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1 | INTRODUCTION

Most adults spend a substantial proportion of daily waking
time in light-intensity physical activity (LIPA)' which sub-
sequently could have a large impact on health. For example,

Aim: The aim of this study was to compare the association between count- and activ-
ity type—based definitions of light-intensity physical activity (LIPA) and adiposity
markers.

Methods: A total of 516 Danish workers participated in 1-4 days of hip- and thigh-
based accelerometer measurements. Three definitions of average daily time spent in
LIPA were derived: LIPA (1) time spent between 100 and 2029 CPM, LIPA (2) time
spent moving and slow walking, and LIPA (3) time spent moving, walking slow,
and standing. Adiposity markers were body mass index (BMI), body fat percentage,
and waist circumference. The cross-sectional association between the three LIPA
definitions and adiposity markers was analyzed and interpreted using compositional
regression models followed by reallocation of time between LIPA, moderate-to-vig-
orous physical activity (MVPA), and sedentary behavior (SB), respectively.
Results: The geometric means of daily time (min/day) spent in LIPA 1, LIPA 2, and
LIPA 3 were 326, 102, and 274, respectively. We found the direction and strength
of the association between the relative importance of daily time spent in LIPA and
the adiposity markers to depend on the LIPA definition. For example, reallocating
30 minutes from MVPA to LIPA 1, LIPA 2 and LIPA 3 were associated with a 2.97
(95% CI: 0.68; 5.27), —0.71 (95% CIL: —1.43; 0.02), and —0.45 (95% CI: —1.01; 0.11)
difference in BMI, respectively.

Conclusion: Our findings highlight the need for caution when comparing results

from studies using different definitions of LIPA.
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data from the National Health and Nutrition Examination
Survey (NHANES) suggest that adults spend on average
7.8 hours (33%) of a 24-hour day in LIPA.? In spite of this, the
health effects of LIPA are inconclusive. Some studies using
count-based definitions of LIPA have found both positive
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and negative associations with waist circumference, body
fat mass, and body mass index (BMI).3’4 In contrast, studies
assessing health effects of walkjng5 or s.tanding6 have found
negative associations with waist circumference and BMI.

One reason for the inconclusive health effects of time
spent in LIPA could be the discrepancies in the measure-
ment and definition of LIPA. Although accelerometers
are considered to be one of the optimal methods to mea-
sure physical behaviors, consensus on how to measure
and define LIPA based on accelerometer data is lacking.
Consequently, a range of different methods have been used
to determine daily time spent in LIPA, with count-based
37 and activity type—based measurements®
being the most common.>!?

In short, counts express the magnitude of acceleration
measured by accelerometers per time unit and can be used to
estimate activity intensity and energy expenditure.8 This way,
counts can be classified into LIPA using cut-points typically
corresponding to pre-defined thresholds of the metabolic
equivalent of tasks (eg, 1.0-3.0 METS). Another acceler-
ometer-based method for measuring LIPA is to use both the
acceleration and inclination to estimate body postures (eg,
sitting and standing) and activity types (eg, walking slow,
walking fast, running, and stair climbing). These can then
be classified into specific physical activities of low intensity.
The two types of measurements often differ in accelerometer
placement, being either mounted on the waist or the thigh,
respectively.g'10 Thus, count- and activity type—based mea-
surements of LIPA are expressed as daily time spent in either
a range of intensities or in specific physical behaviors.

Given that most time awake is spent in low-intensity ac-
tivities,11 discrepancies in measurements of LIPA could have
substantial influence on estimates of daily time spent in LIPA
and consequently their association with health. To our knowl-
edge, no study has investigated whether the definition of LIPA
affects the associations between daily time spent in LIPA and
adiposity markers. Accordingly, the objective of this study
was to compare the association between three definitions of
LIPA and adiposity markers. LIPA was defined based on the
commonly used count-based definition (ie, 1.0-3.0 METS),
and by grouping physical activities, which could be classi-
fied as light intensity based on their MET values (ie, walking
slow, moving, and standing). We chose to focus on adiposity
markers to facilitate comparability of the current study with
previous studies assessing the health effects of LIPA.

measurements

2 | MATERIALS AND METHODS

2.1 | Study design and study population

This study was based on cross-sectional accelerometer and
questionnaire baseline data from two Danish cohorts: the

Danish Physical ACTivity cohort with Objective measure-
ments (DPhacto)lz’13 and the New Method for Objective
Measurements of Physical Activity in Daily Living
(NOMAD) study.14 The data collection and procedures in the
two studies were identical, and thus, the two datasets could
be merged.15

The study population consisted of workers from Danish
companies within transportation, cleaning, manufacturing,
construction, road maintenance, garbage disposal, assem-
bly, mobile plant operation, and health services.'> 14 Eligible
workers were between 18 and 65 years old and employed for
at least 20 hours/week and had given informed consent to
participate. Workers were excluded if they were pregnant and
had fever on the day of testing or allergy to adhesives.

