value in the study population. Positive
values represent higher acceleration, highertotal duration in SB, LIPA and MVPA, higher number of bouts, higher mean duration of bouts, higher intensity

gradient, higher intensity constant, and later timing of activity.

Abbreviations: LIPA, light intensity physical activity; MVPA, moderate-to-vigorous activity; SB, sedentary behaviour.
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eTable 6 Association between profiles of movement behaviours and all-cause mortality, with different reference categories (N total = 3991, N cases =410,
mean follow-up (SD) = 8.1 (1.3) years)

Hazard ratio (95 % confidence interval) *

Profiles Reference: Active sitters Reference: Light movers  Reference: Prolonged sitters Reference: Most sedentary
Active 0.64 (0.41 to 0.99) 0.57 (0.38 to 0.86) 0.60 (0.40 to 0.90) 0.31 (0.20 to 0.48)
Active sitters 1.00 [Reference] 0.90 (0.64 to 1.25) 0.94 (0.68 to 1.31) 0.48 (0.34 to 0.70)
Light movers 1.12 (0.80 to 1.56) 1.00 [Reference] 1.05 (0.81 to 1.37) 0.54 (0.40 t0 0.73)
Prolonged sitters 1.06 (0.77 to 1.48) 0.95 (0.73 to 1.24) 1.00 [Reference] 0.51 (0.39 to 0.68)
Most sedentary 2.07 (1.44 t0 2.97) 1.85 (1.37 to 2.50) 1.95 (1.47 to 2.57) 1.00 [Reference]

*All models adjusted forage (time-scale), sex, ethnicity, marital status, education, last occupational position, smoking status, alcohol consumption, fruit and
vegetable consumption, body mass index, hypertension, hyperlipidaemia, diabetes, and morbidity index.
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eTable 7 Association between profiles of movement behaviours and all-cause mortality using 2-year washout period (N total = 3946, N cases = 365, mean
follow-up (SD) =6.2 (1.04) years)

Hazard ratio (95 % confidence interval)

Model adjusted for Additionally adjusted for Additionally adjusted for
Profiles N cases/N total sociodemographic factors* lifestyle factorst health-related factorsi
Active 29/724 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Active sitters 50/883 1.46 (0.92 to 2.30) 1.46 (0.92 to 2.31) 1.47 (0.93 to 2.33)
Light movers 93/1021 1.71 (1.12 to 2.60) 1.70 (1.12 to 2.59) 1.69 (1.11 to 2.58)
Prolonged sitters 112/1026 1.72 (1.13 to 2.60) 1.66 (1.10 to 2.52) 1.62 (1.06 to 2.47)
Most sedentary 81/292 3.60 (2.32 to 5.58) 3.49 (2.24 to 5.42) 3.25 (2.06 to 5.13)

*Models adjusted for age (time-scale), sex, ethnicity, marital status, education, and last occupational position.
tModels additionally adjusted for smoking status, alcohol consumption, and fruit and vegetable consumption.

IModels additionally adjusted for body mass index, hypertension, hyperlipidaemia, diabetes, and morbidity index.
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SUPPLEMENTARY FIGURES

eFigure 1 Participant flow chart

Study wave 2012-2013,
N=6308

Not invited to accelerometer sub-study

A4

I due to their place of residence, N=1428

Invited to accelerometer
sub-study, N=4880

A4

Did not consent, N=388

A

Consented, N=4492 Had contraindications, N=210
Allergy to plastic or metal (n=40)
Travelling abroad (n=168)

Other reasons (strap too short,

No contraindications,

cognitive impairment) (n=2
N=4282 £ i ) (072)

Accelerometers lost in the post, N=15

Returned accelerometers,

N=4267 Invalid data, N=259

Devices had no data at all (n=68)
Devices stopped recording (n=89)

A

Valid data,* N=4008

Devices had calibration issues (n=14)

Significant non-wear time (n=88)

Missing covariates, N=17

Analysis on all-cause mortality
N=3991, Events=410

*Defined as accelerometer wear time >2/3 of waking period, for at least 2 weekdays and 2 weekend days.

