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Concurrent and discriminant validity of
ActiGraph waist and wrist cut-points to
measure sedentary behaviour, activity level,
and posture in office work
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Abstract

Background: Sedentary Behaviour (SB) gets an increasing attention from ergonomics and public health due to its
associated detrimental health effects. A large number of studies record SB with ActiGraph counts-per-minute cut-points,
but we still lack valid information about what the cut-points tell us about office work. This study therefore analysed the
concurrent and discriminant validity of commonly used cut-points to measure SB, activity level, and posture.

Methods: Thirty office workers completed four office tasks at three workplaces (conventional chair, activity-promoting
chair, and standing desk) while wearing two ActiGraphs (waist and wrist). Indirect calorimetry and prescribed posture
served as reference criteria. Generalized Estimation Equations analysed workplace and task effects on the activity level and
counts-per-minute, and kappa statistics and ROC curves analysed the cut-point validity.

Results: The activity-promoting chair (p < 0.001, ES≥ 0.66) but not the standing desk (p = 1.0) increased the activity level,
and both these workplaces increased the waist (p ≤ 0.003, ES≥ 0.63) but not the wrist counts-per-minute (p = 0.74)
compared to the conventional chair. The concurrent and discriminant validity was higher for activity level (kappa: 0.52–
0.56 and 0.38–0.45, respectively) than for SB and posture (kappa ≤0.35 and≤ 0.19, respectively). Furthermore, the
discriminant validity for activity level was higher for task effects (kappa: 0.42–0.48) than for workplace effects (0.13–0.24).

Conclusions: ActiGraph counts-per-minute for waist and wrist placement were – independently of the chosen cut-point
– a measure for activity level and not for SB or posture, and the cut-points performed better to detect task effects than
workplace effects. Waist cut-points were most valid to measure the activity level in conventional seated office work, but
they showed severe limitations for sit-stand desks. None of the placements was valid to detect the increased activity on
the activity-promoting chair. Caution should therefore be paid when analysing the effect of workplace interventions on
activity level with ActiGraph waist and wrist cut-points.

Keywords: Activity-promoting chair, Agreement, Counts-per-minute, Kappa, Physical activity, ROC curve, Sit-stand desk,
Workplace intervention
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Background
Sedentary Behaviour (SB), defined as sitting or reclining
with ≤1.5 Metabolic Equivalents (MET) [1], is a substan-
tial part of the modern lifestyle, accounting for 8.5–10 h
a day or 60–70% of waking time [2–4]. Up to 72 and
81% of the European Union and United States popula-
tion works in the tertiary, predominantly office based
sector [5]. Office workers spend around 64–82% of their
working time sedentary [6–8], and accumulate half of
their sedentary time during working hours, predominantly
in long bouts [9, 10]. Thus, office work is of critical import-
ance for public health, and some public health authorities
included SB in their physical behaviour recommendations
[11], but office workers show bad adherence [10].
The use of workplace interventions to break up pro-

longed SB, like standing desks and activity-promoting
office chairs [12], is highly recommended [13]. These in-
terventions typically address one of the two components
of SB: 1) break up prolonged sitting with standing, or 2)
break up prolonged minimal-intensity physical activity
(minPA, ≤1.5 MET [14]) with light-intensity physical ac-
tivity (LPA, > 1.5 MET) (operational definitions are given
in Table 1).
To break up the posture component of SB, there is

some evidence that sit-stand desks reduce the sitting
time by around 100 min a day in short-term (≤3
months) and 60 min a day in mid-term (3 to 12
months) compared to sit-desks [17, 18], without com-
promising user comfort and productivity [19, 20]. If
combined with other interventions like counselling,
prompts or social support, the effect might remain also
in long-term (> 12 months) [21, 22]. In contrast, inter-
ventions to break up the activity component of SB show
inconsistent findings [18, 23], with potentially negative
effects on work performance [19]. An activity-promoting
chair showed a 20% activity increase compared to normal
sitting [24], with unknown short-, mid- and long-term
effects [18, 25].