2.2 | Data collection

The data collection and procedures have been described in
detail previously.lz'14 In short, eligible workers were invited
to complete a questionnaire and to participate in a physical
health examination, consisting of anthropometric measure-
ments at baseline. Participants were also asked to wear ac-
celerometers for four consecutive days with a minimum of
two consecutive workdays and to keep a record of their work
hours, time in bed, and periods of non-wear time in a diary.

2.3 | Ethical considerations

The DPhacto and NOMAD studies were approved by the
Danish data protection agency and local Ethics Committee
(file number H-2-2012-011"% and file number H-2-2011-
047, respectively). Both studies were conducted according
to the Helsinki Declaration, and all data were anonymized in
relation to individuals and workplaces.

2.4 | Eligibility criteria

Flow of the study participants is shown in Figure 1. A total
of 1422 workers participated in the baseline questionnaire
and/or health check, of which 36 were excluded because they
were managers, students, on holiday, pregnant, or for un-
known reasons; 290 did not fulfill the criterion of having one
valid day of technical measurements; and 583 did not have
both hip- and thigh-worn accelerometer data. Thus, a total of
513 workers were included in the analyses.

One valid day of technical measurements consisted of at
least 10 hours of accelerometer measurements during waking
hours and at least one measurement of time in bed at night.
Moreover, to ensure the same individuals were included in all
analyses (ie, regardless of LIPA definition), only individuals
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NOMAD DPhacto
391 workers invited 2107 workers invited

FIGURE 1 Flowchart of participants
in the NOMAD and DPhacto study included
in the current paper

88 non-respondents /

988 non-respondents

1422 workers participated
in questionnaire and/or
health check at baseline

reason)

Excluded (n =36)

(13 were managers, 17 were
students, 6 were sick, on
holiday, pregnant or did not
participate for unknown

No valid accelerometer data
(n=290)

No hip- and thigh-worn
accelerometer data (n=583)

513 workers with valid
accelerometer data

with both valid hip- and thigh-worn accelerometer data were
included. Participants could be missing hip-worn accelerom-
eter data, as we changed the procedure for accelerometer from
thigh and hip to thigh and lower back during data collection.
Comparing the characteristics of individuals included and ex-
cluded from the analysis showed no notable difference (see
Table S1).

2.5 | Accelerometer measurements of
physical activities and body postures

Daily time spent in physical activity types and body postures
(ie, sitting and standing) was assessed using data from two
tri-axial ActiGraph GT3X 4+ accelerometers (ActiGraph).
The accelerometers were placed on the right iliac crest and
the right frontal thigh using double-sided adhesive tape (3 M,
Hair-Set) and Fixomull (Fixomull BSN medical GmbH)."
Accelerometer data were downloaded using ActiLife soft-
ware version 5.5."

Daily time use in physical activity and stationary behaviors
was based on either counts per minute (CPM) or physical ac-
tivity—type measurements. For the CPM-based measurement,
data from the hip-worn accelerometer were used. Sedentary

behavior (SB), LIPA, and moderate-to-vigorous physi-
cal activity (MVPA) were categorized using the Freedson
et al cut-points in the ActiLife software (ActiGraph h)."® For
the measurements based on physical activity type, data from
the thigh-worn accelerometer were used and analyzed using
the Acti4 software (The National Research Centre for the
Working Environment, Denmark and The Federal Institute
for Occupational Safety and Health, Germany [BAuA]).19
The Acti4 software detects physical activity types and body
postures (ie, cycling, stair climbing, running, walking, mov-
ing, standing, sitting, and/or lying) with high sensitivity and
specificity.]9‘20

