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Abstract
Background: Interventions to increase physical activity or reduce sedentary behaviour within the
workplace setting have shown mixed effects. This cluster randomised controlled trial assessed whether
multi-component interventions, focusing on changes at the individual, environmental, and organisational
levels, either increased physical activity or reduced sedentary behaviour, compared to a passive control
group.

Methods: Teams of o�ce-workers from two companies participated in two interventions (iPA: targeting
physical activity; iSED: targeting sedentary behaviour), or a waiting list control group. Exclusion criteria
was a very high physical activity level. Randomisation was done on a cluster level, and groups were
randomly allocated (1:1) with strati�cation for company and cluster size Personnel involved in data
collection and processing were blinded for group allocation. Both interventions included �ve sessions of
cognitive behavioural therapy counselling for 6-months. iPA included counselling focused on physical
activity, access to a gym, and encouragement to exercise and go for lunch walks. iSED included
counselling on sedentary behaviour and encouragement to reduce sitting and increase engagement in
standing- and walking-meetings. At baseline and the 6-month mark accelerometers were worn on the hip
and thigh for 7 days. The primary outcomes were group differences in time spent in moderate-to-vigorous
physical activity (%MVPA) and in sedentary behaviour (%), analysed for those with complete data using
Bayesian multilevel modelling.

Results: 263 o�ce-workers (73% women, mean age 42±9 years, education 15±2 years) in 23 cluster
teams were randomised (iPA n=84, 8 clusters; iSED n=87, 7 clusters; C n=92, 7 clusters). No signi�cant
group differences (posterior mean ratios: 95% credible interval) were found after the intervention for
%MVPA or for %Sedentary. %MVPA: iPA vs C (0·04: -0·80 – 0·82); iSED vs C (0·47: -0·41 – 1·32); iPA vs
iSED (0·43: -0·42 – 1·27). %Sedentary: iPA vs C (1·16: -1·66 – 4·02); iSED vs C (-0·44: -3·50 – 2·64); iPA vs
iSED (-1·60: -4·72 – 1·47).

Conclusions: The multi-component interventions focusing on either physical activity or sedentary
behaviour were unsuccessful at increasing device-measured physical activity or reducing sedentary
behaviour compared to control.

Trial registration: ISRCTN92968402

Background
Physically inactive and sedentary lifestyles are acknowledged public health problems (1). In Sweden,
adults spend about two-thirds of their daily time sedentary and the vast majority do not meet the national
physical activity recommendations (2). A substantial proportion of wake time is spent at work and the
nature of an o�ce job is likely to increase daily sedentary time. Even though most o�ces in Sweden have
sit-stand desks, o�ce-workers spend 60% of their time sedentary, 28% standing, and only 12% walking
(3).
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When comparing the effects of physical activity and sedentary behaviour on health, previous studies
suggest that increasing physical activity might have more impact on reducing the risk for chronic
conditions and mortality compared to decreasing sedentary behaviour (4). However, when it comes to the
effects of physical activity and sedentary behaviour on mental health and cognition it is unknown
whether one of these behaviours might have more impact than the other (5, 6).

Previous interventions aspiring to increase physical activity or reduce sedentary behaviour have shown
mixed effects (7, 8). The importance of focusing the intervention on only one behaviour, sedentary
behaviour or physical activity, has been stressed (7, 8). Furthermore, behavioural change interventions
seem to require a multi-perspective approach: individual, environmental, and organisational (9). Another
aspect to consider are the attitudes towards interventions (10), which might differ and thereby in�uence
the effectiveness of an intervention but also the success of later implementation (11). For example, going
to the gym may be a more challenging endeavour compared to using a sit-stand desk at work. Also cost-
effectiveness needs to be considered since some interventions may cost more than others, e.g.
comparing the costs of a gym card and a sit-stand desk (12). Studies comparing different interventions
are thus warranted.

Besides the importance of designing interventions based on theory, incorporating preferences of the
population that will receive the intervention might be critical (13). According to a survey answered by
more than 500 Swedish o�ce-workers the most commonly reported perceived barrier for standing or
walking was that sitting was a habit.(3) As cognitive behavioural therapy (CBT) is a widely used method
for changing habits, we chose to use CBT as the basis of our interventions (14). In the same study it was
found that preferred strategies for breaking up sedentary behaviour were standing or walking meetings
(3). Therefore, we designed our interventions accordingly. Incorporating these group-based intervention
strategies in an o�ce environment requires a cluster randomised design to minimise contamination
between groups (15).

As described in the published protocol (16), we performed a 3-armed cluster randomised controlled trial
(RCT) to assess the effectiveness of multi-component interventions to increase physical activity or reduce
sedentary behaviour, among o�ce-workers, in order to improve mental health and cognition. The
objective of the current paper was to assess whether the multi-component interventions, incorporating
individual, environmental, and organisational changes, increased physical activity or reduced sedentary
behaviour after the 6-month interventions. Effects of the two interventions, either targeting physical
activity (iPA) or sedentary behaviour (iSED), were compared to a control group and to each other. We
hypothesised that participating in the iPA intervention would increase time spent in moderate-to-vigorous
physical activity (MVPA), and participating in the iSED intervention would decrease time spent sedentary.