Unfortunately, the evidence for the effects of work-
place interventions is mixed, which could be related to,
among other things, the use of inconsistent SB measure-
ments [17, 18, 22, 25]. While self-reported measures are
known to have a poor validity [26, 27], the objective
methods to measure SB use two different principles: ac-
celerometers worn on the thigh using the sensor orienta-
tion versus gravity to determine the posture component
of SB (i.e. activPAL, PAL Technologies, Glasgow, SCO),
and accelerometers worn on the waist using a propri-
etary counts-per-minute (cpm) measure to determine
the physical activity component of SB (i.e. ActiGraph,
ActiGraph Corp., Pensacola, USA) [17, 18, 22]. Posture-
based devices are highly valid to measure sitting and
should therefore be the first choice to analyse the effects
of workplace interventions targeting posture, i.e. redu-
cing the time spent sitting [28, 29]. On the other hand,
it is unclear what the activity-based devices tell us about
office work. A recent review on daily sedentary patterns
included 64 studies, of which 43 used a waist-worn Acti-
Graph with a cut-point of 50, 100, or 150 cpm [30]. To
measure SB, cut-points between 25 and 250 cpm for the
vertical axis (VA) and between 100 and 200 cpm for the
vector magnitude (VM) are used [31]. However, to
measure minPA, the activity component of SB, VA
cut-points between 50 and 200 cpm are recommended
[32, 33], and to measure sitting, the posture compo-
nent of SB, VA cut-points between 22 and 150 cpm are
recommended [29, 34–36]. The ActiGraph is nowadays
also worn at the wrist, with a recommended VM cut-
point to detect sitting of 1′853 cpm [36].
Overall, it remains unclear what all these ActiGraph

cut-points tell us about office work and workplace inter-
ventions, and whether they measure behaviour, activity,
or posture (Table 1). The present study therefore ana-
lysed the concurrent validity of commonly used waist
and wrist cut-points to detect SB, minPA, and sitting, as
well as the discriminant validity of commonly used waist

Table 1 Operational definitions of behaviour, activity level, and body posture

Terminology Definition

Behaviour

Sedentary Behaviour (SB) Sitting or reclining with ≤1.5 Metabolic Equivalentsa

Non-Sedentary Behaviour (non-SB) All tasks not fulfilling the SB definition

Activity Level

Minimum-intensity physical activity (minPA) ≤1.5 Metabolic Equivalents, regardless of postureb

Light-intensity physical activity (LPA) 1.5–3.0 Metabolic Equivalents

Body Posture

Sitting Resting on the buttocks or haunchesc

Standing Supporting oneself on the feet in an erect positionc

aas defined by the Sedentary Behavior Research Network [1]
bas introduced by Holtermann et al. [14]
cas defined by the Merriam-Webster Dictionary [15, 16]
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and wrist cut-points to separate SB from non-SB (behav-
iour classification), to separate minPA from LPA (activ-
ity classification), and to separate sitting from standing
(posture classification).

Methods
Study population
A convenience sample of 30 office workers from the
local community with at least 70% employment rate, all
spending at least 50% of their work time at an office
desk was recruited. Office workers with silicon allergy
were excluded. The participants (53% women) averaged
38.8 ± 9.0 years, 71.2 ± 11.1 kg, and 1.74 ± 0.08 m. They
worked on average 40.5 ± 6.6 h a week, of which 78 ±
15% seated at an office desk (self-reported).

Experimental procedure and equipment
All participants visited a single office at the University in
Winterthur (SUI) normally used by the researcher in
charge of data recording. For the indirect calorimetry
measurement, they refrained from eating and consuming
sugary and caffeinated drinks for 2 h prior to the meas-
urement, from any kind of physical activity for 12 h, and
from nicotine for 2 h [37, 38]. The office was equipped
with a sit-stand desk, a laptop with external mouse, a
desktop computer with two screens, and two office
chairs (a conventional and an activity-promoting chair).
To account for different workplace designs, we pragmat-
ically decided to let participant 15 to 24 use a laptop,
while the others used a desktop computer (Fig. 1).
Each participant completed four office tasks with

different activity levels [12, 39]. Two tasks were
computer-assisted (Mouse and Keyboard), one task was
partly computer-assisted (Deskwork), and one task was
non-computer-assisted (Sorting). The Mouse task was
playing mah-jong, the Keyboard task was writing a text,
the Deskwork task included successive short tasks like
getting a physical folder, search in it, do mental arith-
metic, write notes, and switch screen views, and the