2.6 | Outcomes: adiposity markers

The outcome indicators of adiposity were body mass
index (BMI), body fat percentage, and waist circumfer-
ence. Waist circumference was measured at the approxi-
mate midpoint between the uppermost lateral border of
the iliac crest and the last palpable rib. The measurement
was taken at maximal expiration during relaxed normal
breathing using a measurement tape (Seca, model 201)*!
with the average of two measurements recorded. Weight
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and body fat percentage were measured without shoes and
socks using a bio-impedance segmental body composition
analyzer (Tanita model BC418 MA)22 to the nearest 0.1%.
Height was measured without shoes using a stadiometer
(Seca, model 201) to the nearest 0.1 cm. BMI was calcu-
lated as body mass (in kg) divided by height (in m) squared
(kg/m?).

2.7 | Exposure: daily time-use compositions
We used three definitions of LIPA: (1) average daily time
spent with activity CPM of 100-2029 (LIPA 1); (2) average
daily time spent moving and walking slow (LIPA 2); and (3)
average daily time spent moving, walking slow, and stand-
ing (LIPA 3). Walking slow was defined as walking with a
cadence of <100 steps/min.23 The definitions of LIPA 1 and
LIPA 2 were based on activities, which could be classified as
low-intensity activities based on their estimated MET values
(ranging from 1.5 to 3.0).24%

For each of the three LIPA definitions, the following com-
positions reflecting the workers” average daily time use were
constructed:

1. LIPA 1 (ie, count-based), MVPA, SB, and time in bed
(4-part composition);

2. LIPA 2 (ie, activity type—based incl. moving and slow
walking), standing, MVPA, SB, and time in bed (5-part
composition); and

3. LIPA 3 (ie, activity type-based incl. moving, walking
slow, and standing), MVPA, SB, and time in bed (4-part
composition).

For composition (1), MVPA and SB were defined as time
spent with activity CPM of > 2029 and < 100, respectively.
For composition (2) and (3), MVPA was defined as time
spent walking fast, running, stair climbing, and cycling, and
SB was defined as time spent sitting or lying during wak-
ing hours. In all cases, time in bed was defined based on the
worker's daily diary.

2.8 | Potential confounders and
descriptive variables

The following variables were considered as potential con-
founders based on previous research®?° and theoretical con-
siderations: sex, age, smoking status, and poor diet habits. Sex
and age of the workers were determined from each worker's
unique Danish civil registration number. Information on poor
dietary habits was obtained by the question: How often do
you eat/drink: “candy, ice cream, chocolate, soft drinks” and
“fast food, pizza, burger, shawarma etc” with four response

WILEY-L2®

categories that we dichotomized into two groups (frequent
poor dietary habits: every day to 2-3 times per week and in-
frequent poor dietary habits: 1-2 times per week to rarely).
Smoking behavior was determined from the question “Do
you smoke?” with four response categories dichotomized
into two groups: smokers (yes daily; yes sometimes) and
non-smokers (used to smoke but not anymore; have never
smoked).

2.9 | Statistical analyses

2.9.1 | Descriptive statistics

The characteristics of the study population were described
using mean with standard deviations (SD) and numbers with
proportions (%) where appropriate. Geometric means were
calculated for the three daily time-use compositions to meas-
ure the central tendency of the data.”’?® They were obtained
by computing the geometric mean of each individual part of
the respective compositions and then normalizing (closing)
these to be expressed in units relative to the workers’ daily
time use (ie, 1440 minutes).

2.10 | Isometric log-ratio (ilr)
transformation and compositional regression

The exposure compositions were transformed using isomet-
ric log-ratio transformation and presented using pivot ilr-
coordinates. This way, the first ilr-coordinate expresses the
first part of the composition relative to the geometric mean of
the remaining parts.29 In the three compositions, LIPA was
placed as the first part and thus the relative importance of
LIPA with respect to the remaining parts was represented in
the first ilr-coordinate for subsequent statistical significance
testing through regression analyses.