Methods
The study was a 6-month cluster RCT with 3-arms of which one was a waiting list control group. Ethical
approval was granted by The Stockholm regional ethical review board (2017/2409-31/1). All participants
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provided written informed consent before the �rst data collection. The study was conducted in
accordance with the CONSORT guidelines for cluster RCTs, a populated checklist CONSORT

checklist is provided in Additional �le 1. A populated TIDieR checklist for interventions is provided in
Additional �le 2. The trial was prospectively registered as ISRCTN92968402 on 27/02/2018, recruitment
started 15/03/2018 (https://doi.org/10.1186/ISRCTN92968402). A study protocol (16), including a
detailed description and rational of the trial, has been published earlier, the most important details are
provided below.

Study population
O�ce workers from two Swedish service producing companies, with a total of 2033 employees were
invited to participate in the study. The target was to include 330 persons, based on sample size
calculations (16). Inclusion criteria were ages 18-70 years and the capability of standing and exercising.
Persons were excluded if they were very physically active, according to device-measured MVPA of more
than 30 min/day in prolonged bouts (≥10 min) every day. Sedentary behaviour was not used as an
exclusion criterion, as a previous cross-sectional study in a comparable sample showed that nearly all
o�ce-workers reported high levels of sedentary behaviour (3).

Randomisation and masking
Clusters consisted of teams of o�ce workers grouped by Human Resources (HR) personnel at each
company. Minimum amount of persons per cluster was �ve and other considerations taken into account
were: 1) having a team or line manager, 2) having regular group meetings, and 3) having limited regular
meetings with other teams. Randomisation into groups was performed after �nishing baseline data
collection and was done on a cluster level (16). Groups were randomly allocated (1:1) with strati�cation
for company and cluster size (large vs. small). Matched randomisation was applied to realise logistical
capacity. The random allocation sequence was set-up and randomisation was performed by a researcher
who did not perform data collection.  Personnel involved in data collection and processing were blinded
for group allocation.

Interventions
Two multi-component interventions aiming to either increase physical activity or reduce sedentary
behaviour were designed based on the ecological framework addressing multiple levels including
individual, environmental, and organisational (9, 16). Both interventions lasted 6 months and focused on
work time as well as leisure time, to decrease the risk that participants compensate by e.g. decreasing
sedentary behaviour at work but at the same time increasing sedentary behaviour during leisure time
(17).

https://doi.org/10.1186/ISRCTN92968402
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The individual support included motivational counselling that had a comparable design but a different
focus in the two interventions. This counselling was provided by professional health coaches from a
health promotion company who received additional training on CBT and on physical activity and
sedentary behaviour. There were �ve sessions; three individual (45-60 min) and two group sessions (90
min) spread out during the 6-months intervention period. The content of the counselling sessions was
standardised using manuals with checklists.

A team leader was appointed to each cluster to deliver the environmental and organisational components
of the interventions, and to encourage all participants to remain in the study. HR personnel of each
company asked one participant in each cluster to be the team leader, for which no formal requirements
were set, but judgement of HR personnel on a suitable individual was adopted. At the start of the
intervention, one of the researchers contacted all team leaders by phone to coordinate the logistics of
implementing the different components of the assigned intervention.

Intervention to promote physical activity level (iPA)

The intervention aiming to promote MVPA included:

Individual: motivational counselling using CBT towards increasing time spent in MVPA, including
individual feedback on physical activity (MVPA and steps/day).

Environmental: access to a commercial gym (6 months), exercise sessions and lunch walks
organised by team leaders, and the provision of company bikes.

Organisational: team leaders encouraged employees to be physically active inside and outside of
working hours, including commuting to work.

Intervention to reduce sedentary behaviour (iSED)

The intervention aiming to reduce sedentary behaviour, including breaking up prolonged sitting, included:

Individual: motivational counselling using CBT towards reducing time in sedentary behaviour and
breaking up prolonged sitting, including individual feedback on sedentary behaviour patterns
(sedentary behaviour and steps/day).

Environmental: team leaders were instructed to organise standing and walking meetings. Note that
companies already provided their employees with sit-stand desks.(3)

Organisational: team leaders encouraged employees to reduce sedentary behaviour during work, in
meetings, and while sitting behind their desks as well as outside of working hours including lunch
and commuting.

Control group (C)

A passive waiting list group, which received one of the described interventions after the follow-up
measurement (at 6 months).
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Data collection
Inclusion of participants started March 2018 and ended November 2018 after all employees at the
companies had been informed about the study. Data collection of the RCT was �nished in May 2019. At
both baseline and the 6-month follow-up, participants �lled out online surveys and participated in device-
measured physical activity and sedentary behaviour measurements.