Sorting task consisted of opening envelopes and stow
the documents according to the instruction on it in
specified storage compartments and physical folders.
Each task was performed at three workplaces: a conven-
tional office chair (Vitra, Birsfeld, SUI), an activity-
promoting office chair (rotavis, Winterthur, SUI), and a
standing desk (Fig. 1). The activity-promoting chair is
described in detail elsewhere [40, 41]. In short, the chair
has a moveable seat allowing the user to move the pelvis
to the left and right while keeping a stable upper body
position to not interfere with office work demands. An
unpublished study showed that this chair has the poten-
tial to increase the activity level from minPA to LPA,
and thus to break up SB. The activity-promoting chair
was combined with an oral prompt to remind partici-
pants every minute to move the seat of the chair if they
did not move it.
Participants were equipped with two ActiGraph

accelerometers (wGT3X-BT at the left waist mounted
with an elastic stripe, GT9X-Link at the left wrist
mounted with a wristband) and the indirect calorimeter
(K5, cosmed, Rome, Italy) with size-matched facemask.
All sensors were initialised with the same computer to
ensure synchronous recordings. The ActiGraphs re-
corded with 30 Hz and disabled idle sleep mode. The in-
direct calorimeter recorded with 0.1 Hz in the mixing
chamber mode. Note that the study included additional
sensors not used for the present analysis and thus re-
ported elsewhere [42]. The participants completed the
four tasks at each of the three workplaces in random
order, ensuring that the same task and workplace never
occurred in succession. Before each task was recorded,
participants set up the workplace according to their
preferences, but they could modify the setting at any
time during the recording. Based on a pilot study in
which we observed the onset of steady state energy
expenditure after 4 min at the latest, all tasks were
recorded for 5 min. After completion of the twelve office
tasks, an additional resting measurement was conducted.

Fig. 1 Investigated workplaces and tasks. Participant using the conventional chair (a), the activity-promoting chair (b and c), and the standing
desk (d) to complete the four tasks Mouse (a), Keyboard (b), Deskwork (c), and Sorting (d). Picture b and c show a participant using the laptop
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The participants were lying for 10 min on a yoga mat
with the office door closed and the sunblind lowered.

Processing
ActiGraph data were downloaded with ActiLife Version
6.13.4 and exported to 1 s-epoch cpm files in csv-format
using the normal and the low-frequency-extension filter.
Following the recommendation to use the low-frequency-
extension filter for lower intensity activities [43], only the
low-frequency-extension filtered data are presented in the
manuscript, the normal filtered data can be found in
Additional file 1. K5 data were downloaded with Omnia
Version 1.6.7 and exported as csv-file. The csv-files
were loaded into Matlab 2019a for processing and
analyses.
The ActiGraph 1 s-epoch cpm files were summarized

into minute-by-minute data using the start information
of each task. The time-matched K5 data was processed
on a task-by-task level, and all ActiGraph minutes of a
task were assigned to either minPA or LPA using the
median steady state MET. Therefore, the respiratory gas
exchange was converted into the metabolic rate using
the Weir equation (metabolic rate = 1.44 [3.94 VO2 +
1.11 VCO2]) and put in relation to the resting metabolic
rate. The resting metabolic rate was defined as the me-
dian metabolic rate during the second 5 min of the rest-
ing measurement [44, 45]. For each task, only steady
state data was considered. The onset of steady state was
defined by the first minute with less than 10% deviation
from the median of all subsequent minutes, but earliest
after one and latest after 4 min [42]. All minutes of each
task were furthermore assigned into the prescribed pos-
ture (sitting for the conventional and activity-promoting
chair, standing for the standing desk, verified by direct
observation).

Analyses
To analyse whether the MET values, the activity classifi-
cation (minPA with ≤1.5 MET or LPA with 1.5–3.0
MET), and the ActiGraph’s cpm values differed between
the workplaces and tasks, Generalized Estimation Equa-
tions followed by pairwise post-hoc comparisons with
Bonferroni-adjusted p-values were used (performed in
SPSS 27, IBM, Armonk, USA). Level of significance was
set to 0.05. Following the recommendation to include
effect sizes as a measure of importance of a statistical ef-
fect, significant MET and cpm effects were quantified
with the effect size based on the Wilcoxon-matched-pair
statistics (ES) [46]. No effect sizes were calculated for
the activity classification as we are not aware of an
established statistics to calculate effect sizes for binary
classification data. The effects were considered small
(0.1–0.3), medium (0.3–0.5), or strong (≥0.5) [47]. Note
that the workplace effects were analysed to check

whether there is an additional need to analyse the dis-
criminant validity for effects caused by workplaces only.
The concurrent validity analysed the ability of the cpm