The strength and direction of the associations between
LIPA (relative to the remaining activities and behaviors)
and adiposity markers were estimated using unadjusted and
adjusted compositional linear regression models. Age, sex,
smoking status (reference = non-smoker), and intake of
candy and fast food (reference = infrequent) were included
as potential confounders in the adjusted models. Missing data
were not imputed, and thus, participants with missing data in
any of the variables used in the models were excluded from
the adjusted models. Beta coefficients, 95% confidence in-
tervals (CI), and 2-sided Wald test P-values were estimated
for the first ilr-coordinate for all models. The assumptions
of normality and homoscedasticity of the residuals were as-
sessed and satisfied for all models by visual inspection of
plots of residuals versus predicted values and quantile-quan-
tile plots (see Figure S1).
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2.11 | Estimated strength of the associations
Based on the adjusted compositional regression models, we
estimated the potential difference in adiposity markers when
increasing and decreasing time spent on LIPA from its mean
value by a fixed duration of time and accordingly increas-
ing/decreasing time spent in either MVPA or SB. A detailed
description of the method can be found in Dumuid et a] 03!
In short, fixed durations of time expressed in proportions (ie,
minutes/1440) were reallocated between SB and LIPA and
MVPA and LIPA, respectively, while keeping the propor-
tion of time spent in all other behaviors constant. This way,
the total of 1440 minutes was maintained. To ensure that the
reallocation was within the range of available data, we re-
allocated up to 30 minutes between MVPA and LIPA and
90 minutes between SB and LIPA.

The estimated difference in BMI, body fat percentage,
and waist circumference associated with reallocated com-
positions was plotted to display the relationship between the
three LIPA definitions and the outcomes. All analyses were
performed in R version 3.4.0,* using the cornpositions33 and
robCompositions34 packages.

3 | RESULTS

3.1 | Population characteristics

Mean age of the study population was 45.2 (SD = 9.6) years,
41% were women, 56% had infrequent poor dietary habits,
88% rarely ate fast food, and 33% were smokers. Mean BMI
was 27.0 (SD = 4.9) kg/mz, mean body fat percentage was
27.0 (SD = 10.2), and mean waist circumference was 95.1
(SD = 13.2) cm (Table 1).

3.2 | Compositional descriptive
Compositional means of the three compositions are shown
in Table 2. When using a count-based definition of LIPA
(LIPA 1), the workers spent on average 23% of their day on
LIPA. In contrast, only 7% of the day was spent on LIPA
when defining LIPA as time spent moving or walking slow
(LIPA 2).

3.3 | Compositional linear regression

Results of unadjusted and adjusted compositional linear
models with each LIPA definitions are shown in Table 3.
The directions and effect estimates of the associations
between LIPA and adiposity markers differed depend-
ing on how LIPA was defined. The relative importance

LUND RASMUSSEN ET AL.
TABLE 1 Baseline characteristics of the study population
Mean

Variables N % (SD)
Age in years 513 100 45.2 (9.6)
BMI in kg/m’ 510 99 27.0 (4.9)
Body fat percentage 361 70 27.0 (10.2)
Waist circumference in cm 482 94 95.1 (13.2)
Sex

Women 210 41

Men 303 59

Missing 0 0
Collar

Blue-collar 471 91

White-collar 42

Missing 0 0
Smoking status

Smoker 163 32

Non-smoker 338 66

Missing 12 2
Eat/drink candy, ice cream, chocolate, soft drinks

Regularly 218 42

Rarely 290 56

Missing 5 2
Eat fast food, pizza, burger, shawarma etc

Regularly 53 10

Rarely 454 88

Missing 6 2
Working sector

Cleaning 100 19

Manufacturing 176 34

Transportation 81 16

Health Service 17 3

Assemblers 33 7

Construction 41 8

Garbage Collectors 29 6

Mobile Plant Operators 11 2

Other® 25 5

Missing 0 0

Abbreviations: %, percentage of study sample; N, number in study sample; SD,
standard deviation.

“Includes general office clerks and other elementary workers.

of count-based LIPA 1 in the daily time-use composition
was associated with higher BMI (beta: 1.59, 95% CI: 0.04;
3.14), higher body fat percentage (beta: 2.58, 95% CI:
—0.14; 5.29), and larger waist circumference (beta: 3.10,
95% CI: —1.14; 7.34). Moreover, the largest effect sizes
were found when assessing the association between the
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TABLE 2 Geometric means of daily time spent in moderate-to-
vigorous physical activity (MVPA), sedentary behaviors, and time in
bed with each light-intensity physical activity (LIPA) definition

Min./day %
LIPA 1: count-based

LIPA 326 23
MVPA® 31 2
SB® 700 49
Time in bed 383 26

LIPA 2: posture-based; moving and walking slow

LIPA 102 7
Standing 168 12
MVPA® 89 6
SB? 694 48
Time in bed 387 27

LIPA 3: posture-based; moving, walking slow, and standing

LIPA 274 19
MVPA® 89 6
SB? 692 48
Time in bed 386 27

Abbreviation: LIPA, light-intensity physical activity.
“MVPA = count-based using cut-point of > 2029 CPM.