Participants’ characteristics
Company employed at, age, gender, years of education, family status (married/living together: yes vs. no),
working fulltime (yes vs. no), and smoking (yes vs. no) was collected from the online survey. Weight and
height measured at baseline were used to calculate body mass index (BMI; kg/m2). 

Outcome variables
1. Device-measured physical activity and sedentary behaviour

Participants were instructed to wear an Actigraph GT3X accelerometer (Actigraph GT3X, Fort Walton
Beach, Florida, USA) on the hip during wake time and on the wrist during in-bed time and with an ActivPal
inclinometer on the frontal aspect of the mid-thigh (activPAL™ 3 activity monitors, PAL technologies
limited, Glasgow, UK) during 7 days. During the measurement period, participants noted in-bed times,
working hours, sleep quality, and daytime sleepiness in a diary.

Actigraph

Accelerations from 3 axes (vector magnitude, VM) were sampled at a frequency of 30 Hz. Minimum
requirement for data inclusion was 600 minutes of valid wear time during waking hours, based on diary
information, on at least 4 days. Non-wear time was de�ned as at least 60 consecutive minutes with no
movement (VM=0 counts per minute, cpm), with an allowance of maximum 2 minutes of activity. The
primary outcome was time spent in MVPA (> 2690 cpm), expressed as a percentage of wear time based
on an average of all available days. Secondary outcome measures (also expressed as percentage of wear
time) were light (200-2689 cpm), moderate (2690-6166 cpm), and vigorous physical activity (> 6167 cpm)
as averages over available days, as well as weekday only averages (18, 19).

ActivPAL

Inclination of the thigh was obtained to quantify time spent sedentary, standing, and walking. Sedentary
is de�ned as the thigh in a horizontal position, i.e. sitting or lying. Recorded time was coded as wear time,
non-wear time, or working time, based on diary recordings. Sleep and non-wear time were excluded. For a
day to be considered valid the following rules were applied: ≥10 hours of worn waking hours, <95% of
time spent in any one behaviour (sedentary, standing, walking), and ≥500 steps (20). Work time was
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considered valid when the device was worn for ≥80% of the time at work and ≥ 5 hours of worn working
hours. Data from at least 4 days were required, with at least 2 working days and 2 non-working days. The
primary outcome extracted from this device was total sedentary time (% of wear time), averaged over all
days. Secondary outcome measures (% of wear time) were: standing and walking, averaged over all days;
and sedentary, standing, and walking for work time only.  

Self-reported physical activity and sedentary behaviour (secondary outcomes)

Two validated questions for physical activity were used, one regarding exercise and one regarding daily
activities (see supplementary �le 3) (21). Self-reported physical activity was based on an index of these
two questions as described previously (21). The index was then dichotomised into more favourable vs.
more unfavourable physical activity levels using a cut-off coinciding with approximately 150 min/week
of accelerometer assessed MVPA (21).

For sedentary behaviour, a validated question accounting for  the amount of sitting time, excluding sleep,
was used (see Additional �le 3) (22). There were 7 possible response options. A cut-off of less than 7-9
hours was used to classify participants as more favourable or more unfavourable sedentary behaviour.
This cut-off has shown correspondence to approximately 10 hours of accelerometer assessed sedentary
time (22).

Statistical analyses 
Group comparisons
We planned to perform multilevel regression models (frequentist analyses) to evaluate differences in
effects between the iPA, iSED and control group (C) (16). However, when running these models issues
arose regarding the singular �t. A singularity error appeared in about 25% of the models, but with no clear
pattern of occurrence. We chose to perform multilevel models using Bayesian statistics for all outcomes
instead, because it is a preferred method that can handle issues of singularity (23). The frequentist
multilevel results (β, and 95% con�dence interval (CI) were presented for two main outcome variables
(%MVPA and %Sedentary) in the complete cases dataset, to con�rm the Bayesian statistics. Note that
these two models did not have a singularity error.

Bayesian regression estimates and 95% credible intervals were estimated using the packages with R
statistical program language in Rstudio (R version 3.6.1, packages: brms, tidyverse and tidybayes).
Bayesian analysis has a number of advantages, e.g. it can be applied to a large range of models
including hierarchical multilevel models, the calculation of exact estimates without reliance on large
sample sizes, and provides comprehensible answers with credible intervals that can be interpreted as
probabilities (23).

Models
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In all models, clustering of data was taken into account using a two-level structure with participants as
the second level and clusters as the �rst level. All groups were simultaneously regressed on the post-test
value of the outcome, adjusted for the baseline value of the outcome with age, gender, education, and
company as covariates. We used an uninformative prior (student t) for the coe�cients. For all device-
measured physical activity and sedentary behaviour, which were continuous outcomes, the Gaussian
function was used (4 chains, 4 cores and 3000 iterations, 1000 warm-up). Parameter estimates and 95%
credible intervals were presented. For the analyses on the dichotomised self-reported physical activity and
sedentary behaviour outcome variables, the bernoulli function was used (4 chains, 4 cores and 3000
iterations, 1000 warm-up). For these outcomes, parameter estimates and credible intervals were
exponentiated to provide posterior odds ratios. The achieved level of convergence was Rhat values of 1
for all models.

