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Objective measurement of sedentary behaviour using

accelerometers

B Byrom', G Stratton?, M McCarthy' and W Muehlhausen'

BACKGROUND: Sedentary behaviour (SB) is an important risk factor for a number of chronic diseases. Although gaps remain in our
knowledge of the elements of SB most associated with reduced health outcomes, measuring SB is important, especially in less
active patient populations where treatment-related changes may be seen first in changes in SB.

METHODS: We review current published work in the measurement of SB to make recommendations for SB measurement in clinical

studies.

RESULTS: To help move our understanding of the area forward, we propose a set of derived measures of SB that can be easily

understood and interpreted.

CONCLUSION: Although there is more work required to determine and validate the most clinically relevant and sensitive measures
of SB, there is enough understanding of how to measure SB to enable its inclusion in study protocols.
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INTRODUCTION

Sedentary behaviour (SB) is defined as participation in activities
such as sitting and reclining during waking hours that do not
substantially increase energy expenditure.! Recent systematic
reviews have indicated that SB is associated with increased risk of
chronic disease morbidity and mortality, often independent of
physical activity (PA).>"® Long periods of sitting are associated with
increased health risks including reduced pulmonary oxygen
uptake, reduced blood flow and nerve signalling, reduced fat
metabolism and reduced concentration.” These can lead to a
higher risk of chronic diseases including cardiovascular disease,
diabetes, kidney and liver disease. As a result, more recent
public health recommendations focus on both moderate-to-
vigorous PA and SB. Healy et al® showed that introducing
regular interruptions in sedentary time had positive health
benefits, being associated with reduced waist circumference
and body mass index and improved triglyceride and plasma
glucose profiles in a cohort of subjects from the Australian
Diabetes, Obesity and Lifestyle (AusDiab) Study. This finding,
however, has been difficult to reproduce and it is unclear
whether total sedentary time, or length of sedentary bouts, is
the more important risk factor.

MEASURING SB USING ACCELEROMETERS

Initial characterisation of SB using accelerometers has focussed on
periods of inactivity, and specifically periods of time where activity
is recorded below a defined threshold, for example, < 100 counts
per minute (c.p.m.), based on the Actigraph GT3X accelerometer
(ActiGraph, Pensacola, FL, USA).'® Accelerometer counts measure
the frequency and intensity of accelerations and decelerations,
and values are specific to each brand of monitor. Other
approaches have defined SB based on energy expenditure, such
as METs < 1.5. Neither measure, however, differentiates sitting

from quiet standing, although these are very different
physiologically."" Quiet standing is valuable to health in breaking
up periods of SB. Differentiating between standing and sitting/
lying is an important element of understanding and quantifying
SB. For this reason, activity-based thresholds have limited value:
the 100 c.p.m. threshold, for example, has been reported as only
50% accurate in detecting sedentary time in laboratory
studies.'? Triaxial accelerometers have the potential to act as
inclinometers to help identify body posture, dependent on
wear location. Accelerometers worn on the thigh (Figure 1)
provide greater ability to robustly distinguish between
standing (thigh vertical) and sitting/lying (thigh horizontal) in
comparison with the waist or the wrist. However, the ability to
accurately detect posture via other wear positions may improve
with newer devices that combine inclinometers and gyro-
scopes with accelerometers, although extensive supporting data
has yet to be reported. Differentiating between sleep and
wakeful lying is also an important consideration, although this
may be beyond the scope of many accelerometer data
algorithms.

ACCELEROMETER-DERIVED OUTCOME MEASURES

Total sedentary time accumulated may not measure all features
of SB that impact health risks. Healy et al.’ indicated that the
manner in which sedentary time is accumulated influences
health outcomes. However, defining clinically relevant SB bout
and bout-break lengths are gaps in current research
knowledge.”® In sedentary populations, small improvements in
overall health status that improve the ability and motivation to
perform modest discretionary activities may be better observed
in the number of sedentary breaks in addition to cumulative
sedentary time.
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Figure 1. Example of posture detection using a thigh-worn accelerometer: the ActivPAL (PAL Technologies, Glasgow, UK) worn under a

Tegaderm dressing providing permanent waterproof attachment for a number days without removal. (@) The ActivPAL device. (b) ActivPAL
thigh placement worn beneath a Tegaderm dressing. (c) Daily posture and activity summary from the ActivPAL device: 10 June 2015, worn by
the author (BB): sitting/lying (yellow), quiet standing (green), stepping (red).
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Figure 2. Calculating the weighted median sedentary bout length.
Sedentary bouts are ordered from shortest to longest. The weighted
median is represented by the length of the bout containing the 50%
total sedentary time-point (in this example, 31 minutes).