°SB = count-based using cut-point of < 100 CPM.

‘MVPA = walking fast, running, stair climbing, and cycling.
ISB = sedentary behavior (sitting and lying).

relative importance of LIPA 1 and BMI body fat percent-
age and waist circumference. In contrast, smaller effect
sizes of opposite direction were found for the association
between the relative importance of daily time spent on
LIPA and BMI, body fat percentage, and waist circumfer-
ence when using the activity type—based LIPA 2 and LIPA
3 (Table 3).

3.4 | Time reallocations

Reallocating time from MVPA to LIPA 1 was associated
with a higher BMI, body fat percentage, and waist circum-
ference, respectively (Figure 2). In contrast, reallocating
time from MVPA to LIPA 2, and to LIPA 3 was associ-
ated with a lower BMI but showed no associations with
body fat percentage nor waist circumference (Figure 2B,C).
Reallocating time from SB to LIPA 1 was associated with a
higher BMI and body fat percentage (Figure 3A,B), whereas
reallocating time from SB to the activity type—based LIPA
definitions were associated with a lower BMI (Figure 3A).
Estimated differences in BMI, body fat percentage, and
waist circumference associated with each time reallocations
for all LIPA definitions are presented in an additional file
(see Table S2).

TABLE 3 Compositional regression analysis: adjusted and unadjusted associations between the relative importance of the three light-intensity physical activity (LIPA) definitions and adiposity

markers

LIPA 3

LIPA 2

LIPA 1

P-

value
.08

95% CI

B

P-value

95% CI

B

P-value

95% CI

B

Model

Adiposity marker

[-2.88; 0.16]

—1.36
—1.34

1.

.03

[-3.20; —-0.17]

—1.68
-1.29
—-6.10
-1.97
-0.17

[-0.14;2.89] .08
[0.04; 3.14]

1.38
1.59
6.16
2.58
0.44

510

Unadjusted
Adjusted

BMI

.09

[—2.88;0.20]
[—1.84;5.57]
[-3.13;2.30]

[—7.23;0.98]

.09
<.01

[—2.78;0.21]

04"
<01™

492
361
345
482

32

.76
.14

89

s

[=9.79; —2.40]
[—4.72; 0.78]

[2.79; 9.54]

Unadjusted
Adjusted

Body fat percentage

-0.42
-3.12

.16
.94

.06
.85

[—0.14; 5.29]
[—-3.96; 4.83]

[—4.34; 4.00]

Unadjusted

Waist circumference
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FIGURE 2 Estimated change in (A) BMI, (B) body fat percentage (% BF), and (C) waist circumference when reallocating time between

moderate-to-vigorous physical activity (MVPA) and light physical activity (LIPA)

4 | DISCUSSION

In this study, we found that the association between relative
daily time spent in LIPA and adiposity markers depended on
the LIPA definition. Reallocating time from MVPA to LIPA
was associated with increases in all adiposity markers when
using the count-based LIPA, whereas a decrease in BMI was
observed when LIPA was based on activity types. Moreover,
reallocating time from SB to the count-based LIPA was asso-
ciated with increases in BMI and body fat percentage, while

reallocating time from SB to LIPA based on activity types
was associated with a decrease in BMI.

A potential reason for our finding is the discrepancies in es-
timated daily time use arising from the different LIPA defini-
tions implemented. We observed considerably different LIPA
estimates provided by each definition. For example, based on
the count-based definition, an average of 326 min/day was
spent in LIPA. In contrast, based on definition of time spent on
moving or walking slow, only 102 min/day was spent in LIPA
on average. Moreover, estimated daily time spent in MVPA
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FIGURE 3 Estimated change in (A) BMI, (B) body fat percentage (% BF), and (C) waist circumference when reallocating time between

sedentary behavior (SB) and light physical activity (LIPA)

also differed considerably between the compositions, ranging
from 89 min/day (activity type-based) to 31 min/day (count-
based). MVPA has been shown to have significant positive ef-
fects on adiposity markers, such as waist circumference,” body
fat percentage,” and abdominal visceral fat*®*’ and is likely to
have a more potent health effect per time unit compared with
LIPA.*** In line with this, we found stronger associations
between LIPA and adiposity markers when reallocating time
from MVPA to LIPA compared to reallocating time from SB to
LIPA. Thus, the observed differences in associations between
daily time spent in each LIPA definition and adiposity markers

could be attributed to discrepancies in time available for the re-
maining behaviors.

