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Abstract
Background: Sedentary behaviour (SB) and low levels of physical activity (PA) are predictors of morbidity and
mortality. Tertiary employees spend a considerable amount of their daily time seated and new efficient strategies to
both reduce sedentary time and increase physical activity are needed. In that context, the REMOVE study aims at
evaluating the health effects of a 24-week cycling desk intervention among office workers.
Methods: A prospective, open-label, multicentre, two-arm parallel, randomized controlled trial (RCT) will be
conducted in office-sitting desk workers. Office workers (N = 80) who have 0.8 full time equivalent hours
(FTE) and 75% of this time in a sitting position will be recruited from tertiary worksites in Clermont-Ferrand,
France. Subjects will be randomly assigned to one of the two following interventions: (i) PPM6:
performance of two 30 min of cycling desk (using portable pedal exercise machine—PPM) per working day
for 6 months or (ii) CTL_PPM3: 3 months with no intervention (control) followed by 3 months during which
workers will be asked to complete two 30 min of PPM per working day. At baseline (T0), at 3 months (T1)
and at 6 months (T2) after the start of the interventions, primary outcomes; 7-day PA and SB (3Daccelerometers), secondary outcomes; body composition (bioelectrical impedance), physical fitness (aerobic
fitness, upper and lower limb strength), metabolic outcomes (fasting blood samples), self-perceived stress,
anxiety, quality of life at work and job strain (questionnaires), tertiary outcomes; resting metabolic rate and
cycling energy expenditure (indirect calorimetry) and eating behaviours (questionnaires) will be measured.
An ergonomic approach based on observations and individual interviews will be used to identify
parameters that could determine adherence.
Discussion: The REMOVE study will be the first RCT to assess the effects of cycling workstations on
objectively measured PA and SB during working and non-working hours and on key physiological and
psychological health outcomes. This study will provide important information regarding the implementation
of such cycling workstations in office workers and on the associated potential health benefits.
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Background
Sedentary behaviour (SB) is defined as any waking
behaviour characterized by an energy expenditure ≤ 1.5
metabolic equivalents (METs), while in a sitting, reclining or lying posture [1, 2]. Time spent sedentary and low
levels of physical activity (PA) are known to be major
predictors of cardiometabolic risks [3, 4]. Epidemiological studies further suggest that people engaged in
prolonged (uninterrupted) have higher cardio-metabolic
risks than people who regularly break up their sitting
time, independent of the total time spent sitting and
physically active [5, 6].
SB has continuously increased over the last century
due to environmental changes, including technology,
structure of industries, automation and computerisation
[7–9]. With the emergence and expansion of the tertiary
activities, the occupation domain has largely contributed
to the general adoption of SB, especially with the
generalization of the desk-bound activities [10]. For instance, during an 8-h working day, office workers spend
on average about 77% of the time sitting, 18% standing
and only 5% in other activities [11]. Office workers are
therefore particularly vulnerable to the adverse health
effects of SB.
Thus, the workplace represents an ideal setting to
implement strategies to promote PA and reduce SB,
especially prolonged SB, and thus improve employee’s
health [12, 13]. Recently, various strategies to reduce
sedentary time in the workplace have been developed
[14]. The use of active workstations such as desks
coupled with a treadmill, a cycling station or step have
been reported to reduce sedentary time at work and increase PA [15] along with positive health effects [16].
Most of these studies were conducted in individuals suffering from overweight or obesity and tested whether
such workstations were efficient to increase daily energy
expenditure. However, data in normal weight people to
support the preventative effect of such strategies remain
scarce [17]. In addition, the long-term effectiveness of
programs using active workstations to increase PA and
reduce SB on time spent sedentary (total duration, average
duration of each bout, number of breaks, etc.) and physically active but also on key biological parameters have not
been determined yet [18, 19]. Assessing the effect of such
a strategy on physical fitness is particularly relevant given
that both endurance capacity [20–22] and muscle strength
[23] are powerful predictors of mortality and morbidity
independent of the health status of the individuals.

Interventions should not only focus on the operational
feasibility but also consider the potential side-effects on
the employees’ work task quality and productivity. Interventions aiming at increasing PA and reducing SB in office
workers should assess the coherence and compatibility
with the working environment, structuration, culture and
the way they live and experience their work [24].
To date, results on the effects of interventions in the
work environment to reduce SB are not clear-cut, potentially because of the limited number of studies, the relatively low samples sizes, the heterogeneity in the study
designs and the lack of highly rigorous studies. Based on
this observation, Shrestha et al. concluded on the need
for long-term, multi-place, randomized controlled studies with objective measurement of PA and SB not only
during the work period but also outside of work [19].
On top of these methodological issues is the use of
treadmills or cycling desks in most of the available studies; the implementation of these devices is however limited because of their high cost, large size (that may not
fit in small offices) and lack of portability [25]. Portable
pedal machine (PPM) have been recently designed and
proposed for such interventions. They can be settled
under a desk, sparing a lot of space, and are easy to
use. They open new possibilities for the development
of strategies aiming at fighting against SB in tertiary
worksite [16, 25].

Objectives
The primary objective of this study is to evaluate the
effects of a cycling workstation program (30 min twice a
day) for 3 months among tertiary employees on PA and
SB during working and non-working days. Our secondary objective is to assess the effect of this cycling workstation program on body composition, physical fitness
and cardiometabolic risk factors (composite measure of
fasting glucose, insulin, triglycerides, HDL-cholesterol,
LDL-cholesterol, C-reactive protein or CRP, blood pressure and heart rate variability) and psychological parameters. Our third objective is to do an ergonomic
assessment and determine the effects of this cycling
workstation program on resting metabolic rate, cycling
energy expenditure, eating behaviour and the implementation of the device in the worksite. Finally, we will extend the initial 3-month intervention with 3 additional
months and thus test the 6-month effects of the intervention on the above-mentioned outcomes.

Guirado et al. Trials

(2021) 22:359

Hypothesis
We hypothesize that the daily use of a cycling workstation for 3 months will increase PA and reduce SB on
both working and non-working days and will improve
physical and psychological health outcomes compared to
a control condition with no intervention. The addition
of three extra months of intervention (i.e. 6 months
total) will further improve the study parameters compared to the effects that will be observed after 3 months
of intervention.
Methods and analysis
Study design

The REMOVE study is a prospective, exploratory,
randomized, controlled, open-label, multicentre, twoarm parallel trial in office-sitting desk workers (Fig. 1).
Eighty tertiary employees from Clermont-Ferrand
(France) will be recruited to participate in this protocol.
Three worksites of moderate size (n = 80 employees
across the 3 sites) will be randomly assigned to one of
the two interventions: (1) CTL_PPM3, an intervention
with two consecutive periods: 3 months with no change
of working conditions (CTL: control phase) and 3
months of PPM use (PPM3), and (2) PPM6, an intervention with 6 months of PPM use. Tests will be performed
on both groups at baseline (T0), after 3 (T1) and 6
months (T2) of the intervention. Information sheets will
be given to all the participants and written informed
consent will be obtained for each participant. This study
has been approved by the ethical authorities (CPP IDF
VIII 19 09 66) and registered as a clinical trial under the
reference number NCT04153214 (clinicaltrials.gov).

Fig. 1 Study overview
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Study setting and eligibility

Worksites will be recruited in Clermont-Ferrand, Region
Rhones-Alpes-Auvergne, France. Selected worksites will
be drawn from distinct work sectors: administration of the
Universities, healthcare administration and school board.
Study eligibility
Worksite eligibility criteria

Worksites will be selected if they respond to the following criteria: desk-bound job employees, no use of sitstand desk or other active working station, every CEO
agrees that participants will do the three test sessions (2
h each) during working hours. The worksites will not
interact between each other.
Participant eligibility criteria

Participation is voluntary. Participants will be recruited
if they fulfil the following criteria: aged 18–61 years, BMI
≤ 29.9 kg/m2, are employed more than 80% full time
with 75 % of this time in a sitting position (seated office
work such as computer or telephone-based work), do
not have a contact job where the PPM can be badly experienced by the visitor, do not practice PA more than
2.5 h per week, are able to cycle for 30-min per session
and 60-min per day and agree to be randomized.
Participant exclusion criteria

Employees will not be included if they have acute or
chronic infections, oncological diseases, joint replacements or any surgery within the previous 6 weeks, psychiatric disorders, are pregnant or breastfeeding women,
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have diabetes treated with insulin and any condition that
might affect the use of the PPM.
Protocol status
Recruitment of participants

At the selected sites, an informal session will be conducted
among employees, detailing the objectives of the study and
the protocol. Following this first meeting, volunteers will inform their managers and the investigators of their willingness to participate. Then, they will have a screening visit
with a member of the study team to verify inclusion and
exclusion criteria and sign a written informed consent.
Prior to any inclusion, study requirements will be repeated
and participants will be able to withdraw from the study at
any time without giving any explanation.
Randomization

A permuted-block randomization (i.e. random block
sizes) will be conducted by the study biostatistician using
a computer-generated random allocation (Stata software,
version 15, StataCorp, College Station, US), with a 1:1
ratio allocation, ensuring complete randomness of the
assignment of a patient to each randomized group. The
randomization will be stratified by centre. The
randomization and allocation process will be performed
by the statistician involved in this study. Physicians will
be involved for the enrolment participants.
Intervention