cut-points to detect SB, minPA, and sitting over the
entire data set, as well as for each workplace and task
separately. The discriminant validity analysed the ability
of the cpm cut-points to discriminate SB from non-SB
(behaviour classification), to discriminate minPA from
LPA (activity classification), and to discriminate sitting
from standing (posture classification) on an individual
level over the entire data set, as well as for effects caused
by workplaces and tasks only. Both validities used kappa
statistics with 95% confidence intervals [48] and ROC
curves with sensitivity and specificity. The agreement
with the reference criteria was considered poor (kappa <
0.00), slight (0.00–0.20), fair (0.21–0.40), moderate
(0.41–0.60), substantial (0.61–0.80), or almost perfect
(≥0.81) [49]. The waist-worn ActiGraph used cut-points
between 22 and 250 cpm (VA) and between 100 and
200 cpm (VM) [31, 36]. The wrist-worn ActiGraph used
cut-points between 1′000 and 3′000 cpm (VM). For a
better understanding, the ROC curves include also lower
(down to 0 cpm) and higher cut-points (up to 500 and
750 for waist VA and VM, up to 15′000 for wrist VM).
The analysis considered all recorded ActiGraph mi-

nutes of each participant. To test for dependence effects
(each participant contributed for each workplace-task
combination five subsequent minutes), the entire ana-
lysis was repeated for each minute individually (minute
1 to minute 5). Since kappa for the individual minutes
lay mostly within the 95% confidence interval of the all
minutes’ approach (Additional file 2), only the results of
the all minutes’ approach are presented.

Results
Of the 1′800 recorded minutes, 1 min had to be ex-
cluded due to non-compliance with the study protocol
(standing for conventional chair). To simplify the ana-
lysis, the missing minute was replaced with the median
cpm of the task. Across all workplaces and tasks, the
participants reached the steady state MET within the
first 2 min in 83.6% of the cases, after 3 min in 12.5% of
the cases, and after 4 min in the remaining 3.9% of the
cases.

Workplace and task effects on the MET value and the
activity classification
There was an overall workplace effect on the MET value
and the activity classification (Table 2). The activity-
promoting chair caused a significantly higher MET and
lower minPA classification compared to the conven-
tional chair and the standing desk (p < 0.001, ES ≥0.66).
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No differences between the conventional chair and the
standing desk were found (p = 1.000).
There was an overall task effect on the MET value and

the activity classification as well (Table 2). Sorting caused
the highest MET and lowest minPA classification (p <
0.001, ES ≥0.86), and Deskwork caused a higher MET and
lower minPA classification then Keyboard and Mouse
(p < 0.001, ES ≥0.40). Despite no difference in the minPA
classification, Keyboard caused a significantly higher MET
value compared to Mouse (p = 0.002, ES = 0.42).

Workplace and task effects on cpm
There was an overall workplace effect on the waist VA
and VM but not the wrist cpm (Table 3). The waist VA
and VM cpm were highest for the activity-promoting
chair (p ≤ 0.007, ES ≥0.34), and lowest for the conven-
tional chair (p ≤ 0.003, ES ≥0.63).
There was an overall task effect on the waist and the

wrist cpm. Both placements significantly differed be-
tween all tasks (p ≤ 0.002, ES ≥0.29), except between
Mouse and Keyboard (p ≥ 0.114).

Concurrent validity to detect SB, minPA, and sitting
All sensors reached a fair agreement with the reference
criteria to detect SB (kappa: 0.21–0.35), a moderate
agreement to detect minPA (0.52–0.56), and a poor to
slight agreement to detect sitting (-0.20–0.03, Fig. 2).
The ROC curves showed for both placements the same
pattern as kappa, with the detection of minPA having
the highest sensitivities and specificities and sitting the
lowest, rarely above the 45° line.

Concurrent validity to detect minPA, separated by
workplace and task
The minPA detection for each workplace (Fig. 3a) showed
for the waist VA and VM a substantial agreement with
the reference criterion for the conventional chair and the
standing desk (kappa: 0.66–0.70), and a fair agreement for
the activity-promoting chair (0.26–0.38). The wrist sensor
reached for all workplaces a moderate agreement with the
reference criterion (0.51–0.60). For both placements, the
ROC curves for the conventional chair and the standing
desk were similar but slightly shifted (conventional chair
with higher sensitivity and lower specificity), while the
curve for the activity-promoting chair was lower.
The minPA detection for each task (Fig. 3b) showed a

less clear pattern, except that the Mouse reached the
highest agreement with the reference criterion for both
placements, moderate for the waist (0.41–0.44) and fair
for the wrist (0.32). In line, the Mouse reached the high-
est sensitivities and specificities in the ROC curves.