Furthermore, we determined posterior probabilities, which is the probability that the coe�cient for a group
comparison is above 0. Being above (or below) 0 with a high probability indicates that there was a
difference between groups in the outcome variable. Although Bayesian models should not be interpreted
like frequentist models regarding signi�cance, we used a cut-off for indicating signi�cant effects of these
posterior probabilities as below 0.025 or above 0.975, which is comparable to the traditional p-value
signi�cance level of 0.05.

Datasets
For each of the different de�ned outcome variables, separate models were run and repeated for each of
the following four datasets:

A. Complete cases. The analyses performed with this dataset were considered as the primary results.
Education was imputed with median values for 7 participants who had missings or impossible values but
no further imputations were performed. There were no missing values for gender or age.

B. Intention To Treat with last observation carried forward (ITT-LOCF). The assumption in this model was
that individuals with missing values at follow-up have no change from baseline. The imputation was
performed in 3 steps:

i. Missing values for education were imputed using k Nearest Neighbour imputation using baseline
variables. 
ii. Missing values for the outcomes at baseline were imputed with follow-up values if available, otherwise
with k Nearest Neighbour imputation. 
iii. Missing values at follow-up were imputed with Last Observation Carried forward, which in this case is
the baseline observation carried forward.

C. Intention To Treat with k Nearest Neighbour (ITT-kNN). All missing values were imputed with k Nearest
Neighbour imputation.
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D. Per Protocol. The inclusion criteria for this dataset were:

i. Individuals in iPA or iSED groups and had attended 3 to 5 counselling sessions(16), or individuals in C
group. For those individuals that did not have this information available, it was assumed that they did not
participate in at least 3 sessions.
ii. Individuals with at least one non-missing value at follow-up, meaning that they should have at least
results of either one of the device-measured or self-reported physical activity or sedentary behaviour
outcomes at follow-up.

Education was imputed with median values for those who had missings or impossible values but no
further imputations were performed.

Drop-out analyses
Drop-outs were de�ned as having neither Actigraph nor ActivPAL data at follow-up. To determine whether
missing data were not at random, we performed binary logistic regression analyses using generalised
linear models. Differences between those who dropped-out and those who did not drop-out were
assessed for: group allocation, age, gender, education, as well as baseline physical activity (%MVPA,
Actigraph) and baseline sedentary behaviour (%Sedentary, ActivPAL). These analyses were performed
using SPSS (Statistical Package of Social Sciences, version 25).

Results

Participants
A �owchart with the enrolment, participation, and analysis is presented in Figure 1. A total of 263 o�ce-
workers were randomised into 22 clusters at baseline. After 6 months, 194 (75%) participants remained,
with the participation rate ranging from 59 to 82% between groups. Participants’ characteristics of each
group are shown in Table 1. Observed data on baseline and post-test measurements, speci�ed per
allocated group are shown in Table 2. No harms were reported from the participants.

Group comparisons
Figure 2 shows a forest plot of the Bayesian primary group comparison results for the complete cases
data. Results in table form with exact numbers can be found in Additional �le 4. No signi�cant between-
group differences were found for any of the physical activity or sedentary behaviour outcomes.

The group comparisons for the ITT and per protocol analyses can be found in Additional �le 4. Few
signi�cant differences were found in the ITT-kNN dataset when analysing Actigraph data, mostly
re�ecting more physical activity in the iSED group compared to the iPA group. No statistically signi�cant
differences were seen between the groups in the ITT-LOFC and the per protocol analyses.
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Frequentist multilevel mixed models con�rmed that there were no signi�cant differences between groups,
for %MVPA or for %Sedentary. %MVPA: iPA vs C (β=0·21, 95%CI=-0·55-0·97); iSED vs C (β=0·63,
95%CI=-0·20-1·46); iSED vs iPA (β=0·42, 95%CI=-0·39-1·22). %Sedentary: iPA vs C (β=1·34, 95%CI=-1·22-
3·90); iSED vs C (β=-0·52, 95%CI=-3·31-2·27); iSED vs iPA (β=-1·86, 95%CI=-4·57-0·86).

Drop-out analyses
Those who dropped-out (n=93) had signi�cantly higher odds to be enrolled in the iSED group compared
to the C group, (OR=2·43, 95% CI=1·33-4·48), and lower odds to be the iPA group compared to the iSED
group (OR=0·24, 95% CI=0·12-0·48). No signi�cant differences were found between the iPA and C group
(OR=0·59, 95% CI=0·30-1·17).

Baseline %MVPA and %Sedentary did not differ signi�cantly between those who dropped-out and those
who did not (respectively: OR=1·02, 95% CI=0·91-1·14 and 1·03, 95% CI=0·99-1·06). Those who dropped-
out had higher odds to be men (OR=1·91, 95% CI=1·09-3·34), lower odds to be older (OR=0·97, 95%
CI=0·94-1·00), and lower odds to be highly educated (OR=0·89, 95% CI=0·80-0·99).