The objective of the study is to replace 30 min of sedentary
time by 30 min of PA of light intensity (LPA), twice a day,
during the five working days (i.e. 60 min/day). Therefore,
office workers should accumulate 5 h of LPA per week.
This study design choice was motivated by recent observations from epidemiological studies. The replacement of 60
min per day of sedentary time by LPA has been associated
with a decrease in the risk of all-cause mortality by 40% in
a study [26] and 18 % in another one [27].
Volunteers will be provided PPM (DeskCycle, 3D
Innovations LLC., Greeley, CO, USA). The device
requires only little space and can be slipped under the
desk while using it or not.
Subjects enrolled in PPM6 group will be equipped
with a PPM under their desk and will use it 60 min per
working day (30 min continuously in the morning and
30 min in the afternoon) during 6 months.
Subjects in the CTL_PPM3 group will maintain
their habitual daily activities during the first 3 months.
Then, they will also have a PPM under their desk
and will use it 60 min per working day (30 min in the
morning and 30 min in the afternoon) during the next
3 months. The time of use in the morning or afternoon is left to the choice of the subjects and may
change from one day to another.
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Before using the PPM, every participant will have a
familiarization visit for the use of the device. Thus, if
needed, their workstation will be adapted to adjust their
seat with the Deskcycle. While the PPM proposes 8 levels
of magnetic resistance, all the participants will perform
their cycling exercises at the same intensity (resistance
level 2) that allows to pedal with a minimum of resistance.
The speed will be chosen by participants to not disturb
them during their work. PPM has a monitor to inform
users about the completed total distance, duration of exercise, speed of cycling and revolutions per minute (RPM).
Subjects will fill up a notebook on a Microsoft Excel files
to inform investigators of what he/she did at each session
of cycling (performed : yes or no, completed distance, time
and duration of cycling) that will be gathered every week
by the study team. This information will be used to estimate participants’ adherence to the intervention.
Notebooks will inform us if participants properly completed the intervention. Pop-up reminders will be sent via
emails to the participants twice a day (1 h before lunch
break and 1 h before the end of daywork) and will contain
information regarding the overall effects of sedentary time
on health and on the benefits of PA. Pop-up notifications
will be used if participants will not reach three times in a
working week the 30 min per half-day. Such motivational
approach has been shown to be efficient and will be used
here to motivate participants to maintain the requested
60 min of cycling per day [25]. Every week, a member of
the research team will meet the participants at their workplace to have direct feedback on their use of the PPM and
to keep their level of engagement as high as possible. Each
participant should keep their daily activities and care without any modification except those asked in the protocol.
Data collection

All measurements will be performed on three different
occasions: baseline (T0), 3 months (T1) and 6 months
(T2). Figure 1 and Table 1 present the overall study. All
the clinical measurements will be done at the Laboratory
of the Metabolic Adaptations to Exercise under Physiological and Pathological Conditions, in Clermont-Ferrand
(France).
Socio-demographic data

At baseline, socio-demographic data including age, gender, education level, marital status, household composition, number of children living in the household and
employment status (i.e. length of tenure, working hours,
overtime hours and job classification) will be collected.
Also, medications and/or altered doses of an existing
treatment over the last 3 months will be recorded. At T1
and T2, participants will be asked to report any life
events that may have occurred over the past 3 months
that may have affected their health or wellbeing.
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Table 1 Measurements timeline for both groups

Secondary outcomes
Health-related outcomes

Measurements timeline for both groups
Measurement

Baseline 3 months 6 months

Socio-demographic data

X

Objectively measured of PA and SED X

X

X

Self-reported lifestyle behaviours

X

X

X

Health-related outcomes

X

X

X

Body composition

X

X

X

Physical fitness

X

X

X

Metabolic outcomes

X

X

X

Stress and anxiety

X

X

X

Life span and quality

X

X

X

Resting metabolic rate

X

X

Satisfaction and adherence

X
X

Primary outcomes
Physical activity level and sedentary time

Two devices will be used, to ensure a more precise
evaluation of PA [28]. Daily light, moderate, and vigorous PA will be measured objectively with the tri-axial
Actigraph GT3x-BT monitor (AG) (Actigraph LLC,
Pensacola, Fl, USA). This monitor will be worn at the
waist above the right hip with an elastic belt during 5
days [29]. Participants will be asked to wear AG during
all their waking hours, except during water-based activities. This device is accurate to classify PA in daily life
environments [30] and have been validated in adult
population [31].
The second device used is an activPAL3 micro (AP)
(PAL Technologies Limited, Glasgow, UK; default
settings) worn on the mid-line of the right thigh. This
inclinometer monitor will be worn continuously
during the same 5 days than the AG except during
water-based activities. ActivPAL3 micro has been validated to evaluate time spent sitting/lying, standing,
walking, number of sedentary bouts and number of
breaks of those sedentary bouts [32, 33]. Participants
will be asked to precisely indicate when they will use
the PPM since AP might not be sensitive enough to
detect this behaviour [34].
During each measurement period, subjects will report
their exact bed time, wake up time, time they start wearing the activity monitors and time when they took them
of. Participants will also be asked to report the time they
arrive at work and leave from work as well as any period
of not wearing the monitors. This information will be
used to calculate the variables from the activity devices
during the entire day on both working and non-working
days. Time spent active and sedentary will also be
assessed during the working hours and non-working
hours of the working days.

Blood pressure will be measured three times at each visit
on the right arm of the participant who will be in a
seated position. Only the last value will be reported.
For anthropometric measurements, participants will
wear light indoor clothing without shoes. Body height
will be assessed with a stadiometer. Value will be taken
to the closest 0.1 cm. Body weight will be assessed to the
closest 0.1 kg with a scale (Tanita MC-780, Tanita, USA,
Arlington Heights). Thereby, body mass index will be
calculated using following formula BMI = weight(kg)/
height(m)2.
Waist circumference (WC) will be measured with a
tape measure to the nearest 0.5 cm, and WC to height
ratio (WHtR) will be calculated. This ratio is a better
predictor of intra-abdominal fat mass than WC alone
[35] in both men and women [36].
Body composition

FM distribution, assessed by WHtR, and total FM are
good predictors of cardiovascular disease [37], cardiometabolic disease [38] and some cancers including
colorectal [39, 40], prostate [41], liver [42] and breast
[43] cancers.
FFM has a high metabolic activity, plays a major role
in metabolism (whole-body protein metabolism [44],
post-prandial glucose uptake) and is the main determinant of resting energy expenditure [45].
Body composition will be evaluated in fasting conditions with a bioelectrical impedance (Tanita MC-780,
USA, Arlington Heights) to determine absolute values of
fat mass (FM) and fat-free mass (FFM). This device has
shown a good reliability to obtain FM and FFM for
adults [46] with different levels of PA [47] compared to
measurements with dual-energy X-ray absorptiometry
(DXA), considered to be the gold-standard method.
Physical fitness

Systematic review and meta-analysis reported that a low
cardiorespiratory fitness is associated with higher risks of
morbidity and mortality for people in good health [48, 49]
or with chronic disease [50, 51]. Reduced muscle strength,
as measured by grip strength, has also been associated
with an increased risk of all-cause and cardiovascular
mortality in socio-culturally and economically diverse
countries [52].
Aerobic fitness will be evaluated with the Step Test. The
step used for this test will be at a height of 16.25 inches
(41.3 cm) for men and 11.8 inches (30 cm) for women.
Stepping up and down will last for 6 min at the rate of 24
cycles per minute, set by a metronome. Subjects will wear a
heart rate monitor Zephyr™ BioHarness™ (Zephyr Technology, Annapolis, USA) during the test. Heart rate will be
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recorded at the end of the test, after 30 s and 60 s of recovery. This test has been found reliable for healthy adults and
is highly reproducible [53].
Low muscle mass and strength is associated with
higher risk of mortality [54]. Muscle strength will be
evaluated through upper and lower limb strength. A
handgrip dynamometer will be used with dominant hand
to assess upper limb strength. Three measurements will
be made and only the best one will be registered. This
method has already proved its efficiency and reliability
with healthy adults [23, 55, 56] and in clinical use [57].
Lower limb strength will be assessed through a kneeextension power test on an isokinetic dynamometer
(Biodex System 2, Biodex, Shirley, USA). Torque and
power data will be corrected for gravity and will be digitized and exported at a rate of 2 kHz to an external data
acquisition system (PowerLab 8/35; ADInstrument, New
South Wales, Australia) driven by the LabChart 7.3 Pro
software (ADInstrument, New South Wales, Australia).
This isokinetic dynamometer has been validated and
found reliable for isometric and concentric assessment
[58, 59]. Subjects will be seated comfortably with a hip
joint at 105° of flexion and will be attached on the trunk,
the hip and the left leg to the dynamometer chair with
Velcro straps to provide a complete stability during
every maximal contraction. The dynamometer lever arm
will be attached to the right leg by a strap positioned 1–
2 cm above the lateral malleolus. Torque will be measured at a knee joint angle of 90°. Participants will
perform three isometric 3 s-Maximum Voluntary
Contraction (MVC) with 2 min of rest between each try.
Peak torque values will be checked during data collection and an additional test will be done when there is a
torque variation higher than 10% between the three
tests. Then, only the best one will be reported.
Concentric torque will also be measured during three
MVCs performed at a velocity of 60°/s and 120°/s. The
extension will be at their maximal abilities when the
flexion will be done at their own comfort speed. Between
the two different velocities, subject will have 2 min of
rest. Only the best peak power will be reported.
Metabolic outcomes