Discriminant validity for the behaviour, activity, and
posture classification
All sensors reached a slight agreement with the reference
criteria to discriminate the behaviour (SB and non-SB,
kappa: 0.02–0.19, Fig. 4), a fair to moderate agreement to
discriminate the activity level (minPA and LPA, 0.38–
0.45), and a poor agreement to discriminate posture
(sitting and standing, -0.19 – -0.09). The ROC curves in
Fig. 4 do not proceed from the origin (0% sensitivity, 100%
specificity) to the most upper right point (100% sensitivity,
0% specificity) since the sensitivity/specificity to discrimin-
ate between real differences does not continuously in-
crease/decrease with increasing cut-point.

Discriminant validity for the behaviour, activity, and posture
classification, separated by workplace and task effects
For workplace effects, the waist VA and VM showed a
slight and poor agreement with the reference criteria to
discriminate the behaviour (SB and non-SB, kappa: 0.10
and -0.20), a fair agreement to discriminate the activity
level (minPA and LPA, 0.22–0.24), and a poor agree-
ment to discriminate posture (sitting and standing, -0.44
– -0.10). The wrist reached for all classifications a slight
agreement with the reference criteria (0.08–0.13). While
the waist reached a sensitivity of up to 72% (VM, activity
level), the wrist never exceeded a sensitivity of 11%.
For task effects on the activity level, both placements

showed a moderate agreement with the reference criteria
(0.42–0.48). The sensitivity reached for both placements
75% (waist) and 79% (wrist).

Discussion
This study analysed the concurrent and discriminant val-
idity of commonly used waist and wrist cpm cut-points
while performing four office tasks (Mouse, Keyboard,
Deskwork, Sorting) at three workplaces (conventional
chair, activity-promoting chair, and standing). The con-
current validity analysed the ActiGraph’s validity to de-
tect SB (≤1.5 MET while sitting), minPA (≤1.5 MET
regardless of body posture), and sitting. The discrimin-
ant validity analysed the ActiGraph’s validity to separate
SB from non-SB (behaviour classification), to separate
minPA from LPA (activity classification), and to separate
sitting from standing (posture classification).
In general, the validity was higher for the minPA than

for the SB and sitting detection, and higher for the
activity than the behaviour and posture discrimination.
Accordingly, the ActiGraph cpm cut-points represent a
measure for activity, and not for SB or posture. Further-
more, the validity was higher to detect task effects than
to detect workplace effects. Caution is warranted when
analysing workplace effects on the activity level with
ActiGraph cpm cut-points.
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Concurrent validity to detect SB, minPA, and sitting
No matter which sensor placement nor axis was
analysed, there was an overall fair agreement with the
reference criteria to detect SB in the study population

(Fig. 2). However, when the same cut-points are inter-
preted as detection of minPA, the agreement was higher
(moderate) and the ROC curves showed higher sensitivities
and specificities. For the conventional chair and the

Fig. 2 Concurrent validity to detect sedentary behaviour (SB), minimal-intensity physical activity (minPA), and sitting. Kappa (left) error bars
denote the 95% confidence interval of commonly used counts-per-minute (cpm) cut-points. The dotted lines show the ROC curves (right) for
lower (down to 0) and higher cut-points (up to 500 and 750 for waist VA and VM and 15′000 for wrist VM). Definition of SB, minPA, and sitting is
given in Table 1
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standing desk, there was even a substantial validity to detect
minPA with the waist placement. This indicates that the
cpm cut-points investigated in this study measure minPA.
However, the workplace analysis in Fig. 3a shows a serious
limitation of the waist cut-points with respect to posture.
For the VA, the cut-point with highest kappa to detect
minPA was substantially higher for the standing desk
(around 150 cpm) than for the conventional chair (around
75 cpm). If using the same cut-point to detect minPA for
both workplaces (e.g. 100 cpm with a kappa of 0.65 for both
workplaces), the detection of minPA has a higher sensitivity
and lower specificity for sitting than standing (see ROC
curve in Fig. 3a and separate sensitivity and specificity in
Additional file 3 - Fig. 2). Thus, standing will be likely clas-
sified as more active than sitting even when there is no true
difference in the activity level as in the present study. The
same observation was also made for the waist VM. This
limitation is likely caused by the fixed pelvis height in sit-
ting, which causes fewer cpm compared to standing. A
similar observation has repeatedly been reported for cycling
[50, 51]. Based on these results, the waist VA and VM
should only be used in combination with a posture-based
sensor and posture-specific cut-points in case the activity
level at a sit-stand desk is analysed. A moderate valid alter-
native to detect minPA would be to use the wrist VM with
similar sensitivities and specificities for the conventional
chair and the standing desk.