Tieges et al.'* reported three measures to describe SB from
accelerometer data in their study of 96 stroke patients:

1. Total sedentary time (h per day), defined as uninterrupted
periods of lying/sitting, expressed as a percentage of the
waking wear time.

2. Weighted median sedentary bout length (min)—the length of
the sedentary bout corresponding to 50% of daily accumulated
sedentary time. For example, if 10h of sedentary time is
recorded, this measure would represent the length of the bout
that contains the 5h time-point when bouts are ordered
cumulatively from smallest to largest (Figure 2).

3. Fragmentation index (/h)—the ratio of the number of
sedentary bouts divided by total sedentary time.

Because the majority of sedentary bouts are very short, the
mean is drawn towards the distribution tail and is an unreliable
average measure. The median bout, conversely, is dominated by
the large number of short bouts and has a value close to the
minimum bout duration. The weighted median, however, offers a
superior measure of centrality, which Chastin et al."® identified as
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sensitive to detecting changes in SB following interventions in
elderly volunteers and office workers.

The fragmentation index is a summary measure intended to
describe the pattern of accumulation of sedentary time.'
A higher value indicates a greater number of shorter bouts, as
opposed to a smaller number of prolonged periods. The
fragmentation index is the inverse of the mean and may have
undesirable properties—for example, the same value of 1.0 is
returned for a subject with a single 1-h sedentary bout or with
ten 1-h bouts.” While an artificial illustration, it is clear that the
fragmentation index can only be interpreted alongside total
sedentary time.

In their study of sensitivity of different derived SB outcomes
measures, Chastin et al.'® also investigated three additional
statistics:

1. Total number of sedentary bouts (/day).

2. Mean period of sedentary bouts (min), the time interval
between bouts.

3. a, the scaling parameter of the frequency distribution of bout
duration, assumed to follow a power-law model.'®

The properties of the power-law probability distribution are well
described.'” The probability density function is represented by
Equation (1), where Xu, is the minimum bout length and a is the
exponent of the distribution, or scaling parameter, which
represents the steepness at which the distribution decays from
its peak density at xmi,. A lower value of a is associated with
distributions that extend further and decay less rapidly, indicating
subjects that tend to accumulate sedentary time with a larger
proportion of longer bouts (Figure 3a).

P =512

(M

While the scaling parameter itself is difficult to interpret, under-
standable outcome measures can be derived from the power-law
distribution parameters including the median bout length
(Equation (2) and Figure 3b) and the proportion of bouts
exceeding a defined length (Equation (3)). This latter measure
may be useful in assessing progress against SB interventions such
as introducing standing breaks.
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_ 3. Number of postural transitions (lying/sitting to standing/
— x. x2V/(@=1)
X1/2 = Xmin X 2 , fora>1 (2) walking) per day, standardised to a 16 h waking wear interval.
X\ —ot The maximum bout length, while likely to be clinically
p(x>X) = ( . ) , fora>1 (3) relevant, may exhibit high intrasubject variability, which may
Xmin limit its utility. Postural transitions are difficult to estimate

Use of the scale parameter, a, and its associated explanatory using traditional inactivity measurements such as c.p.m. <100,
metrics depends on the validity of the assumed power-law  ©f METs <1.5. ) o
distribution. Chastin and Granat'® report a good fit of this Importantly, accelerometer algorithms should be optimised
distribution in their study of 126 healthy, sedentary and chronic ~ t0 detect relevant postural transitions. One pediatric study found
disease subjects, but more evidence through other data sets is  that varying the algorithm’s minimum sitting/upright period used
needed. to define transitions from 10 to 1s did not affect the measure-
Byrom and Rowe'? propose additional measures to describe SB ment of total sitting time, but did affect the number of breaks in
in clinical studies, but acknowledge that more research is needed sitting estimated.'® It concluded that a 2s minimum sitting/
to identify the most clinically relevant measures: upright period was optimal for estimation of breaks in sitting in
children. More work in larger data sets and other subject
1. Total sedentary time per day (h), standardised to a 16 h waking populations is required to provide robust recommendations, but

wear interval. it is likely that this interval can be increased in adults and more
2. Maximum sedentary bout length per day (min). sedentary patient populations. In the absence of other data, it may
a b
p(x<X)
p(x) 1

0.5

min X Xmin X172 X

Figure 3. Properties of the power-law probability distribution. (a) Effect of the scaling parameter a on the probability density function.
(b) Calculation of the median from the cumulative density function.