Of those who did not drop out, per protocol information on the amount of counselling sessions attended
were missing for 10 participants.

Discussion
This cluster RCT amongst o�ce-workers was the �rst to compare two multi-component interventions,
targeting either physical activity or sedentary behaviour, with a control group. Results indicate that both
multi-component interventions were unsuccessful at increasing physical activity and reducing sedentary
time. Comparing the two interventions also indicated that none of them was superior to the other.
Findings were robust for both device-measured and self-reported physical activity and sedentary
behaviour. Furthermore, the lack of effect was also consistent regardless of analysing complete cases,
intention to treat, or per protocol datasets. Although interventions were theory-based and o�ce-workers
and companies preferences were taken into account when designing the interventions, in practice, these
interventions were not able to change the o�ce-workers’ physical activity or sedentary behaviour as
measured directly after the six months interventions. As many previous studies have encountered,
changing behaviour is a major challenge (24).

Re�ections on the lack of effect
One explanation for the lack of effect might be the relatively favourable baseline levels of MVPA in the
participants compared to the total population (2). Although we speci�cally aimed at targeting an inactive
population and we excluded those that were very active, many of the o�ce-workers were already
relatively physically active at baseline. However, baseline device-measured behaviour might also have
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been positively biased. Even though device-measured outcomes are considered more objective compared
to self-reported outcomes, participants might be in�uenced by the awareness of wearing these devices
(25). In an intervention study, this effect may be even stronger since the prospect of participating in a
behavioural change study in itself might already change behaviour. This hypothesis is supported by our
descriptive data that indicated that the control group consistently had more favourable physical activity
and sedentary behaviour at baseline compared to follow up, despite the fact that measurements were
spread over seasons. As a result of the potential bias towards more favourable device-measured physical
activity patterns at baseline, part of the effects might have been masked. There is however no reason to
believe that this effect has been larger in our trial compared to previous trials that did �nd signi�cant
effects of interventions on similar outcomes (7, 8). Another explanation for the lack of effect might be
that participants felt that the intervention with �ve counselling sessions was too time consuming and
ambitious. Future studies should work towards �nding a better balance between what is needed based on
theory and what is well-received by the target group.

A surprising �nding was that more people dropped out from the sedentary behaviour intervention
compared to the physical activity intervention. As participants were randomised into either of these
groups after baseline it might indicate that the intervention targeting sedentary behaviour was less
attractive compared to the physical activity intervention. One factor that might have in�uenced the
attractiveness was that only participants in the physical activity intervention received free access to a
gym. Another consideration is that even though the awareness of sedentary behaviour and potential
health effects seems to be growing, the belief that this behaviour needs to be changed might still not be
as accepted compared to changing physical inactivity (26). Further research should therefore consider
these aspects.

Comparison with other studies
Several other intervention studies aiming at improving physical activity amongst o�ce-workers also did
not manage to successfully change this behaviour. A study amongst employees with mixed professions
who participated in a similar counselling intervention on physical activity, with one group only receiving
counselling and another group receiving counselling and �tness testing, also showed no effects on
physical activity compared to a control group (27). A recent study on a 6-month workplace intervention
with a different approach, studying a loyalty scheme with �nancial incentives, also did not show a
signi�cant improvement in physical activity (28).

With regard to studies targeting sedentary behaviour, two recent large cluster RCTs amongst o�ce-
workers did manage to reduce sitting time in multi-component interventions (29, 30). As compared to the
current study, all participants in these previous studies did not have a sit-stand desk at baseline but were
provided one as part of the intervention. Therefore, the contrast from baseline to post-intervention was
larger than in our study were the companies as a standard provide all their o�ce-workers with sit-stand
desks and o�ce-workers were simply encouraged to use them more often. Furthermore, both of these
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previous trials had an organisational intervention component that involved senior management as
compared to the present trial in which team leaders played the primary role in the organisational part.
Although some of the team leaders in the current study were also team managers, in the majority of the
clusters, team leaders did not have a management function. Involving senior management might thus be
a key component for success, and further studies should consider this.

Different from previous studies (27-30), our aim was to increase physical activity or reduce sedentary
behaviour in order to improve mental health and cognition (16). Therefore, how the intervention was
presented to participants may have altered their attitudes or behaviours. This is however outside the
scope of the current paper. After this RCT, the study continued as a cohort study with the control group
randomised into either of the interventions, and others remaining in their intervention groups. Planned
studies on mental health and cognition, as well as, on the working mechanisms and feasibility of the
interventions will be published separately, and will provide more insight and practical directions on how to
change physical activity behaviour in order to improve mental health and cognition.

Limitations
The original aim of this study was to include 330 persons but unfortunately this target was not reached,
thus the study may be underpowered. As described earlier, the sample was relatively physically active at
baseline which might have further negatively affected the statistical power as less participants were able
to improve their physical activity. On the other hand, the lack of effectiveness of interventions was a
robust �nding over all physical activity and sedentary behaviour outcomes and datasets.