Although developed to detect physical activity, the
ActiGraph was repeatedly calibrated to detect sitting
[29, 34–36]. For example, Koster and colleagues [36]
reported only slightly different balanced sensitivities
and specificities to detect sitting as this study ob-
served to detect minPA (Koster vs. this study): 75.9%
vs. 77.1% (waist-worn, VA, 100 cpm), 83.7% vs. 78.1%
(waist-worn, VM, 200 cpm), and 79.1% vs. 76.4%
(wrist-worn, VM, 1853 cpm). For the sitting detection,
this study observed for all cut-points sensitivities and
specificities very close to or even below the 45° line
in the ROC curve with mostly negative kappa, indi-
cating a similar or lower validity than what would be
expected by chance. The large difference is likely a
result of the measurement setting. This study re-
corded exactly the same tasks in sitting and standing,
and the observed sensitivities and specificities
depended only on body posture. In contrast, the cited
studies recorded the natural behaviour in a free-living
setting where a substantial agreement between minPA
and sitting exists [4, 52]. Matthews and colleagues [4]
reported an average minPA time of 9.7 h a day (Acti-
Graph waist, VA, 100 cpm), and an average sitting
time of 9.8 h a day (activPAL). However, the relation-
ship between the minPA and sitting time varies de-
pending on the study sample, which is why different
studies recommend different cut-points to get the

Fig. 3 Concurrent validity to detect minimal-intensity physical activity (minPA) separated by workplace (a) and task (b). Kappa (left) error bars denote
the 95% confidence interval of commonly used counts-per-minute (cpm) cut-points. The dotted lines show the ROC curves (right) for lower (down to
0) and higher cut-points (up to 500 and 750 for waist VA and VM and 15′000 for wrist VM). Definition of minPA is given in Table 1
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most similar minPA and sitting time [29, 34–36].
Clarke-Cornwell and colleagues [34] noticed such a
variation even within one sample in relation to day
(weekday vs weekends) and task (working vs non-
working). Based on our results, we clearly advise

against interpreting the ActiGraph measured time as
sitting. If the sitting time is of interest, a posture-
based device should be employed. If the minPA time
is of interest, an activity-based device should be
employed. Unless both devices are combined, one

Fig. 4 Discriminant validity for the behaviour, activity, and posture classification. Kappa (left) error bars denote the 95% confidence interval of
commonly used counts-per-minute (cpm) cut-points. The dotted lines show the ROC curves (right) for lower (down to 0) and higher cut-points
(up to 500 and 750 for waist VA and VM and 15′000 for wrist VM). Definition of behaviour, activity level, and posture is given in Table 1
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should not interpret the results as if SB has been
measured. Only when the different constructs are
correctly applied, it will get possible to investigate
whether minPA, sitting, or the combination thereof
(SB) causes the detrimental health effects currently
associated with SB. While this clear distinction might
be less important for epidemiological studies due to
the substantial agreement of minPA and sitting time
in free-living, it is all the more important when
studying the effects of workplace interventions. These
are typically aimed to break up either minPA (e.g.
activity-promoting chairs) or sitting (e.g. sit-stand
desks), but rarely both (e.g. treadmill desks). For ex-
ample, if it turns out that the health effects currently
associated to SB are in fact caused by minPA but not
by sitting, the recommendation for using standing
workplaces could be questioned from the sedentary
research perspective. Furthermore, if the measured
times are interpreted on an individual level to detect
daily behaviour patterns or prolonged sitting bouts
[53], the simplification of equating minPA with sitting
holds no longer true. In line with Matthews et al. [4],
we noticed in a recent study a very small bias (− 7
min per day) between minPA (ActiGraph, waist-worn,
VA, 100 cpm) and sitting (activPAL), but a very large
bias (− 105 min per day) between the two sensors
when looking at the time spent in bouts ≥10 min
[54]. A similar underestimation of prolonged sitting
was found in other studies [52, 55], indicating that
prolonged sitting (activPAL) contains some LPA minutes
(ActiGraph) breaking up SB. In this respect, we consider it
important to combine the activPAL to measure sitting
with the ActiGraph to measure minPA in order to
uncover the true activity level of free-living sitting and
standing, inside and outside the office workplace. This
combination would further allow to use posture-specific
cut-points for the activity classification, to measure SB in
line with its definition [1], and ultimately to fuse the phys-
ical behaviour measurements of occupational and public
health.