Large volumes of SB sedentary time increase cardiometabolic risks and inflammatory biomarkers [60]. Reducing
SB with an increasing of PA are more favourable to preserve metabolic health [61, 62].
Basal blood samples will be drawn after a 12-h overnight fast by a nurse. It will be asked to every subject to
keep their usual daily activities. However, they will be
instructed to avoid high intensity exercise and stressful
situations on the day before the test and to avoid
caffeine consumption and nicotine in the morning
before the test.
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Blood will be centrifuged and plasma will be kept
frozen in aliquots at − 80 °C until analysis in batch. All
samples will be shipped to laboratories on dry ice at
each end of evaluation period (T0, T1, T2).
Lipids profile and inflammatory markers will be
measured using a Dimension Vista® system (Siemens
Healthcare GmbH, Erlangen, Germany). Plasma triglycerides will be measured with Dimenson Flex™ reagent cartridges (inter-assay CV = 3% at 68 mg/dL, 2% at 384 mg/
dL) (intra-assay CV = 4% at 68 mg/dL, 2% at 384 mg/dL).
Plasma LDL-cholesterol will be assessed with Dimenson
Flex™ reagent cartridges (inter-assay CV = 2% at 50 mg/
dL, 2% at 145 mg/dL) (intra-assay CV = 4% at 50 mg/dL,
4% at 145 mg/dL). Plasma HDL-cholesterol will be measured with Dimenson Flex™ reagent cartridges (inter-assay
CV = 1.6% at 47 mg/dL, 1.9% at 69 mg/dL) (intra-assay
CV = 2.3% at 47 mg/dL, 2.1% at 67 mg/dL). Plasma
glucose will be measured with Dimenson Flex™ reagent
cartridges (inter-assay CV = 2% at 75 mg/dL, 1% at 379
mg/dL) (intra-assay CV = 3% at 75 mg/dL, 2% at 379 mg/
dL). Plasma insulin will be assessed with IMMULITE®
2000 System (inter-assay CV = 7.3% at 7.67 μIU/mL, 5%
at 26.4 μIU/mL) (intra-assay CV = 5.5% at 7.67 μIU/mL,
3.9% at 26.4 μIU/mL). Insulin resistance will be determined with the use of the homeostasis model assessment
of insulin resistance (HOMA-IR) [63]. Plasma high sensitivity C-reactive protein will be measured with Dimenson
Flex™ reagent cartridges (inter-assay CV = 4.8% at 0.115
mg/dL, 5.4% at 0.346 mg/dL) (intra-assay CV = 4% at
0.115 mg/dL, 4.4% at 0.346 mg/dL).

Stress and anxiety

High levels of SB have been associated with increased
risks for mental disturbances [64] such as stress [65], depression [66, 67] or anxiety [68]. On the other hand,
meta-analysis demonstrated that regular PA decreases
anxiety [69] and depression [70]. Stress and anxiety will
be measured by questionnaires and objective methods
(blood anandamide levels and heart rate variability).
Plasma N-arachidonylethanolamine, also known as
anandamide (AEA), is a lipid which is involved in pain
perception, anxiety and depression and in stress response [71]. It has been shown that anxiety inversely
correlates with blood AEA levels in humans [72, 73].
Blood AEA will be measured by enzyme-linked immunosorbent assay (ELISA) (Clound-Clone Corporation,
Houston, TX, USA) (inter-assay CV < 12%, intra-assay:
CV < 10%; detection range 2.47–200 ng/mL).
Heart rate variability is a cardiovascular risk marker [74]
associated with burnout [75] and chronic stress [76]. It is
also an indirect measure of autonomic nervous system
[77, 78]. It will be evaluated during 24 h with heart rate
monitor Zephyr™ BioHarness™ (Zephyr Technology,
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Annapolis, USA), and analysed according to the “Task
Force recommendations” [79].
Stress level at work [80] and at home will be assessed
by a visual analogic scale (VAS) on a horizontal line of
100 mm, ranging from very low (1—no stress) to very
high (100—maximal stress).
Equanimity is the ability to have an attentional, emotional and cognitive balance of the mind [81]. This parameter will be evaluated with the Two Factor Equanimity
Scale (EQUA-S), which has been validated [82].
Quality of life at work and job strain

A socio-ecological approach suggests to evaluate individual behaviour with a multiple level factors focused on
the social and physical environment [83]. Reducing SB
with an increasing of moderate-to-vigorous PA can be a
strategy to improve the quality of life (QOL) [84]. To
our knowledge, no study has assessed the effect of
increasing light PA and reducing SB on the worksite on
QOL.
The Job Content Questionnaire is one of the most
widely used questionnaires; it relates the characteristics
of a workplace to health and well-being [85] and relies
on the demand-control model [86]. This test has shown
a good reliability with middle-aged adults [87]. The imbalance between high efforts spent at work and low rewards received will be assessed by the effort-reward
imbalance (ERI) questionnaire designed by Siegrist [88].
This questionnaire has also been validated in this population [89].
Pain will be evaluated by the Nordic Musculoskeletal
Questionnaire (NMQ) [90, 91]. This questionnaire has
been validated in working population [92] including
office workers [93].
To evaluate the QOL at work, five different VAS for
mental and physical fatigue, burnout, life and sleep quality
will be used. These VAS will be on a horizontal line of
100 mm, ranging from very low (1) to very high (100) [77].
Exploratory outcomes
Resting metabolic rate and cycling energy expenditure

Resting metabolic rate (RMR) will be measured by indirect calorimetry (FitMate™ -COSMED, Rome, Italy) [94].
This method with FitMate™ device has been validated in
healthy adults [95]. Before the test, gas analysis will be
calibrated following the instructions of the manufacturer’s recommendations. Subjects will stay 20 min in a
chair and remain calm in a quiet place. O2 consumption
will be measured for 15 min minimum and the last 5
min will be reported [96]. RMR will be calculated using
the Weir’s equation [97].
Participants will undergo a 30-min exercise testing
using the DeskCycle device. The objective will be to
demonstrate that this exercise is of light-intensity. It will
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also allow to observe whether there is a metabolic adaptation after 3 and 6 months of using the PPM. During
the exercise testing, energy expenditure and substrate
utilization will be calculated by measuring gas exchange
by indirect calorimetry with a portable device (MetaMax
3b; Cortex Biophysik, Leipzig, Germany). This device
has been validated for gas exchange measurements during exercise [98]. Before each test, gas analysis will be
calibrated according to the manufacturer’s recommendations. Subject will be seated in a comfortable position to
pedal and in a thermoneutral environment. The resistance will be set at 2 and RPM at 50 during the whole
test. Gas exchange will be measured for 30 min. Energy
expenditure will be derived from calorimetry-measured
VO2 and VCO2 using Weir’s equation [97]. Substrate
utilization will be derived using Peronnet and Massicotte
equation [99].
Eating behaviours

Modern sedentary behaviours are known to promote
food overconsumption [100, 101], which coupled with
low levels of energy expenditure can favour chronic
positive energy balance and long-term weight gain. The
effect of the intervention on eating behaviours will be
determined using two complementary questionnaires
[102]. A revised version of the Three-Factor Eating
Questionnaire (TFEQ R21) [103] will be used to assess
three different domains: uncontrolled eating, emotional
eating and cognitive restraint. Answers will be coded following the instruction of Cappelleri et al. [104]. The
Dutch Eating Behaviour Questionnaire (DEBQ) will also
be used for assessing three different domains: external,
restrained and emotional eating. Answers will be coded
following the instruction of Lluch et al [105]. Both questionnaire exist in French language and have been
adapted to the French population [103, 105, 106].
Ergonomic assessment

Satisfaction and adherence will be evaluated 6 months
(T2) after baseline measurements.
A lack of adherence to programs aiming at increasing
PA in tertiary employees has been reported multiple
times [107, 108]. Genin et al. postulated that interventions targeting PA and SB in tertiary employees should
not only consider the operational feasibility but also the
coherence and compatibility with the working environment, structuration, functioning as well as the workers
and the way they live and experience their work [24].
Therefore, an ergonomic approach is needed to improve
the implementation of such an intervention in future
studies but also to optimize future guidelines on strategies to reduce SB in tertiary worksite.
A satisfaction questionnaire will be given to all participants at the end of the program. A one-on-one interview

Guirado et al. Trials

(2021) 22:359

will be done by an ergonomic specialist with each participant. This interview will aim to better understand (1)
how PA on the workstation has been conciliated with
the work tasks performed by the subject and (2) reasons
of subject’s involvement in the prescription of PA. To
achieve this objective, an analysis of the subject’s diary
will be carried out as well as a direct, semi-direct or
open interview on the participant’s motivations. These
interviews will be recorded with the permission of each
participant. These recordings are essential for the analysis of the verbal data collected.
Sample size and power calculation

Sample size estimation is based on CONSORT 2010
statement for the comparison between randomized
groups. In these statements, Eldridge et al. suggested
“that the size of a trial should be related to the size of
the future definitive RCT and for such a trial designed
with 90% power and two sided 5% significance” [109].
They “recommend trial sample sizes for each treatment
arm of 75, 25, 15, and 10 for standardized effect sizes
that are extra small (0.1), small (0.2), medium (0.5), or
large (0.8), respectively”. Considering a two-sided type I
error at 5% and a statistical power greater than 80%, an
effect size of 1 can be assumed for the PA and SB levels
score with 18 patients per group. To take into account
the lost to follow-up, a maximum of 80 patients (20 by
arm, 50% females) will be included in the study.
Statistical analyses