11

YerramallaMS, et al. BMJ Open Sp Ex Med 2024; 10:e001873. doi: 10.1136/bmjsem-2023-001873



BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open S Ex Med

eFigure 2 Determination of the optimal number of clusters

A) Using the Elbow method
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Total Within Sum of Square
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Number of clusters k

B) Using the Gap statistic method

~-0.9757
x
0.950
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Gap statistic (

o
©
o
o

4 5 6 7 8 9 10
Number of clusters k

1 2 3

A) The Elbow method selects the number of clusters to be such that adding an additional cluster does not
significantly reduce the within-group sum of squares, which quantifies the degree to which items within a
cluster are similar, representing a trade-off between a reasonable number of clusters and clustering
quality. B) Gap statistic method compares the clusters created from the observed data and clusters created
from a randomly generated dataset, known as the reference dataset. For a given k, the gap statistic is the
difference in the total within-cluster variance for the observed data and that of the reference dataset. The
optimal number of clusters is denoted by the value of k that yields the largest gap statistic.
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eFigure 3 Visualization of the five profiles of daily movement behaviours using the initial two
principal components of the principal component analysis

Principal component 2 (18.5%)

5 10
Principal component 1 (56.2%)

* Active (N = 726)
* Active sitters (N = 890)
Profiles of daily movement behaviours e Light movers (N = 1033)
* Prolonged sitters (N = 1040)
¢ Most sedentary (N = 302)

Note: The values in parentheses comrespond to the proportion of variance explained in the dataset by each
principal component.
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eFigure 4 Loadings of movement behaviour features in the two first principal components used to describe the identified movement behaviour
clusters in eFigure 3.

Principal component 1 (56.2%) Principal component 2 (18.5%)

Overall activity level Average acceleration (mgH

Total duration of SB (min/day) 4
Total duration Total duration of LIPA (min/day) 4
Total duration of MVPA (min/day)

Number of sedentary bouts -
Frequency Number of LIPA bouts -
Number of MVPA bouts

Mean duration of sedentary bouts (min)
Typical duration Mean duration of LIPA bouts (min) =
Mean duration of MVPA bouts (min) 4

1=l
1] |

Activity intensity Intensity constant
distribution Intensity gradient
Timing Timing of the most-active 5h window (h){ | | I
T T T T T T T
-0.50 -0.25 0.00 0.25 0.50 -0.50 -0.25 0.00 0.25 0.50

Loads of accelerometer features in each principal component

Note: Features with loading absolute values above 20 (in black grey on the graph) are considered to contribute considerably to the principal. The values in
parentheses correspond to the proportion of variance explained in the dataset by each principal component.

Higher values for principal component 1 correspond to lower average acceleration, more time in SB and less in LIPA and MVPA, less number of bouts of
(in)activity, less fragmented sedentary time (as denoted by longer mean duration of sedentary bouts), higher intensity constant, and lower gradient denoting
more time in inactivity and time accumulated during waking period is less evenly distributed across the intensity spectrum.

Higher values for principal component 2 correspond to less time in LIPA and more in MVPA, less number of sedentary and LIPA bouts, more fragmented
sedentary increased number of sedentary and MVPA bouts and lower number of LIPA bouts, lower time in inactivity, and time more evenly distributed across
the intensity spectrum.

Abbreviations: PA: physical activity; SB: sedentary behaviour; MVPA: moderate-to-vigorous physical activity; LIPA: light-intensity physical activity.
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; the abstract
9 (b) Provide in the abstract an informative and balanced summary of what
10 was done and what was found
: ; Introduction
13 Background/rationale 2 Explain the scientific background and rationale for the investigation 4.5
14 being reported
}Z Objectives 3 State specific objectives, including any prespecified hypotheses 5
17 Methods
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;?) Setting 5 Describe the setting, locations, and relevant dates, including periods of 5,6,7
1 recruitment, exposure, follow-up, and data collection
22 Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection 6,9
23 of participants. Describe methods of follow-up
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23 Results .
48 Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 9, eFigurel
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50 in the study, completing follow-up, and analysed
i; (b) Give reasons for non-participation at each stage
53 (c) Consider use of a flow diagram
54 Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, 9,10
55 social) and information on exposures and potential confounders
is (b) Indicate number of participants with missing data for each variable of
58 interest
59 (c) Summarise follow-up time (eg, average and total amount)
60 Outcome data 15*  Report numbers of outcome events or summary measures over time 9
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Main results

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted
for and why they were included

(b) Report category boundaries when continuous variables were categorized

(c) If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time period

10,11,12

Other analyses

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity

analyses

Discussion

Key results

18

Summarise key results with reference to study objectives
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Limitations
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Discuss limitations of the study, taking into account sources of potential bias or

imprecision. Discuss both direction and magnitude of any potential bias

15

Interpretation

20

Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant evidence

12,13,14

Generalisability 21

Discuss the generalisability (external validity) of the study results

14,15,16

Other information

Funding

22

Give the source of funding and the role of the funders for the present study and, if

applicable, for the original study on which the present article is based

17,18

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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