Table 1. Summary and recommendations of SB measures

Outcome measure Recommendation Rationale Confidence in
recommendation?®

Total sedentary time (h per day) Include Interpretable volume estimate shown to relate to chronic disease risk Green

Mean sedentary bout length (min) Exclude Unreliable average measure due to long tail of distribution of Green
sedentary bouts

Median sedentary bout length (min)  Exclude Unreliable average measure due to high frequency of very short Green
bouts

Weighted median sedentary bout Include Good measure of centrality given the distribution of bout length, ~ Amber

length (min) with good sensitivity to detect change

Total number of sedentary bouts Exclude Very similar measure to number of postural transitions Amber

per day

Fragmentation index (/h) Exclude Difficult to interpret without combining with a volume estimate Amber

Period of sedentary bouts (min) Exclude The clinically relevant length of break is unknown. Likely to be highly Amber
correlated with measures of PA such as LIPA

a Include Descriptor of the overall pattern of SB. Interpretable measures can be Red

derived such as the proportion of bouts exceeding a defined length
(e.g. 30 min). The validity of this distributional assumption should be
assessed using study data before using this end point
Maximum sedentary bout length (min) Include An understandable measure and there is some evidence that the way Red
sedentary behaviour is accumulated is related to health outcomes. It
is likely to be affected by certain interventions such as those aiming
to break up sedentary time. However, it is likely to exhibit high
intrasubject variability and may be insensitive to detecting changes
Number of postural transitions Include Likely to be sensitive to changes in electing to perform modest Red
discretionary activities

Abbreviations: LIPA, light-intensity physical activity; SB, sedentary behaviour. Green: High confidence in the recommendation based on the literature
evidence; amber: medium confidence where a number of different alternatives have been reported; red: recommendation has merit but more research and
evaluation is needed to provide a standard for future research.
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be sensible to use a value of 10 s in line with the ActivPAL default
specification."®

In this review, we have considered SB as an independent
variable. In reality, SB is a component of the sleep-SB-PA
continuum of behaviours. New compositional analysis approaches
that relate the composite of SB, light-intensity PA and moderate-
to-vigorous PA to health outcomes have shown early promise in
explaining other risk indicators,?® but these approaches have not
yet been used in any vigour.

RECOMMENDATIONS

Reviewing measures previously reported, we make preliminary
recommendations on accelerometer properties and outcome
measure selection when studying SB.

Accelerometer properties

Accelerometers should be triaxial and provide raw acceleration
data to enable postprocessing where necessary. Thigh-worn
accelerometers are recommended to enable robust estimation
of posture in addition to PA, although this may change with
improvements of algorithms associated with wrist- and waist-
worn accelerometers. The ActivPAL is currently regarded as the
gold standard for measuring SB.2" In the absence of comprehen-
sive data, we recommend postural changes to be defined using a
minimum sitting/upright period of 10s in adults.

Derived measures of SB

More research is required to determine the most clinically
relevant SB measures. To help move our understanding of the
area forward, we propose a set of derived measures that can be
easily understood, interpreted and translated into targets
(Table 1). Measures must be clinically relevant, and be able to
detect change. Chastin et al’® report Cohen d statistics, a
measure of effect size relative to baseline standard deviation, for
a number of SB measures using data from two small SB
intervention studies. These values provide an indication of the
sample size required to detect changes observed.??> While the
data sets assessed did not provide a consistent picture of
sensitivity to detecting change, Chastin et al.'> concluded the
weighted median was consistently more sensitive than total
sedentary time.

CONCLUSIONS

SB is an important risk factor for a number of chronic diseases, and
its impact may be independent of moderate-to-vigorous PA. In
sedentary populations such as the obese, treatment-related
improvements resulting in increased ability or motivation to
move around may be seen first in changes in SB as opposed to PA
measures. These may correspond to important quality-of-life
improvements.

Measuring SB is important in clinical research to develop
health guidelines and in assessing treatment effects. It is
acknowledged that more research is needed to better understand
the specific properties of SB that relate to diminished health
outcomes. This will lead to a greater ability to identify the most
clinically relevant and sensitive measures to describe SB and its
impact on health. Despite this, there is enough understanding of
how to measure SB to enable its inclusion in clinical study
protocols.
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