Statistical analyses will be conducted using Stata software (version 15, StataCorp, College Station, USA). A
two-sided p value of less than 0.05 will be considered to
indicate statistical significance. Participants will be described at baseline and between-group comparison will
be tested using an unpaired t test for the following variables: compliance with eligibility criteria, demographic
characteristics, clinical characteristics and medication. A
possible difference between groups in any of these characteristics will be determined by both clinical and statistical considerations. The number of patients included
and the inclusion curve will be presented by group.
The primary endpoint (time spent in PA and SB) will
be compared between groups by Student’s t test or the
non-parametric Mann-Whitney test if assumptions of
parametric tests are not met. The normality will be studied using Shapiro-Wilk test. The homoscedasticity will
be analysed with Fisher-Snedecor test. The results will
be expressed using effect size and 95% confidence interval. Intention-to-treat analysis will be considered for the
primary analysis. In order to prevent attrition bias, imputation of the missing data is planned. The statistical
analysis plan also provides for an additional per-protocol
analysis. Then, the analysis of the primary outcome will
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be completed by multivariable analysis using a linear
mixed model to compare PA and SB score between
randomized groups taking into account (i) covariates
determined according to univariate results and to clinical relevance (gender, age and baseline PA and SB) and
(ii) centre as random-effects (to measure between- and
within-centres variability). The normality of the residuals
from linear regression will be studied. If necessary, a
logarithmic transformation of the dependent variable
will be proposed. The results will be expressed using
effect-sizes and 95% confidence intervals.
The comparisons between the randomized groups will
be performed (1) as aforementioned for continuous secondary endpoints and (2) using the chi-squared or Fisher
exact tests for categorical variables. For non-Gaussian
data, results will be presented using median difference and
95% confidence intervals estimated using quantile regression model. For categorical parameters, the results will be
expressed using absolute differences and 95% confidence
intervals. The multivariable analysis associated to dichotomous endpoints will be generalized linear mixed model,
with logit link function, and centre as random-effect. As
secondary endpoints will be exploratory, no type I error
correction will be applied, but the results will be expressed
with odds ratios and 95% confidence intervals.
Longitudinal data will be analysed using random-effects
regressions, modelling between and within patient effect,
as random-effect, in addition to centre effect. The following fixed effects will be studied: randomization group,
time-points evaluation and their interaction.
According to clinical relevance and to the European
Medicines and Consolidated Standards of Reporting Trials recommendations, planned subgroup analyses will be
proposed after completion of the study. Subgroup ×
randomization group interaction will be added to the in
regression models with factors such as gender or age
used for the subgroup analysis.
Particular attention, mainly descriptive, will be paid to
study the adherence of participants and identify barriers
and challenges to their motivations and ability to perform
the PA intervention. A sensitivity analysis will be performed to study the statistical nature of missing data and
to determine the most appropriate approach to the imputation of missing data: maximum bias (e.g. last observation
carried forward, baseline observation carried forward) or
estimation proposed by Verbeke and Molenberghs for
repeated data. A study of patients’ abandoning will be proposed considering this parameter as a censored data, and
consequently using the Kaplan-Meier to estimate it and
log-rank for the comparison between groups.
Data management

The Innovation and Clinical Research Direction (ICRD)
of the University Hospital of Clermont-Ferrand carried
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out the method for data management but will not have
any authority or interfere in the data entry. Qualitative
and quantitative data will be entered in paper-based case
report forms and electronically into a database by TG.
Regular verification will be conducted to ensure the
accuracy of the coding and entry by members of the REMOVE team. Access to all the information regarding the
study and to the database will be restricted and
controlled. The electronic data forms will be kept safe in
a specific computer in the research laboratory with
access code needed. All paper-based form related to the
trial will be kept in locked closets. While updating the
database, a complete back-up will be executed twice
weekly. These back-ups will be stored on two external
hard drives kept either off-site and among the research
laboratory.
Monitoring
Coordinating centre

The coordinating team will meet regularly, every 2
months, being composed of the principal investigator
and the co-investigators. The principal investigator will
supervised and coordinated the co-investigators during
the trial.
Data monitoring committee (21a)

ICRD has also the role of the data monitoring committee. The committee may ask at any moment of the trial
a report to the data management team to ensure the
validity and the safety of the data. The committee will
not review or discuss data pertaining to trial progress
and have no competing interests.
Harms (22)

We do not anticipate any harm in this study. While the
intervention aims to increase physical activity with very
low exercise intensity, no unexplained adverse events are
expected. However, if any adverse events occur during
the intervention, the principal investigator will be informed. Regarding the magnitude of the harms, the
principal investigator might inform the sponsor and terminate the study.
Auditing (23)

The sponsor might regularly audit the process of the
whole study to ensure that all ethical rules are respected.
An audit procedure will be executed at the end of inclusion to ensure the validity of the written informed consents. Another one will be performed after the first
measurements (T0) to ensure that case report forms
have been correctly fulfilled. There will not be any other
auditing conducted during the intervention program,
based on the low-risk intervention of this study.
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Ethics and dissemination (24–31c)
Ethics

Ethics approval and consent to participate have been obtained from the ethical authorities (Comité de Protection
des Personne Ile de France VIII 19 09 66). Written,
informed consent will be obtained from all participants.
Any modification to the protocol that affects trial
methodology and outcomes will require a formal amendment. The amendment will be agreed upon by the
principal investigator and has to be approved by the
ethics committee.
Consent and ancillary studies

One of the study medical investigators (under the supervision and coordination of the principal investigator) will
meet individually every subjects that expressed their
willingness to participate in the present study. During
the screening visit, participants will sign a written informed consent to validate their inclusion. Every participant will provide written consent for the possibility of
ancillary studies. Regarding this disposition, there will be
no additional consent for this study.
Confidentiality

All participants’ information will be collected in a pseudonymous form to ensure a complete anonymity of their
data throughout the research process. Participants will
be informed of the confidentiality and the anonymity of
their data in the information note and the ethical application. Furthermore, participants will take notice of their
ability of withdrawal from the study and to withdraw/
amend parts of their data at any moment.
Data will be kept safe in a specific computer in the
research laboratory with access code needed. Only the
principal investigator will be allowed to open the specific
session for data access.
Dissemination

The results of the REMOVE trial will be disseminated to
participants and the collaborating tertiary societies. The
study findings will be presented at national and international conferences. The results will also be submitted
to peer-review journals regardless of the magnitude or
direction of the outcomes.
Authorship rules will be respected based on the
International Committee of Medical Journal Editors
recommendations.

Discussion
Recent literature has recognized time spent in SB and
levels of PA as major predictors of cardiometabolic risks
[3, 4]. With the “tertiarisation” of our societies, the
worksite has become a place where SB have significantly
increased [110]. It is also considered as a new strategic
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setting to conduct public health interventions aiming at
reducing time spent sedentary. Using the constrained
time employees spent seated to promote body motion
appears as a promising alternative to fight against SB. In
addition to work-induced sedentariness, job stress can
also increase the risks of coronary heart disease [111],
chronic diseases [112] and sick leave [113]. Both PA and
SB are associated with decreased and increased anxiety,
respectively [68, 69].
The REMOVE study will tend to provide new insight
in a field that remains poorly explored [16, 25] with a
potentially huge impact on global health. While the use
of active desks has been mainly tested in individuals with
overweight or obesity [17], the REMOVE study will determine the impact of active desk—PPM—on PA behaviour and health outcomes in healthy employees during 3
and 6 months using a primary prevention approach. The
objective assessment of the effects of worksite PPM on
PA and SB will be extended to the entire day and week,
including non-working days. To our knowledge, this trial
will be the first one to assess the medium and long-term
effects of the use of cycling desk (PPM) on the physical,
cardiometabolic, psychological and overall health of
tertiary employees.
The literature has shown that active workstations can
help to reduce SB and increase PA at work. Implementation of treadmills or cycling desks remains limited due
to their high cost, large size and their lack of practicality
for some population [25, 114]. Standing desk has not
been shown to be a very efficient strategy as it may increase musculoskeletal risk [115] and venous insufficiency [116] without any change in energy expenditure
[117]. The strength of the present study is the use of
PPM device. PPM can be easily settled under a desk,
spares a lot of place, is easy to use and allows any worksite to potentially implement this PPM in their offices.
Recent evidence associated LPA with a significant decrease in total and cardiovascular mortality [26]. Cardiometabolic health and especially glycaemic control are
improved with LPA [118]. On top of that, multiple short
periods of PA (< 10 min) have been shown to be more
attractive for the sedentary populations than longer continuous bouts, while they still significantly improve physical fitness [119, 120]. Accumulated and continuous
exercises have shown to elicit similar effects on physical
fitness, cardiovascular and cardiometabolic parameters
in inactive and sedentary populations [121, 122].
While the actual literature in this field has been shown
to suffer from the use of subjective measurements and
from a high methodological heterogeneity, the REMOVE
project will use objective methods, which will provide
with robust data. Our design, proposing two 3-month
phases is also a strength of the present work as it will
give the opportunity to evaluate the medium and long-
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term effects of the intervention, as well as key information on the long-term adherence of office workers.
Moreover, implementing PPM in multiple sites will
avoid any cluster effect and reinforce the generalizability
of our results [123].
Our team has previously described an important dropout rate during worksite programs that proposed on-site
PA during non-working hours among office workers
[108]. By contrast, this study is an interventional study,
and subjects will be monitored and motivated individually every day by receiving reminders (if time spent cycling < 60 min/day) and an on-site personal visit each
week. The purpose of these intervention components is
to decrease dropout rate and help subjects to modify
their behaviours.
Another strength of the REMOVE project is the implication of the companies’ management teams, as recently
suggested [24]. Every period of experimental measures
(T0, T1, T2) will last about 2 h. Measurement times will
be taken on working hours and employers have accepted
to pay every participant during the study visits. It is essential that participants receive financial and psychological support from their direction to be fully engaged
in the research project [124]. Based on the available evidence, we are convinced of the positive effect of this
protocol and its future long-term implementation within
companies.
Finally, the REMOVE project proposes an innovative
approach through its multidisciplinary structure by combining physiological, psychological and ergonomic assessment. Cardiometabolic parameters and psychological
well-being are frequently questioned in studies focusing
on tertiary employee’s health. The REMOVE project is
going one-step further by integrating the ergonomic assessment to the study.
It is important to understand why our intervention
can be effective but also to identify the potential barriers
and challenges that can limit adherence to the proposed
program. This will be assessed in the ergonomic component of the study. It will evaluate the impact of the trial on
office workers and see the strengths and weaknesses of
this implementation in tertiary societies. The ergonomic
evaluation will also observe how the PPM will change the
workspace and the quality of work. This assessment is
crucial to allow further implementation in companies.
At the end of the study, all employees (participants
and non-participants) and managers will have a feedback
on the study results. The expected positive results will
motivate employers to implement PPM in their enterprises but also employees to start or continue this type
of PA, perhaps in addition to more structured PA outside of work [124].
In conclusion, this study has substantial interest because the tertiary sector represents between 60 and 80 %
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of workers in western countries [125]. It is time to stop
focusing on treatment and disease management and to
shift our efforts towards the prevention of the risks of
preventable diseases, especially those associated with
large volumes of SB. If our hypotheses are confirmed,
results from our study will have important clinical,
scientific but also societal implications. It will open new
venues for future public health policies to protect people
from the development of cardiometabolic disorders
related to their occupation.
Trial status