Discriminant validity for the behaviour, activity, and
posture classification
The validity to discriminate activity level into minPA
and LPA was substantially higher than the validity to
discriminate behaviour into SB and non-SB and to dis-
criminate posture into sitting and standing. Accordingly,
differences in cpm cut-point classifications should be
interpreted as differences in the activity level, and not as
differences in the behaviour or posture classification.

Activity-promoting chair
To inspect the cut-points’ ability to detect the effect of
an active workplace intervention, the study combined an

activity-promoting office chair with an oral prompting.
This combination had a strong effect on the activity level
compared to the conventional chair and the standing
desk. It significantly increased the participants MET by
around 13%, thereby reducing the minPA time and thus
SB by around 32%.
In line, the average cpm for the waist VA and VM sig-

nificantly differed between the activity-promoting and
conventional chair, while there was no workplace effect
for the wrist VM (Table 3). This observation can be ex-
plained by the investigated chair: The activity-promoting
chair reduced the time in minPA by continuous lateral
pelvis movements increasing the waist but not the wrist
cpm. Accordingly, the waist reached a higher, but still
only a fair validity to discriminate the activity level. It is
therefore questionable whether the waist placement de-
tects a true activity change induced by a seated active
workplace intervention in a future field study. This is all
the more remarkable as the activity-promoting chair dir-
ectly affected the movement pattern of the pelvis. We
assume that the conversion from the raw acceleration to
the cpm is not sensitive enough to detect an increased
activity caused by a continuous, impact-free pelvis mo-
tion with a cut-point approach, and would expect even
lower validities for an active workplace intervention not
affecting the pelvis motion (e.g. cycling desk). Conse-
quently, a seated, impact-free active workplace inter-
vention should not be analysed with a waist or wrist
cut-point.

Standing desk
Due to the prescribed posture, the standing desk
eliminated SB completely, but there was no effect on
the MET value nor on the activity classification. This
observation is in line with [56, 57] but stays in con-
trast to [58, 59].
Despite the same activity level, there was a strong

workplace effect on the waist VA and VM cpm (ES
≥0.63), both having significantly higher cpm for the
standing desk than the conventional chair. In a study in-
vestigating the effect of a sit-stand-desk on the time
spent in minPA with a waist-worn sensor (e.g. [60]), this
might wrongly result in standing to be considered more
active than sitting. This observation underlines our rec-
ommendation to combine the waist placement with a
posture-based sensor and apply posture-specific cut-
points if participants use a sit-stand desk, and stays in
contrast to the Cochrane review on workplace interven-
tions that considered the ActiGraph waist as valid to
evaluate the effect of sit-stand desks on SB [18]. The
wrist sensor, on the other hand, had no different cpm
value between conventional sitting and the standing
desk, and detected minPA with a moderate agreement
for all workplaces. Thus, if the waist sensor is not
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combined with a posture-based sensor, the wrist should
be the placement of choice to analyse the effect of sit-
stand desks on the activity level.
In line to the poor concurrent validity to detect sit-

ting, the validity to discriminate sitting and standing
was poor and below what would be expected by
chance for all cut-points. We therefore conclude, in
accordance with previous research [61], that the
discrimination of posture into sitting and standing
with cut-points is not valid.

Task effects
Research repeatedly observed that the activity level is
more influenced by the office task than the workplace
[12, 62]. Although this study noticed a strong effect of
the activity-promoting chair, it noticed an even stronger
effect when changing from a computer-assisted task
(Mouse, Keyboard) to a non-computer-assisted task
(Sorting, Table 2). The average cpm for all tasks were
significantly different, except between Mouse and
Keyboard, which had a different MET but no different
activity level. The validity to discriminate the activity
level caused by task effects was moderate for the waist
and fair for the wrist, and all cut-points performed better

to discriminate between task effects than workplace
effects (Fig. 5). In fact, the waist cut-points are moderate
valid to detect task effects on the activity level.