The cluster randomised design of this study is a strength, but since o�ce-workers were randomised into
teams spread over three o�ces we cannot rule out the risk of contamination between groups. Although
this study had a considerable amount of drop-outs, the rate was only slightly higher compared to other
similar trials amongst o�ce-workers (29, 30). Furthermore, a large proportion of women participated in
this study, and more men dropped out of the study which limits the generalisability of the study. Also,
younger persons and persons with longer education were more likely to drop out. This might be
interpreted as the intervention being experienced as less attractive to men, younger and higher educated
o�ce-workers. Future studies should consider gender, age, and education more carefully in the design of
interventions.

Conclusions
The multi-component interventions, either targeting physical activity or sedentary behaviour, did not lead
to an increase in physical activity or a reduction in sedentary behaviour amongst o�ce-workers. The
sedentary behaviour intervention was as ineffective as the physical activity intervention. Findings were
consistent over both device-measured and self-reported behaviour measures, and there was also no
effect when only analysing those that adhered to the intervention protocol. Future studies should develop
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more effective strategies to increase physical activity and reduce sedentary behaviour, and consider the
attractiveness of these interventions with regard to gender, age, and education.

Abbreviations
CBT
Cognitive behavioural therapy
BMI
Body Mass Index
C
Control group
CI
Con�dence interval
cpm
Counts per minute
HR
Human Resources
iPA
Intervention targeting physical activity
iSED
Intervention targeting sedentary behaviour
ITT-kNN
Intention To Treat with k Nearest Neighbour
ITT-LOCF
Intention To Treat with last observation carried forward
MVPA
Moderate-to-vigorous physical activity
OR
Odds ratio
RCT
randomised controlled trial
SD
Standard deviation
VM
vector magnitude
β
Beta coe�cient

Declarations



Page 15/21

Ethics approval and consent to participate

Ethical approval was granted by The Stockholm regional ethical review board (2017/2409-31/1). All
participants provided written informed consent.

Consent for publication

Not applicable.

Availability of data and materials

The datasets generated and/or analysed during the current study are not publicly available due to that
the original approval by the regional ethics board and the informed consent from the participants do not
include such direct free access, but are available from the corresponding author on reasonable request.

Competing interests

The authors declare that they have no competing interests.

Funding

This study is funded by KK-Stiftelsen (20160040), and by the following companies: ICA-gruppen, Intrum,
SATS Elixia, Monark Exercise, and Itrim Sweden. CN is also supported by a grant from FORTE (2017–
01385), Sweden. This project was co-produced with the companies in order to incorporate their views and
input on the study design and data collection. All �nal decisions were made by the research team. The
companies did not have any role in analysing or interpreting the data, writing of the report, nor deciding to
submit the paper for publication. The other funding sources did not have any role in study design, data
collection, analyses, interpretation of data, writing of the report, and in the decision to submit the paper
for publication.   

Author contributions

ME, LK, VB and ÖE were responsible for acquisition of funding of KK-stiftelsen and CN of FORTE. All
authors contributed to study design, literature search, data interpretation and to manuscript review. Data
were collected by LML and EBM. LK and VB were responsible for the intervention, ME was responsible for
contact with the companies, and ÖE was responsible for processing device-measured data. CN was
responsible for data analyses and for drafting the manuscript. LK drafted �gure 1, and EBM �gure 2. EH
was responsible for language editing. All authors read and approved the �nal manuscript.

Acknowledgement

We acknowledge and thank all the participants of the Healthy Brain study, as well as other staff involved
at the Swedish School of Sport and Health Sciences, GIH, particularly Daniel Vaisanen, Emma Drake and
Kristina Larsson.



Page 16/21

References
1. Sallis JF, Bull F, Guthold R, Heath GW, Inoue S, Kelly P, et al. Progress in physical activity over the

Olympic quadrennium. Lancet. 2016;388(10051):1325–36.

2. Ekblom-Bak E, Olsson G, Ekblom O, Ekblom B, Bergstrom G, Borjesson M. The Daily Movement
Pattern and Ful�lment of Physical Activity Recommendations in Swedish Middle-Aged Adults: The
SCAPIS Pilot Study. PLoS One. 2015;10(5):e0126336.

3. Nooijen CFJ, Kallings LV, Blom V, Ekblom O, Forsell Y, Ekblom MM. Common Perceived Barriers and
Facilitators for Reducing Sedentary Behaviour among O�ce Workers. Int J Environ Res Public
Health. 2018;15(4).

4. Ekelund U, Steene-Johannessen J, Brown WJ, Fagerland MW, Owen N, Powell KE, et al. Does physical
activity attenuate, or even eliminate, the detrimental association of sitting time with mortality? A
harmonised meta-analysis of data from more than 1 million men and women. Lancet.
2016;388(10051):1302–10.

5. Mikkelsen K, Stojanovska L, Polenakovic M, Bosevski M, Apostolopoulos V. Exercise and mental
health. Maturitas. 2017;106:48–56.