Specific societies with tertiary employees have been contacted since January 2020. The study was planned to
start in September 2020, but due to COVID-19, the recruitment phase has been delayed. Finally, recruitment
finished on 15 March 2021. The study is anticipating to
be completed on September 2021. This version is V107-08-2020.
Abbreviations
AEA: N-arachidonylethanolamine; AG: Actigraph GT3x-BT; AP: ActivPAL3
micro; EQUA-S: The Two Factor Equanimity Scale; ERI: Effort-reward
imbalance; FFM: Fat-free mass; FM: Fat mass; METs: Metabolic equivalents;
NMQ: Nordic Musculoskeletal Questionnaire; PA: Physical activity;
PPM: Portable pedal machine; RMR: Resting metabolic rate; RPAQ: Recent
Physical Activity Questionnaire; SB: Sedentary behaviours; VAS: Visual
analogue scale; WHtR: Waist to height ratio; 1-RM: One-repetition maximum
Acknowledgements
We are grateful to I-SITE program of Clermont Auvergne University for funding salary of PhD student on this project.
Authors’ contributions
TG, LM, MD and DT designed the study; TG, LM, DT, BP, AB and MD
contributed significantly to the writing and revision of the manuscript. The
authors have neither financial conflict nor other conflicts of interest to
disclose. All the authors read and approved the final manuscript.
Funding
The study is integrally funded by University Hospital of Clermont-Ferrand
and the I-SITE program of Clermont Auvergne University. The funding source
has no role in the study design, collection, analysis, interpretation of data,
writing the manuscript and the decision to submit the manuscript for
publication. The funding source will not have an authority over any of these
activities.
Availability of data and materials
The principal investigator will be given access to the full data sets. The
datasets analysed during the present study may be shared from the
corresponding author on reasonable request with the approval of the
principal investigator and the sponsor. The French model consent form is
available from the corresponding author on request.

Declarations
Ethics approval and consent to participate
We declare that this work has been approved with the ethical authorities
(Comité de Protection des Personne Ile de France VIII 19 09 66) and
registered as a clinical trial under the reference number NCT04153214
(clinicaltrials.gov). Written, informed consent will be obtained from all
participants.
Consent for publication
Not applicable

Page 11 of 14

Competing interests
The authors declare that they have no competing interests.
Author details
EA 3533, Laboratory of the Metabolic Adaptations to Exercise under
Physiological and Pathological Conditions (AME2P), UE3533, Clermont
Auvergne University, F-63171 63170 Aubiere CEDEX, 80026 Clermont-Ferrand,
BP, France. 2Auvergne Research Center for Human Nutrition (CRNH), 63000
Clermont-Ferrand, France. 3Department of Sport Medicine and Functional
Explorations, Clermont-Ferrand University Hospital, G. Montpied Hospital,
Clermont-Ferrand, France. 4INRA, UMR 1019, Clermont-Ferrand, France.
5
Clermont-Ferrand University Hospital, Biostatistics Unit (DRCI),
Clermont-Ferrand, France. 6Université de Strasbourg, CNRS, IPHC UMR 7178,
F-67000 Strasbourg, France. 7Division of Endocrinology, Metabolism and
Diabetes, Anschutz Health & Wellness Center, University of Colorado,
Anschutz Medical Campus, Aurora, CO, USA.
1

Received: 11 August 2020 Accepted: 7 May 2021

References
1. Sedentary Behaviour Research Network. Letter to the editor: standardized
use of the terms ‘sedentary’ and ‘sedentary behaviours’. Appl Physiol Nutr
Metab Physiol Appl Nutr Metab. 2012 Jun;37(3):540–2.
2. Tremblay MS, Aubert S, Barnes JD, Saunders TJ, Carson V, Latimer-Cheung
AE, et al. Sedentary Behavior Research Network (SBRN) - Terminology
Consensus Project process and outcome. Int J Behav Nutr Phys Act. 2017
10;14(1):75.
3. Acosta-Manzano P, Segura-Jiménez V, Coll-Risco I, Borges-Cosic M, CastroPiñero J, Delgado-Fernández M, et al. Association of sedentary time and
physical fitness with ideal cardiovascular health in perimenopausal women:
The FLAMENCO project. Maturitas. 2019;120:53–60. https://doi.org/10.1016/j.
maturitas.2018.11.015.
4. van der Velde JHPM, Schaper NC, Stehouwer CDA, van der Kallen CJH, Sep
SJS, Schram MT, et al. Which is more important for cardiometabolic health:
sedentary time, higher intensity physical activity or cardiorespiratory fitness?
The Maastricht Study. Diabetologia. 2018;61(12):2561–9. https://doi.org/10.1
007/s00125-018-4719-7.
5. Bellettiere J, Winkler EAH, Chastin SFM, Kerr J, Owen N, Dunstan DW, et al.
Associations of sitting accumulation patterns with cardio-metabolic risk
biomarkers in Australian adults. PloS One. 2017;12(6):e0180119. https://doi.
org/10.1371/journal.pone.0180119.
6. Diaz KM, Goldsmith J, Greenlee H, Strizich G, Qi Q, Mossavar-Rahmani Y,
et al. Prolonged, uninterrupted sedentary behavior and glycemic biomarkers
among US Hispanic/Latino adults: the HCHS/SOL (Hispanic Community
Health Study/Study of Latinos). Circulation. 2017;136(15):1362–73. https://
doi.org/10.1161/CIRCULATIONAHA.116.026858.
7. Ashford NA, Caldart CC. Technology, law, and the working environment.
Washington, DC: Revised Edition: Island Press; 1996.
8. Autor DH, Levy F, Murnane RJ. The skill content of recent technological
change: an empirical exploration. Q J Econ. 2003;118(4):1279–333. https://
doi.org/10.1162/003355303322552801.
9. Freeman RB. America Works: thoughts on an Exceptional U.S. labor market:
New York: Russell Sage Foundation; 2007.
10. Choi B, Schnall PL, Yang H, Dobson M, Landsbergis P, Israel L, et al.
Sedentary work, low physical job demand, and obesity in US workers. Am J
Ind Med. 2010;53(11):1088–101. https://doi.org/10.1002/ajim.20886.
11. Wick K, Faude O, Schwager S, Zahner L, Donath L. Deviation between
self-reported and measured occupational physical activity levels in
office employees: effects of age and body composition. Int Arch
Occup Environ Health. 2016;89(4):575–82. https://doi.org/10.1007/s0042
0-015-1095-1.
12. Dugdill L, Brettle A, Hulme C, McCluskey S, Long AF. Workplace physical
activity interventions: a systematic review. Int J Workplace Health Manag.
2008;1(1):20–40. https://doi.org/10.1108/17538350810865578.
13. Genin PM, Dutheil F, Larras B, Esquirol Y, Boirie Y, Tremblay A, et al.
Promoting physical activity and reducing sedentary time among tertiary
workers: position stand from the French National ONAPS. J Phys Act Health.
2019 Sep 1;16(9):677–8. https://doi.org/10.1123/jpah.2019-0154.
14. León-Muñoz LM, Martínez-Gómez D, Balboa-Castillo T, López-García E,
Guallar-Castillón P, Rodríguez-Artalejo F. Continued sedentariness, change in