Strengths and limitations
The present study measured an office worker sample
while performing office work, and the findings might
not be transferrable to situations outside the office. On
the other hand, the majority of the population works in
the office sector, and office work is the single largest
contributor to SB in the population. Office work is
therefore a highly relevant behaviour, even for
population-based epidemiological studies. The included
sample contained office workers in a wide range of age
(23–57 years), weight (55–100 kg), height (1.55–1.91 m)
and BMI (19.5–33.0 kg/m2), with eight overweight and
one obese, but 2/3 were below 40 years. Most of the par-
ticipants reported to stand less than 5 h a week at their
desk, four between 5 to 10 and 10 to 15 h, respectively,
and one > 15 h. The average office worker spends around
64–82% of the working time sedentary, while our sample
reported to sit for 78% of their working time at an office
desk. Thus, we consider our sample to be representative

Fig. 5 Discriminant validity for the behaviour, activity, and posture classification, separated by workplace and task effects. Kappa (left) error bars
denote the 95% confidence interval of commonly used counts-per-minute (cpm) cut-points. The dotted lines show the ROC curves (right) for
lower (down to 0) and higher cut-points (up to 500 and 750 for waist VA and VM and 15′000 for wrist VM). Note that the workplace effect for
waist (VM) shows a lower y-axis range for kappa. Since task effects never changed posture, only the activity classification is shown for task effects.
Definition of behaviour, activity level, and posture is given in Table 1
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for a general office worker population despite its slightly
young age.
This study showed that the three included workplaces

were actually different from each other, and both the
activity-promoting chair (reducing minPA) and the
standing desk (eliminating sitting) reduced SB. To
analyse the sensitivity of the observed effects, the entire
inferential statistic was repeated with traditional
methods (Friedman test), and exactly the same effects as
with the Generalized Estimation Equations were ob-
served. However, whether the activity-promoting office
chair in combination with oral prompting is an effective
intervention to break up SB at office workplaces remains
subject to future field studies. Due to the study method
with four office tasks performed at each of the three
workplaces, the results of the posture analysis are solely
caused by body posture, unaffected by the activity level.
This is why the presented validities stay in contrast to
those reported in field studies with a substantial agree-
ment between sitting and minPA.
Another strength of this study is the inclusion of both

a waist- and wrist-worn ActiGraph, and the analysis of
VA and VM for the waist sensor. Furthermore, the study
used both kappa and ROC curves and studied the
concurrent and the discriminant validity, for the low-
frequency-extension and the normal filtering (see
Additional file 1). We are aware that kappa is affected
by the prevalence- and bias-index [63]. The interested
reader therefore finds in Additional files 1 and 3 the
prevalence-adjusted-bias-adjusted-kappa. However, we
consider the kappa to reflect the true situation penal-
ized for prevalence and bias, while the prevalence-
adjusted-bias-adjusted-kappa relates to a hypothetical
situation with balanced behaviours [63]. With respect
to office work, the prominent minPA is a true chal-
lenge for each measurement system.
The data of the indirect calorimeter were processed on

a task-by-task level, while the ActiGraph data were proc-
essed on the typical minute-by-minute level. In case the
true activity level was for one task LPA for 1 min and
minPA for 4 min, our reference criterion classified the
entire 5 min as minPA. It therefore might be that the
validity of the ActiGraph cut-points is marginally higher
than reported due to the task-by-task processing for the
reference criterion. However, no substantial deviations
in the individual minute analysis were found (Additional
file 2). In this regard, it is also important to mention that
the lab-based nature of the present study with only a se-
lection of office tasks is a further limitation. The partici-
pants of this study performed each task for 5 min to
ensure the detection of a steady-state MET, while in
free-living office workers might change from one task to
another and from one workplace to another several
times a minute. However, office workers are known to

spend most of their working time sedentary, and accu-
mulate their sedentary time predominantly in long bouts
with rare posture changes [9, 10]. Furthermore, this
study classified all tasks into minPA and LPA, although
one subject exceeded once the upper MET threshold for
LPA (3.0 MET) and should have been classified as mod-
erately physically active. To separate the activity level in
minPA and LPA, the study used a threshold of 1.5 MET
[1, 64]. This threshold is the reason why the Mouse and
Keyboard have a significantly different MET but a simi-
lar activity classification. Although widely accepted, it is
important to note that the 1.5 MET threshold is arbi-
trary and there is no health-relevant evidence supporting
the threshold. We therefore reported the MET along
with the activity level. An increase from 1.35 to 1.45
MET might have similar health effects as an increase
from 1.45 to 1.55 MET.

Conclusion
This study showed that the ActiGraph cpm for waist
and wrist placement is, independently of the chosen cut-
point, a measure for the activity level and not for SB or
sitting. The cpm cut-points performed generally better
to discriminate the activity level caused by task effects
than workplace effects. Waist cut-points were most valid
to measure the activity level in conventional seated office
work, but they showed severe limitations for sit-stand
desks. None of the placements were able to detect the
increased activity on the activity-promoting chair.
Caution is therefore warranted when analysing work-
place interventions such as activity-promoting office
chairs and standing desks with ActiGraph waist and
wrist cut-points.
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