�. Ekblom MM, Ekblom OB, Borjesson M, Bergstrom G, Jern C, Wallin A. Device-Measured Sedentary
Behavior, Physical Activity and Aerobic Fitness Are Independent Correlates of Cognitive Performance
in Healthy Middle-Aged Adults-Results from the SCAPIS Pilot Study. Int J Environ Res Public Health.
2019;16(24).

7. Conn VS, Hafdahl AR, Cooper PS, Brown LM, Lusk SL. Meta-Analysis of Workplace Physical Activity
Interventions. Am J Prev Med. 2009;37(4):330–9.

�. 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;6:CD010912.

9. Sallis JF, Owen N, Fischer EB. Ecological models of health behavior. Health Behavior. San Fransisco:
Jossey-Bass; 2008.

10. Chevance G, Caudroit J, Henry T, Guerin P, Boiche J, Heraud N. Do implicit attitudes toward physical
activity and sedentary behavior prospectively predict objective physical activity among persons with
obesity? J Behav Med. 2018;41(1):31–42.

11. Reis RS, Salvo D, Ogilvie D, Lambert EV, Goenka S, Brownson RC, et al. Scaling up physical activity
interventions worldwide: stepping up to larger and smarter approaches to get people moving. Lancet.
2016;388(10051):1337–48.

12. Abu-Omar K, Rutten A, Burlacu I, Schatzlein V, Messing S, Suhrcke M. The cost-effectiveness of
physical activity interventions: A systematic review of reviews. Prev Med Rep. 2017;8:72–8.

13. Brug J, Oenema A, Ferreira I. Theory, evidence and Intervention Mapping to improve behavior
nutrition and physical activity interventions. Int J Behav Nutr Phys Act. 2005;2(1):2.

14. Hofmann SG, Asnaani A, Vonk IJ, Sawyer AT, Fang A. The E�cacy of Cognitive Behavioral Therapy:
A Review of Meta-analyses. Cognit Ther Res. 2012;36(5):427–40.



Page 17/21

15. Fayers PM, Jordhoy MS, Kaasa S. Cluster-randomized trials. Palliat Med. 2002;16(1):69–70.

1�. Nooijen CFJ, Blom V, Ekblom Ö, Ekblom MM, Kallings LV. Improving o�ce workers’ mental health and
cognition: a 3-arm cluster randomized controlled trial targeting physical activity and sedentary
behavior in multi-component interventions. BMC Public Health. 2019;19(1):266.

17. Nooijen CFJ, Del Pozo-Cruz B, Nyberg G, Sanders T, Galanti MR, Forsell Y. Are changes in
occupational physical activity level compensated by changes in exercise behavior? Eur J Public
Health. 2018.

1�. Sasaki JE, John D, Freedson PS. Validation and comparison of ActiGraph activity monitors. J Sci
Med Sport. 2011;14(5):411–6.

19. Aguilar-Farias N, Brown WJ, Peeters GM. ActiGraph GT3X + cut-points for identifying sedentary
behaviour in older adults in free-living environments. J Sci Med Sport. 2014;17(3):293–9.

20. Edwardson CL, Winkler EAH, Bodicoat DH, Yates T, Davies MJ, Dunstan DW, et al. Considerations
when using the activPAL monitor in �eld-based research with adult populations. Journal of Sport
Health Science. 2017;6(2):162–78.

21. Olsson SJ, Ekblom O, Andersson E, Borjesson M, Kallings LV. Categorical answer modes provide
superior validity to open answers when asking for level of physical activity: A cross-sectional study.
Scandinavian journal of public health. 2016;44(1):70–6.

22. Kallings LV, Olsson SJG, Ekblom Ö, Ekblom-Bak E, Börjesson M. The SED-GIH: A Single-Item Question
for Assessment of Stationary Behavior—A Study of Concurrent and Convergent Validity. International
Journal of Environmental Research Public Health. 2019;16(23):4766.

23. Kruschke JK, Liddell TM. Bayesian data analysis for newcomers. Psychon Bull Rev. 2018;25(1):155–
77.

24. Bouton ME. Why behavior change is di�cult to sustain. Prev Med. 2014;68:29–36.

25. Skender S, Ose J, Chang-Claude J, Paskow M, Bruhmann B, Siegel EM, et al. Accelerometry and
physical activity questionnaires - a systematic review. BMC Public Health. 2016;16:515.

2�. Grisolia JM, Longo A, Boeri M, Hutchinson G, Kee F. Trading off dietary choices, physical exercise and
cardiovascular disease risks. Soc Sci Med. 2013;93:130–8.

27. Aittasalo M, Miilunpalo S, Suni J. The effectiveness of physical activity counseling in a work-site
setting. A randomized, controlled trial. Patient Educ Couns. 2004;55(2):193–202.

2�. Hunter RF, Murray JM, Gough A, Tang J, Patterson CC, French DP, et al. Effectiveness and cost-
effectiveness of a loyalty scheme for physical activity behaviour change maintenance: results from a
cluster randomised controlled trial. Int J Behav Nutr Phys Act. 2018;15(1):127.