Guirado et al. Trials

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

(2021) 22:359

sitting time, and mortality in older adults. Med Sci Sports Exerc. 2013;45(8):
1501–7. https://doi.org/10.1249/MSS.0b013e3182897e87.
Torbeyns T, Bailey S, Bos I, Meeusen R. Active workstations to fight
sedentary behaviour. Sports Med Auckl NZ. 2014;44(9):1261–73. https://doi.
org/10.1007/s40279-014-0202-x.
Dupont F, Léger P-M, Begon M, Lecot F, Sénécal S, Labonté-Lemoyne E,
et al. Health and productivity at work: which active workstation for which
benefits: a systematic review. Occup Environ Med. 2019;76(5):281–94.
https://doi.org/10.1136/oemed-2018-105397.
Josaphat K-J, Kugathasan TA, Reid RER, Begon M, Léger P-M, LabontéLemoyne E, et al. Use of active workstations in individuals with overweight
or obesity: a systematic review. Obesity. 2019;27(3):362–79. https://doi.org/1
0.1002/oby.22388.
Canu M-H, Fourneau J, Coq J-O, Dannhoffer L, Cieniewski-Bernard C, Stevens L,
et al. Interplay between hypoactivity, muscle properties and motor command:
how to escape the vicious deconditioning circle? Ann Phys Rehabil Med. 2019;
62(2):122–7. https://doi.org/10.1016/j.rehab.2018.09.009.
Shrestha N, Kukkonen-Harjula KT, Verbeek JH, Ijaz S, Hermans V, Pedisic Z.
Workplace interventions for reducing sitting at work. Cochrane Database
Syst Rev. 2018;12:CD010912.
Mark DB, Lauer MS. Exercise capacity: the prognostic variable that doesn’t
get enough respect. Circulation. 2003;108(13):1534–6. https://doi.org/10.11
61/01.CIR.0000094408.38603.7E.
Myers J, Prakash M, Froelicher V, Do D, Partington S, Atwood JE. Exercise
capacity and mortality among men referred for exercise testing. N Engl J
Med. 2002;346(11):793–801. https://doi.org/10.1056/NEJMoa011858.
Wen CP, Wai JPM, Tsai MK, Yang YC, Cheng TYD, Lee M-C, et al. Minimum
amount of physical activity for reduced mortality and extended life
expectancy: a prospective cohort study. Lancet Lond Engl. 2011;378(9798):
1244–53. https://doi.org/10.1016/S0140-6736(11)60749-6.
Leong DP, Teo KK, Rangarajan S, Lopez-Jaramillo P, Avezum A, Orlandini A,
et al. Prognostic value of grip strength: findings from the Prospective Urban
Rural Epidemiology (PURE) study. Lancet Lond Engl. 2015;386(9990):266–73.
https://doi.org/10.1016/S0140-6736(14)62000-6.
Genin P, Beaujouan J, Thivel D, Duclos M. Is workplace an appropriate setting
for the promotion of physical activity? A new framework for worksite
interventions among employees. Work Read Mass. 2019;62(3):421–6.
Carr LJ, Walaska KA, Marcus BH. Feasibility of a portable pedal exercise
machine for reducing sedentary time in the workplace. Br J Sports Med.
2012;46(6):430–5. https://doi.org/10.1136/bjsm.2010.079574.
Ekelund U, Tarp J, Steene-Johannessen J, Hansen BH, Jefferis B, Fagerland
MW, et al. Dose-response associations between accelerometry measured
physical activity and sedentary time and all cause mortality: systematic
review and harmonised meta-analysis. BMJ. 2019;21:366.
Matthews CE, Keadle SK, Troiano RP, Kahle L, Koster A, Brychta R, et al.
Accelerometer-measured dose-response for physical activity, sedentary time,
and mortality in US adults. Am J Clin Nutr. 2016;104(5):1424–32. https://doi.
org/10.3945/ajcn.116.135129.
Stamatakis E, Ekelund U, Ding D, Hamer M, Bauman AE, Lee I-M. Is the time
right for quantitative public health guidelines on sitting? A narrative review
of sedentary behaviour research paradigms and findings. Br J Sports Med.
2019;53(6):377–82. https://doi.org/10.1136/bjsports-2018-099131.
Aguilar-Farias N, Martino-Fuentealba P, Salom-Diaz N, Brown WJ. How many
days are enough for measuring weekly activity behaviours with the
ActivPAL in adults? J Sci Med Sport. 2019;22(6):684–8. https://doi.org/10.101
6/j.jsams.2018.12.004.
Ozemek C, Kirschner MM, Wilkerson BS, Byun W, Kaminsky LA. Intermonitor
reliability of the GT3X+ accelerometer at hip, wrist and ankle sites during
activities of daily living. Physiol Meas. 2014;35(2):129–38. https://doi.org/10.1
088/0967-3334/35/2/129.
Troiano RP, Berrigan D, Dodd KW, Mâsse LC, Tilert T, McDowell M. Physical
activity in the United States measured by accelerometer. Med Sci Sports
Exerc. 2008;40(1):181–8. https://doi.org/10.1249/mss.0b013e31815a51b3.
Grant PM, Ryan CG, Tigbe WW, Granat MH. The validation of a novel activity
monitor in the measurement of posture and motion during everyday activities.
Br J Sports Med. 2006;40(12):992–7. https://doi.org/10.1136/bjsm.2006.030262.
Kozey-Keadle S, Libertine A, Lyden K, Staudenmayer J, Freedson PS. Validation
of wearable monitors for assessing sedentary behavior. Med Sci Sports Exerc.
2011;43(8):1561–7. https://doi.org/10.1249/MSS.0b013e31820ce174.

Page 12 of 14

34. An H-S, Kim Y, Lee J-M. Accuracy of inclinometer functions of the activPAL
and ActiGraph GT3X+: A focus on physical activity. Gait Posture. 2017;51:
174–80. https://doi.org/10.1016/j.gaitpost.2016.10.014.
35. Ashwell M, Cole TJ, Dixon AK. Ratio of waist circumference to height is
strong predictor of intra-abdominal fat. BMJ. 1996;313(7056):559–60. https://
doi.org/10.1136/bmj.313.7056.559d.
36. Swainson MG, Batterham AM, Tsakirides C, Rutherford ZH, Hind K. Prediction
of whole-body fat percentage and visceral adipose tissue mass from five
anthropometric variables. PLOS ONE. 2017;12(5):e0177175. https://doi.org/1
0.1371/journal.pone.0177175.
37. Jean-Pierre D. Body fat distribution and risk of cardiovascular disease.
Circulation. 2012;126(10):1301–13.
38. Goossens GH. The metabolic phenotype in obesity: fat mass, body fat
distribution, and adipose tissue function. Obes Facts. 2017;10(3):207–15.
https://doi.org/10.1159/000471488.
39. Andreasson A, Hagström H, Sköldberg F, Önnerhag K, Carlsson AC, Schmidt
PT, et al. The prediction of colorectal cancer using anthropometric
measures: a Swedish population-based cohort study with 22 years of followup. United Eur Gastroenterol J. 2019;7(9):1250–60. https://doi.org/10.1177/2
050640619854278.
40. Bardou M, Barkun AN, Martel M. Obesity and colorectal cancer. Gut. 2013;
62(6):933–47. https://doi.org/10.1136/gutjnl-2013-304701.
41. Morán Pascual E, Martínez Sarmiento M, Budía Alba A, Broseta Rico E,
Cámara Gómez R, Boronat TF. Central body fat mass measured by
bioelectrical impedanciometry but not body mass index is a high-grade
prostate cancer risk factor. Urol Int. 2017;98(1):28–31. https://doi.org/10.11
59/000447249.
42. Motamed N, Rabiee B, Hemasi GR, Ajdarkosh H, Khonsari MR, Maadi M, et al.
Body roundness index and waist-to-height ratio are strongly associated with
non-alcoholic fatty liver disease: a population-based study. Hepat Mon.
2016;16(9):e39575.
43. Rohan TE, Heo M, Choi L, Datta M, Freudenheim JL, Kamensky V, et al. Body
fat and breast cancer risk in postmenopausal women: a longitudinal study. J
Cancer Epidemiol. 2013;2013:1–13. https://doi.org/10.1155/2013/754815.
44. Wolfe RR. The underappreciated role of muscle in health and disease. Am J
Clin Nutr. 2006;84(3):475–82. https://doi.org/10.1093/ajcn/84.3.475.
45. Ravussin E, Burnand B, Schutz Y, Jéquier E. Twenty-four-hour energy
expenditure and resting metabolic rate in obese, moderately obese, and
control subjects. Am J Clin Nutr. 1982;35(3):566–73. https://doi.org/10.1093/a
jcn/35.3.566.
46. Wang J-G, Zhang Y, Chen H-E, Li Y, Cheng X-G, Xu L, et al. Comparison of
two bioelectrical impedance analysis devices with dual energy X-ray
absorptiometry and magnetic resonance imaging in the estimation of body
composition. J Strength Cond Res. 2013;27(1):236–43. https://doi.org/10.151
9/JSC.0b013e31824f2040.
47. Verney J, Schwartz C, Amiche S, Pereira B, Thivel D. Comparisons of a multifrequency bioelectrical impedance analysis to the dual-energy X-Ray
absorptiometry scan in healthy young adults depending on their physical
activity level. J Hum Kinet. 2015;47(1):73–80. https://doi.org/10.1515/hukin-2
015-0063.
48. Kodama S, Saito K, Tanaka S, Maki M, Yachi Y, Asumi M, et al.
Cardiorespiratory fitness as a quantitative predictor of all-cause mortality
and cardiovascular events in healthy men and women: a meta-analysis.
JAMA. 2009;301(19):2024–35. https://doi.org/10.1001/jama.2009.681.
49. Laukkanen JA, Zaccardi F, Khan H, Kurl S, Jae SY, Rauramaa R. Long-term
change in cardiorespiratory fitness and all-cause mortality: a populationbased follow-up study. Mayo Clin Proc. 2016;91(9):1183–8. https://doi.org/1
0.1016/j.mayocp.2016.05.014.
50. Wei M, Kampert JB, Barlow CE, Nichaman MZ, Gibbons LW, Paffenbarger J
RS, et al. Relationship between low cardiorespiratory fitness and mortality in
normal-weight, overweight, and obese men. JAMA. 1999;282(16):1547–53.
https://doi.org/10.1001/jama.282.16.1547.
51. Wei M, Gibbons LW, Kampert JB, Nichaman MZ, Blair SN. Low
cardiorespiratory fitness and physical inactivity as predictors of mortality in
men with type 2 diabetes. Ann Intern Med. 2000;132(8):605–11. https://doi.
org/10.7326/0003-4819-132-8-200004180-00002.
52. Leong DP, Teo KK. Predicting cardiovascular disease from handgrip
strength: the potential clinical implications. Expert Rev Cardiovasc Ther.
2015;13(12):1277–9. https://doi.org/10.1586/14779072.2015.1101342.