The finding of a higher BMI and body fat percentage
associated with reallocating time from SB to count-based
LIPA is counterintuitive. Nevertheless, these results suggest
that the count-based definition of LIPA is more closely as-
sociated with the tested adiposity markers compared to the
activity type—based definitions of LIPA. Adiposity mark-
ers are commonly known to be associated with energy ex-
penditure, to which count-based methods are also closely
linked. However, since counts are only linearly correlated
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with energy expenditure within a specific activity type,
a more accurate representation of LIPA may be achieved
through a combination of count and activity/body posture

information.*’

4.1 | Strength and limitations

A major strength of our study was the use of hip- and thigh-
worn accelerometers, enabling assessment of daily time spent
in LIPA based on either counts or activity types. Using com-
positional data analysis facilitated assessment of the associa-
tion between relative daily time spent in LIPA and adiposity
markers, taking other daily physical behaviors (ie, MVPA,
SB, and time in bed) into account.

The main limitation of this study was the lack of a
“gold standard” LIPA definition. Consequently, we are
unable to state which LIPA definition to be the most re-
liable. Moreover, our study population consisted of
mainly blue-collar workers, thereby limiting comparabil-
ity with previous studies which are predominantly based
on white-collar workers. The cross-sectional design of the
study could be considered a limitation as it hinders infer-
ence of causality. Nevertheless, the study design should not
influence the findings of our study.

5 | PERSPECTIVE

Our findings of conflicting associations between differing
LIPA definitions and adiposity markers are in line with
those from previous reviews on the health effects of objec-
tively measured LIPA.>** For example, one review found
inconsistent associations between LIPA and BMI due to
discrepancies in how LIPA was defined and analyzed be-
tween studies.” Another review consistently found negative
associations between LIPA and waist circumference and
BMIL* However, this review only included studies based on
accelerometer data from NHANES and count-based meas-
urements of LIPA, thereby minimizing methodological dis-
crepancies between the studies. Clearly, current evidence
on the effect of LIPA on adiposity markers is ambiguous.
Developing standardized methods for analyzing objec-
tive measurements of LIPA could decrease this ambiguity
through facilitating comparability and synthesis of results.
Furthermore, a combination of count- and activity type—
based measurements could give a more accurate presenta-
tion of LIPA.

ACKNOWLEDGEMENT

The authors would like to thank the DPhacto and NOMAD
research groups and personnel who contributed to the data
collection.

CONFLICT OF INTEREST
The authors declare that they have no conflicts of interest.

ORCID

Charlotte Lund Rasmussen "= https://orcid.
org/0000-0003-2193-5019

Melker Staffan Johansson "= https://orcid.

org/0000-0002-2745-2870

REFERENCES

1. Donahoo WT, Levine JA, Melanson EL. Variability in energy ex-
penditure and its components. Curr Opin Clin Nutr Metab Care.
2004;7:599-605.

2. Young DR, Hivert MF, Alhassan S, et al. Sedentary behavior and
cardiovascular morbidity and mortality: a science advisory from
the american heart association. Circulation. 2016;134:€262-¢279.

3. Amagasa S, Machida M, Fukushima N, et al. Is objectively measured
light-intensity physical activity associated with health outcomes after
adjustment for moderate-to-vigorous physical activity in adults? A
systematic review. Int J Behav Nutr Phys Act. 2018;15:65-80.

4. Fuzéki E, Engeroff T, Banzer W. Health benefits of light-intensity
physical activity: a systematic review of accelerometer data of the
National Health and Nutrition Examination Survey (NHANES).
Sports Med. 2017;47:1769-1793.

5. Slentz CA, Duscha BD, Johnson JL, et al. Effects of the amount of
exercise on body weight, body composition, and measures of cen-
tral obesity: STRRIDE—-a randomized controlled study. Arch Intern
Med. 2004;164:31-39.