29. Edwardson CL, Yates T, Biddle SJH, Davies MJ, Dunstan DW, Esliger DW, et al. Effectiveness of the
Stand More AT (SMArT) Work intervention: cluster randomised controlled trial. BMJ.
2018;363:k3870.

30. Healy GN, Eakin EG, LaMontagne AD, Owen N, Winkler EAH, Wiesner G, et al. Reducing sitting time in
o�ce workers: Short-term e�cacy of a multicomponent intervention. Prev Med. 2013;57(1):43–8.



Page 18/21

Tables

Table 1. Participants’ baseline characteristics.   

 
iPA

n=84, 8 clusters

iSED

n=87, 7 clusters

C

n=92, 7 clusters

Age, mean (SD) years 41 (9) 41 (9) 44 (8)

Female, % (n) 80 (67) 64 (56) 76 (70)

Education, mean (SD) years 15 (2) 14 (2) 15 (2)

Married/living together, % (n) 78 (65) 85 (71) 79 (72)

Children at home under 18, % (n) 54 (45)  69 (59) 67 (61)

Working fulltime, % (n) 88 (73)  94 (80)  93 (85)

Current smoker, % (n) 11 (9) 7 (6) 1 (1) 

BMI, mean (SD)                  25 (4) 25 (4)  26 (5) 

iPA=physical activity intervention, iSED= sedentary behaviour intervention, C= control group, SD=standard deviation, BMI=body mass index. 

Table 2. Observed data on baseline and post-test measurements, specified per allocated group.
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  iPA (8 clusters) iSED (7 clusters) C (7 clusters)

Baseline 

 

Post-test  Baseline  Post-test  Baseline 

 

Post-test 

Physical activity

Actigraph, mean (SD)

n=83  n=65 n=85 n=41 n=91 n=61

% 

Average of all days

MVPA 6·3 (2·3) 6·2 (2·2) 6·4 (2·3) 6·6 (2·3) 6·3 (2·2) 5·9 (2·0)

Light 33·3 (5·8) 32·4 (6·0) 32·1 (6·2) 33·1 (6·1) 32·5 (6·1) 31·6 (6·4)

Moderate 5·4 (1·8) 5·3 (1·8) 5·5 (1·9) 5·7 (2·2) 5·4 (1·7) 5·2 (1·7)

Vigorous 0·9 (1·0) 0·8 (0·9) 0·8 (0·9) 0·7 (0·7) 0·8 (0·7) 0·7 (0·6)

%

Average of weekdays only

MVPA 6·0 (2·3) 6·1 (2·2) 6·1 (2·4) 6·1 (2·1) 6·0 (2·1) 5·8 (1·9)

Light 30·9 (5·6) 30·1 (6·3) 29·7 (5·9) 30·8 (5·8) 29·9 (6·2) 29·4 (6·8)

Moderate 5·1 (1·7) 5·3 (1·8) 5·3 (1·9) 5·4 (1·9) 5·1 (1·7) 5·1 (1·6)

Vigorous 0·8 (1·1) 0·7 (0·9) 0·8 (0·9) 0·6 (0·6) 0·7 (0·7) 0·6 (0·7)

             

Sedentary behaviour 

Activpal, mean (SD)

n=80 n=58 n=85 n=37 n=89 n=61

%

Average of all days

Sedentary 61·0 (7·4) 61·3 (6·5) 62·6 (7·9) 60·4 (6·7) 59·2 (9·0) 60·4 (8·9)

Standing 26·5 (6·7) 26·7 (5·7) 25·3 (6·5) 27·0 (6·3) 28·2 (7·6) 27·5 (7·8)

Walking 12·6 (2·7) 12·0 (2·6) 12·1 (2·8) 12·6 (2·6) 12·6 (2·6) 12·1 (2·8)

% 

Average of  

work time only

Sedentary 66·9 (12·6) 67·1 (10·3) 67·9 (10·7) 65·4 (10·1) 64·9 (13·2) 66·9 (16·1)

Standing 24·3 (11·7) 23·4 (9·9) 23·1 (9·8) 25·1 (9·4) 26·1 (11·9) 24·5 (14·9)

Walking 8·8 (2·9) 9·4 (2·8) 8·9 (2·9) 9·5 (2·9) 9·0 (3·0) 8·7 (2·8)

             

Self-reported  

% more favourable 

n=82 n=59 n=85 n=41 n=89 n=62

Physical activity 59 73 62 78 63 69

Daily sitting time  16 27 17 39 15 23

Figures
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Figure 1

Flowchart of enrollment, participation, and analysis.
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Figure 2

Forest plot of group differences for the complete cases data set. iPA=physical activity intervention,
iSED=sedentary behaviour intervention, C=control group, MVPA=moderate to vigorous physical activity
Posterior probability cut-off to indicate signi�cant differences: > 0·975 or <0·025.
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