Guirado et al. Trials

(2021) 22:359

53. Chatterjee S, Chatterjee P, Mukherjee PS, Bandyopadhyay A. Validity of
Queen’s College step test for use with young Indian men. Br J Sports Med.
2004;38(3):289–91. https://doi.org/10.1136/bjsm.2002.002212.
54. Li R, Xia J, Zhang X, Gathirua-Mwangi WG, Guo J, Li Y, et al. Associations of
muscle mass and strength with all-cause mortality among US older adults.
Med Sci Sports Exerc. 2018;50(3):458–67. https://doi.org/10.1249/MSS.
0000000000001448.
55. Kuh D, Bassey EJ, Butterworth S, Hardy R, Wadsworth MEJ. Grip strength,
postural control, and functional leg power in a representative cohort of
British men and women: associations with physical activity, health status,
and socioeconomic conditions. J Gerontol Ser A. 2005;60(2):224–31. https://
doi.org/10.1093/gerona/60.2.224.
56. Rantanen T, Harris T, Leveille SG, Visser M, Foley D, Masaki K, et al. Muscle
strength and body mass index as long-term predictors of mortality in
initially healthy men. J Gerontol Ser A. 2000;55(3):M168–73. https://doi.org/1
0.1093/gerona/55.3.M168.
57. Norman K, Stobäus N, Gonzalez MC, Schulzke J-D, Pirlich M. Hand grip
strength: outcome predictor and marker of nutritional status. Clin Nutr.
2011;30(2):135–42. https://doi.org/10.1016/j.clnu.2010.09.010.
58. Brown LE, Whitehurst M, Bryant JR, Buchalter DN. Reliability of the Biodex
system 2 isokinetic dynamometer concentric mode. Isokinet Exerc Sci. 1993;
3(3):160–3. https://doi.org/10.3233/IES-1993-3307.
59. Taylor NAS, Sanders RH, Howick EI, Stanley SN. Static and dynamic
assessment of the Biodex dynamometer. Eur J Appl Physiol. 1991;62(3):180–
8. https://doi.org/10.1007/BF00643739.
60. Healy GN, Matthews CE, Dunstan DW, Winkler EAH, Owen N. Sedentary
time and cardio-metabolic biomarkers in US adults: NHANES 2003–06. Eur
Heart J. 2011;32(5):590–7. https://doi.org/10.1093/eurheartj/ehq451.
61. Hamer M, Stamatakis E, Steptoe A. Effects of substituting sedentary time
with physical activity on metabolic risk. Med Sci Sports Exerc. 2014;46(10):
1946–50. https://doi.org/10.1249/MSS.0000000000000317.
62. Healy GN, Wijndaele K, Dunstan DW, Shaw JE, Salmon J, Zimmet PZ, et al.
Objectively measured sedentary time, physical activity, and metabolic risk:
the Australian Diabetes, Obesity and Lifestyle Study (AusDiab). Diabetes
Care. 2008;31(2):369–71. https://doi.org/10.2337/dc07-1795.
63. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and β-cell function from
fasting plasma glucose and insulin concentrations in man. Diabetologia.
1985;28(7):412–9. https://doi.org/10.1007/BF00280883.
64. Hamer M, Stamatakis E. Prospective study of sedentary behavior, risk of
depression, and cognitive impairment. Med Sci Sports Exerc. 2014;46(4):718–
23. https://doi.org/10.1249/MSS.0000000000000156.
65. Endrighi R, Steptoe A, Hamer M. The effect of experimentally induced
sedentariness on mood and psychobiological responses to mental stress. Br J
Psychiatry. 2016;208(3):245–51. https://doi.org/10.1192/bjp.bp.114.150755.
66. Teychenne M, Ball K, Salmon J. Physical activity, sedentary behavior and
depression among disadvantaged women. Health Educ Res. 2010;25(4):632–
44. https://doi.org/10.1093/her/cyq008.
67. Teychenne M, Ball K, Salmon J. Sedentary behavior and depression among
adults: a review. Int J Behav Med. 2010;17(4):246–54. https://doi.org/10.1007/
s12529-010-9075-z.
68. Stubbs B, Vancampfort D, Firth J, Schuch FB, Hallgren M, Smith L, et al.
Relationship between sedentary behavior and depression: a mediation
analysis of influential factors across the lifespan among 42,469 people in
low- and middle-income countries. J Affect Disord. 2018;229:231–8. https://
doi.org/10.1016/j.jad.2017.12.104.
69. Stubbs B, Vancampfort D, Rosenbaum S, Firth J, Cosco T, Veronese N, et al.
An examination of the anxiolytic effects of exercise for people with anxiety
and stress-related disorders: a meta-analysis. Psychiatry Res. 2017;249:102–8.
https://doi.org/10.1016/j.psychres.2016.12.020.
70. Netz Y. Is the comparison between exercise and pharmacologic treatment
of depression in the clinical practice guideline of the American College of
Physicians evidence-based? Front Pharmacol. 2017;8:257. https://doi.org/1
0.3389/fphar.2017.00257.
71. Gunduz-Cinar O, Hill MN, McEwen BS, Holmes A. Amygdala FAAH and
anandamide: mediating protection and recovery from stress. Trends
Pharmacol Sci. 2013;34(11):637–44. https://doi.org/10.1016/j.tips.2013.08.008.
72. Dlugos A, Childs E, Stuhr KL, Hillard CJ, de Wit H. Acute stress increases
circulating anandamide and other N-acylethanolamines in healthy humans.
Neuropsychopharmacology. 2012;37(11):2416–27. https://doi.org/10.1038/
npp.2012.100.

Page 13 of 14

73. Hill MN, Miller GE, Ho W-SV, Gorzalka BB, Hillard CJ. Serum
Endocannabinoid content is altered in females with depressive
disorders: a preliminary report. Pharmacopsychiatry. 2008;41(2):48–53.
https://doi.org/10.1055/s-2007-993211.
74. Assoumou HGN, Pichot V, Barthelemy J. c., Dauphinot V, Celle S, Gosse P,
et al. Metabolic syndrome and short-term and long-term heart rate
variability in elderly free of clinical cardiovascular disease: the PROOF study.
Rejuvenation Res. 2010;13(6):653–63. https://doi.org/10.1089/rej.2010.1019.
75. Díaz-Rodríguez L, Arroyo-Morales M, Fernández-de-las-Peñas C, GarcíaLafuente F, García-Royo C, Tomás-Rojas I. Immediate effects of Reiki on
heart rate variability, cortisol levels, and body temperature in health care
professionals with burnout. Biol Res Nurs. 2011;13(4):376–82. https://doi.
org/10.1177/1099800410389166.
76. Lucini D, Riva S, Pizzinelli P, Pagani M. Stress management at the worksite:
reversal of symptoms profile and cardiovascular dysregulation.
Hypertension. 2007;49(2):291–7. https://doi.org/10.1161/01.HYP.00002
55034.42285.58.
77. Dutheil F, Boudet G, Perrier C, Lac G, Ouchchane L, Chamoux A, et al.
JOBSTRESS study: comparison of heart rate variability in emergency
physicians working a 24-hour shift or a 14-hour night shift — A
randomized trial. Int J Cardiol. 2012;158(2):322–5. https://doi.org/10.101
6/j.ijcard.2012.04.141.
78. Li X, Yu S, Chen H, Lu C, Zhang K, Li F. Cardiovascular autonomic function
analysis using approximate entropy from 24-h heart rate variability and its
frequency components in patients with type 2 diabetes. J Diabetes Investig.
2015;6(2):227–35. https://doi.org/10.1111/jdi.12270.
79. Heart Rate Variability. Standards of measurement, physiological
interpretation, and clinical use. Task Force of the European Society of
Cardiology and the North American Society of Pacing and
Electrophysiology. Eur Heart J. 1996;17(3):354–81.
80. Lesage FX, Berjot S. Validity of occupational stress assessment using a visual
analogue scale. Occup Med. 2011;61(6):434–6. https://doi.org/10.1093/
occmed/kqr037.
81. Ekman P, Davidson RJ, Ricard M, Alan WB. Buddhist and psychological
perspectives on emotions and well-being. Curr Dir Psychol Sci. 2005;14(2):
59–63. https://doi.org/10.1111/j.0963-7214.2005.00335.x.
82. Juneau C, Pellerin N, Trives E, Ricard M, Shankland R, Dambrun M. Reliability
and validity of an equanimity questionnaire: the two-factor equanimity
scale (EQUA-S). PeerJ. 2020;8:e9405. https://doi.org/10.7717/peerj.9405.
83. Glass TA, McAtee MJ. Behavioral science at the crossroads in public health:
extending horizons, envisioning the future. Soc Sci Med. 2006;62(7):1650–71.
https://doi.org/10.1016/j.socscimed.2005.08.044.
84. Kim J, Im J-S, Choi Y-H. Objectively measured sedentary behavior and
moderate-to-vigorous physical activity on the health-related quality of life in
US adults: The National Health and Nutrition Examination Survey 2003–
2006. Qual Life Res. 2017;26(5):1315–26. https://doi.org/10.1007/s11136-01
6-1451-y.
85. Karasek R, Choi B, Ostergren P-O, Ferrario M, Smet PD. Testing two methods
to create comparable scale scores between the job content questionnaire
(JCQ) and JCQ-like questionnaires in the European JACE study. Int J Behav
Med. 2007;14(4):189–201. https://doi.org/10.1007/BF03002993.
86. Karasek RA. Job demands, job decision latitude, and mental strain:
implications for job redesign. Adm Sci Q. 1979;24(2):285–308. https://doi.
org/10.2307/2392498.
87. Canivet C, Choi B, Karasek R, Moghaddassi M, Staland-Nyman C, Östergren
P-O. Can high psychological job demands, low decision latitude, and high
job strain predict disability pensions? A 12-year follow-up of middle-aged
Swedish workers. Int Arch Occup Environ Health. 2013;86(3):307–19. https://
doi.org/10.1007/s00420-012-0766-4.
88. Siegrist J, Starke D, Chandola T, Godin I, Marmot M, Niedhammer I, et al.
The measurement of effort–reward imbalance at work: European
comparisons. Soc Sci Med. 2004;58(8):1483–99. https://doi.org/10.1016/S02
77-9536(03)00351-4.
89. Siegrist J, Wahrendorf M, Goldberg M, Zins M, Hoven H. Is effort–reward
imbalance at work associated with different domains of health functioning?
Baseline results from the French CONSTANCES study. Int Arch Occup Environ
Health. 2019;92(4):467–80. https://doi.org/10.1007/s00420-018-1374-8.
90. Descatha A, Roquelaure Y, Chastang J-F, Evanoff B, Melchior M, Mariot C,
et al. Validity of Nordic-style questionnaires in the surveillance of upper-limb
work-related musculoskeletal disorders. Scand J Work Environ Health. 2007;
33(1):58–65. https://doi.org/10.5271/sjweh.1065.