6. Gupta N, Heiden M, Aadahl M, Korshgj M, Jgrgensen MB,
Holtermann A. What Is the effect on obesity indicators from re-
placing prolonged sedentary time with brief sedentary bouts, stand-
ing and different types of physical activity during working days?
A cross-sectional accelerometer-based study among blue-collar
workers. PLoS One. 2016;11:€0154935.

7. Chastin SFM, De Craemer M, De Cocker K, et al. How does
light-intensity physical activity associate with adult cardiomet-
abolic health and mortality? Systematic review with meta-analy-
sis of experimental and observational studies. Br J Sports Med.
2019;53(6):370-376.

8. Plasqui G, Westerterp KR. Physical activity assessment with ac-
celerometers: an evaluation against doubly labeled water. Obesity.
2007;15:2371-2379.

9. de Almeida MM, da Silva ICM, Ramires VYV, Reichert FF,
Martins RC, Tomasi E. Calibration of raw accelerometer data
to measure physical activity: a systematic review. Gait Posture.
2018:61:98-110.

10. Yang CC, Hsu YL. A review of accelerometry-based wear-
able motion detectors for physical activity monitoring. Sensors.
2010;10:7772-7788.

11. Norton K, Norton L, Sadgrove D. Position statement on physi-
cal activity and exercise intensity terminology. J Sci Med Sport.
2010;13:496-502.

12. Jgrgensen MB, Korshgj M, Lagersted-Olsen J, et al. Physical activ-
ities at work and risk of musculoskeletal pain and its consequences:
protocol for a study with objective field measures among blue-col-
lar workers. BMC Musculoskelet Disord. 2013;14:213.

13. Jgrgensen MB, Gupta N, Korshgj M, et al. The DPhacto cohort:
an overview of technically measured physical activity at work and


https://orcid.org/0000-0003-2193-5019
https://orcid.org/0000-0003-2193-5019
https://orcid.org/0000-0003-2193-5019
https://orcid.org/0000-0002-2745-2870
https://orcid.org/0000-0002-2745-2870
https://orcid.org/0000-0002-2745-2870

LUND RASMUSSEN ET AL.

WILEY-L2"

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

leisure in blue-collar sectors for practitioners and researchers. App/
Ergon. 2019;77:29-39.

Gupta N, Christiansen CS, Hallman DM, Korshgj M, Carneiro IG,
Holtermann A. Is objectively measured sitting time associated with
low back pain? A cross-sectional investigation in the NOMAD
study. PLoS One. 2015;10:e0121159.

Dencker-Larsen S, Rasmussen CL, Thorsen SV, et al. Technically
measured compositional physical work demands and prospective
register-based sickness absence (PODESA): a study protocol. BMC
Public Health. 2019;19:257.

Lagersted-Olsen J, Thomsen BL, Holtermann A, Sggaard K,
Jgrgensen MB. Does objectively measured daily duration of
forward bending predict development and aggravation of low-
back pain? A prospective study. Scand J Work Environ Health.
2016;42:528-537.

ActiGraph, LLC. ActiLife | ActiGraph. https://www.actigraphcorp.
com. Accessed June 18, 2003.

What'’s the difference among the Cut Points available in ActiLife?
https://actigraphcorp.force.com/support/s/article/ What-s-the-diffe
rence-among-the-Cut-Points-available-in-ActiLife. Accessed June
18, 2020.

Skotte J, Korshgj M, Kristiansen J, Hanisch C, Holtermann A.
Detection of physical activity types using triaxial accelerometers. J
Phys Act Health. 2014;11:76-84.

Stemland I, Ingebrigtsen J, Christiansen CS, et al. Validity of the
Acti4 method for detection of physical activity types in free-liv-
ing settings: comparison with video analysis. Ergonomics.
2015;58:953-965.

Han TS, Sattar N, Lean M. ABC of obesity. Assessment of obesity
and its clinical implications. BMJ. 2006;333:695-698.

Body Composition Analyzer BC-418. Instruction Manual. https://
www.manualslib.com/products/Tanita-Bc-418-3555430.html.
Accessed June 18, 2020.

Tudor-Locke C, Han H, Aguiar EJ, et al. How fast is fast enough?
Walking cadence (steps/min) as a practical estimate of intensity in
adults: a narrative review. Br J Sports Med. 2018;52:776-788.
Ainsworth BE, Haskell WL, Herrmann SD, et al. 2011 compen-
dium of physical activities: a second update of codes and MET
values. Med Sci Sports Exerc. 2011;43:1575-1581.

Mansoubi M, Pearson N, Clemes SA, et al. Energy expenditure
during common sitting and standing tasks: examining the 1.5
MET definition of sedentary behaviour. BMC Public Health.
2015;15:516.

Colley RC, Michaud I, Garriguet D. Reallocating time between
sleep, sedentary and active behaviours: associations with obesity
and health in Canadian adults. Health Rep. 2018;29:3-13.
Aitchison J. The statistical analysis of compositional data. London:
Chapman and Hall; 1986.

Pawlowsky-Glahn V, Egozcue JJ, Tolosana-Delgado R. Modeling
and Analysis of Compositional Data. John Wiley & Sons; 2015:
273.

Hron K, Filzmoser P, Thompson K. Linear regression with compo-
sitional explanatory variables. J Appl Stat. 2012;39:1115-1128.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Dumuid D, Pedisi¢ Z, Stanford TE, et al. The compositional iso-
temporal substitution model: a method for estimating changes in
a health outcome for reallocation of time between sleep, phys-
ical activity and sedentary behaviour. Stat Methods Med Res.
2019;28(3):846-857.

Dumuid D, Stanford TE, Martin-Fernandez JA, et al. Compositional
data analysis for physical activity, sedentary time and sleep re-
search. Stat Methods Med Res. 2018;27(12):3726-3738.

Core R, Team R. A language and Environment for Statistical
Computing. Vienna, Austriaz R Foundation for Statistical
Computing; 2017.

van den Boogaart KG, Tolosana-Delgado R. “compositions”: A
unified R package to analyze compositional data. Comput Geosci.
2008;34:320-338.

Templ M, Hron K, Filzmoser P. robCompositions: An R-package
for Robust statistical analysis of compositional data. In: Pawlowsky-
Glahn V, Buccianti A, eds. Compositional Data Analysis. Hoboken,
NJ: John Wiley & Sons, Ltd; 2011: 341-355.

Batacan RB, Duncan MJ, Dalbo VIJ, Tucker PS, Fenning AS.
Effects of light intensity activity on CVD risk factors: a systematic
review of intervention studies. Biomed Res Int. 2015;2015:1-10.
Irving BA, Davis CK, Brock DW, et al. Effect of exercise training
intensity on abdominal visceral fat and body composition. Med Sci
Sports Exerc. 2008;40:1863-1872.

Tremblay A, Simoneau JA, Bouchard C. Impact of exercise inten-
sity on body fatness and skeletal muscle metabolism. Metab Clin
Exp. 1994;43:814-818.

Paoli A, Pacelli QF, Moro T, et al. Effects of high-intensity circuit
training, low-intensity circuit training and endurance training on
blood pressure and lipoproteins in middle-aged overweight men.
Lipids Health Dis. 2013;12:131.

Matthews CE, Keadle SK, Troiano RP, et al. Accelerometer-
measured dose-response for physical activity, sedentary time, and
mortality in US adults. Am J Clin Nutr. 2016;104:1424-1432.
Schneller MB, Pedersen MT, Gupta N, Aadahl M, Holtermann A.
Validation of five minimally obstructive methods to estimate phys-
ical activity energy expenditure in young adults in semi-standard-
ized settings. Sensors. 2015;15:6133-6151.

SUPPORTING INFORMATION
Additional supporting information may be found online in
the Supporting Information section.

How to cite this article: Lund Rasmussen C, Johansson
MS, Crowley P, et al. Light-intensity physical activity
derived from count or activity types is differently
associated with adiposity markers. Scand J Med Sci
Sports. 2020;30:1966—1975. https://doi.org/10.1111/
sms.13743



https://www.actigraphcorp.com
https://www.actigraphcorp.com
https://actigraphcorp.force.com/support/s/article/What-s-the-difference-among-the-Cut-Points-available-in-ActiLife
https://actigraphcorp.force.com/support/s/article/What-s-the-difference-among-the-Cut-Points-available-in-ActiLife
https://www.manualslib.com/products/Tanita-Bc-418-3555430.html
https://www.manualslib.com/products/Tanita-Bc-418-3555430.html
https://doi.org/10.1111/sms.13743
https://doi.org/10.1111/sms.13743