Guirado et al. Trials

(2021) 22:359

91. Kuorinka I, Jonsson B, Kilbom A, Vinterberg H, Biering-Sørensen F,
Andersson G, et al. Standardised Nordic questionnaires for the analysis of
musculoskeletal symptoms. Appl Ergon. 1987;18(3):233–7. https://doi.org/1
0.1016/0003-6870(87)90010-X.
92. Roquelaure Y, Ha C, Leclerc A, Touranchet A, Sauteron M, Melchior M, et al.
Epidemiologic surveillance of upper-extremity musculoskeletal disorders in
the working population. Arthritis Care Res. 2006;55(5):765–78. https://doi.
org/10.1002/art.22222.
93. Gourmelen J, Chastang J-F, Ozguler A, Lanoë J-L, Ravaud J-F, Leclerc A.
Frequency of low back pain among men and women aged 30 to 64 years
in France. Results of two national surveys. Ann Réadapt Médecine Phys.
2007;50(8):640–4. https://doi.org/10.1016/j.annrmp.2007.05.009.
94. Ferrannini E. The theoretical bases of indirect calorimetry: a review.
Metabolism. 1988;37(3):287–301. https://doi.org/10.1016/0026-0495(88)90110-2.
95. Nieman DC, Austin MD, Benezra L, Pearce S, McInnis T, Unick J, et al.
Validation of Cosmed’s FitMateTM in measuring oxygen consumption and
estimating resting metabolic rate. Res Sports Med. 2006;14(2):89–96. https://
doi.org/10.1080/15438620600651512.
96. Compher C, Frankenfield D, Keim N, Roth-Yousey L. Best practice methods
to apply to measurement of resting metabolic rate in adults: a systematic
review. J Am Diet Assoc. 2006;106(6):881–903. https://doi.org/10.1016/j.ja
da.2006.02.009.
97. Weir JB de V. New methods for calculating metabolic rate with special
reference to protein metabolism. J Physiol. 1949;109(1–2):1–9. https://doi.
org/10.1113/jphysiol.1949.sp004363.
98. Macfarlane DJ, Wong P. Validity, reliability and stability of the portable
Cortex Metamax 3B gas analysis system. Eur J Appl Physiol. 2012;112(7):
2539–47. https://doi.org/10.1007/s00421-011-2230-7.
99. Péronnet F, Massicotte D. Table of nonprotein respiratory quotient: an
update. Can J Sport Sci J Can Sci Sport. 1991;16(1):23–9.
100. Chaput J-P, Klingenberg L, Astrup A, Sjödin AM. Modern sedentary
activities promote overconsumption of food in our current obesogenic
environment. Obes Rev. 2011;12(5):e12–20. https://doi.org/10.1111/j.1467789X.2010.00772.x.
101. Chaput JP, Tremblay A, Pereira B, Boirie Y, Duclos M, Thivel D. Food intake
response to exercise and active video gaming in adolescents: effect of
weight status. Br J Nutr. 2016;115(3):547–53. https://doi.org/10.1017/
S0007114515004602.
102. Blundell J, Graaf CD, Hulshof T, Jebb S, Livingstone B, Lluch A, et al.
Appetite control: methodological aspects of the evaluation of foods. Obes
Rev. 2010;11(3):251–70. https://doi.org/10.1111/j.1467-789X.2010.00714.x.
103. de Lauzon-Guillain B, Musher-Eizenman D, Leporc E, Holub S, Charles MA.
Parental feeding practices in the United States and in France: relationships
with child’s characteristics and parent’s eating behavior. J Am Diet Assoc.
2009;109(6):1064–9. https://doi.org/10.1016/j.jada.2009.03.008.
104. Cappelleri JC, Bushmakin AG, Gerber RA, Leidy NK, Sexton CC, Lowe MR,
et al. Psychometric analysis of the Three-Factor Eating Questionnaire-R21:
results from a large diverse sample of obese and non-obese participants. Int
J Obes. 2009;33(6):611–20. https://doi.org/10.1038/ijo.2009.74.
105. Lluch A, Kahn J, Stricker-Krongrad A, Ziegler O, Drouin P, Méjean L.
Internal validation of a French version of the Dutch eating behaviour
questionnaire. Eur Psychiatry. 1996;11(4):198–203. https://doi.org/10.1016/
0924-9338(96)88391-X.
106. de Lauzon B, Romon M, Deschamps V, Lafay L, Borys J-M, Karlsson J, et al.
The Three-Factor Eating Questionnaire-R18 is able to distinguish among
different eating patterns in a general population. J Nutr. 2004;134(9):2372–
80. https://doi.org/10.1093/jn/134.9.2372.
107. Genin PM, Degoutte F, Finaud J, Pereira B, Thivel D, Duclos M. Effect of a 5month worksite physical activity program on tertiary employees overall
health and fitness. J Occup Environ Med. 2017;59(2):e3–e10. https://doi.
org/10.1097/JOM.0000000000000945.
108. Genin PM, Dessenne P, Finaud J, Pereira B, Thivel D, Duclos M. Health and
fitness benefits but low adherence rate: effect of a 10-month onsite physical
activity program among tertiary employees. J Occup Environ Med. 2018;
60(9):e455–62. https://doi.org/10.1097/JOM.0000000000001394.
109. Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, et al.
CONSORT 2010 statement: extension to randomised pilot and feasibility
trials. Pilot Feasibility Stud. 2016;21:2.
110. Saidj M, Menai M, Charreire H, Weber C, Enaux C, Aadahl M, et al.
Descriptive study of sedentary behaviours in 35,444 French working adults:

Page 14 of 14

111.
112.

113.
114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

cross-sectional findings from the ACTI-Cités study. BMC Public Health. 2015;
15(1):379. https://doi.org/10.1186/s12889-015-1711-8.
Wirtz PH, von Känel R. Psychological stress, inflammation, and coronary
heart disease. Curr Cardiol Rep. 2017;19(11):1–10.
Sorensen G, Landsbergis P, Hammer L, Amick BC, Linnan L, Yancey A, et al.
Preventing chronic disease in the workplace: a workshop report and
recommendations. Am J Public Health. 2011;101(S1):S196–207. https://doi.
org/10.2105/AJPH.2010.300075.
O’Brien KE, Beehr TA. Managing employees’ occupational stress. Stress Qual
Work Life Interpers Occup Stress. 2016:181–98.
Thompson WG, Foster RC, Eide DS, Levine JA. Feasibility of a walking
workstation to increase daily walking. Br J Sports Med. 2008;42(3):225–8.
https://doi.org/10.1136/bjsm.2007.039479.
MacEwen BT, MacDonald DJ, Burr JF. A systematic review of standing and
treadmill desks in the workplace. Prev Med. 2015;70:50–8. https://doi.org/1
0.1016/j.ypmed.2014.11.011.
Caldwell AR, Gallagher KM, Harris BT, Rosa-Caldwell ME, Payne M, Daniels B,
et al. Prolonged standing increases lower limb arterial stiffness. Eur J Appl
Physiol. 2018;118(10):2249–58. https://doi.org/10.1007/s00421-018-3956-2.
Miles-Chan JL, Dulloo AG. Posture allocation revisited: breaking the
sedentary threshold of energy expenditure for obesity management. Front
Physiol. 2017;8. https://doi.org/10.3389/fphys.2017.00420.
Chastin SFM, Craemer MD, Cocker KD, Powell L, Cauwenberg JV, Dall P,
et al. How does light-intensity physical activity associate with adult
cardiometabolic health and mortality? Systematic review with meta-analysis
of experimental and observational studies. Br J Sports Med. 2019;53(6):370–
6. https://doi.org/10.1136/bjsports-2017-097563.
Barr-Anderson DJ, AuYoung M, Whitt-Glover MC, Glenn BA, Yancey AK.
Integration of short bouts of physical activity into organizational routine: a
systematic review of the literature. Am J Prev Med. 2011;40(1):76–93. https://
doi.org/10.1016/j.amepre.2010.09.033.
Macfarlane DJ, Taylor LH, Cuddihy TF. Very short intermittent vs continuous
bouts of activity in sedentary adults. Prev Med. 2006;43(4):332–6. https://doi.
org/10.1016/j.ypmed.2006.06.002.
Murphy MH, Lahart I, Carlin A, Murtagh E. The effects of continuous compared
to accumulated exercise on health: a meta-analytic review. Sports Med. 2019;
49(10):1585–607. https://doi.org/10.1007/s40279-019-01145-2.
Shambrook P, Kingsley M, Taylor N, Gordon B. Accumulated or continuous
exercise for glycaemic regulation and control: a systematic review with
meta-analysis. BMJ Open Sport Exerc Med. 2018;4(1):e000470. https://doi.
org/10.1136/bmjsem-2018-000470. eCollection 2018.
Begg MD, Parides MK. Separation of individual-level and cluster-level
covariate effects in regression analysis of correlated data. Stat Med. 2003;
22(16):2591–602. https://doi.org/10.1002/sim.1524.
Ramos S, Maheronnaghsh S, Vila-Chã C, Vaz M, Santos J. The influence of
active workstations on work performance, productivity indicators and
sedentary time: a systematic review. Occup Environ Saf Health. 2019:477–83.
https://doi.org/10.1007/978-3-030-14730-3_51.
Insee. Emploi, chômage, revenus du travail. Insee Références; 2018.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

