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ABSTRACT
Patients with coronary artery disease (CAD) are more
sedentary compared with the general population, but
contemporary cardiac rehabilitation (CR) programmes
do not specifically target sedentary behaviour (SB). We
developed a 12-week, hybrid (centre-based+home-based)
Sedentary behaviour IntervenTion as a personaLisEd
Secondary prevention Strategy (SIT LESS). The SIT LESS
programme is tailored to the needs of patients with CAD,
using evidence-based behavioural change methods and
an activity tracker connected to an online dashboard to
enable self-monitoring and remote coaching. Following
the intervention mapping principles, we first identified
determinants of SB from literature to adapt theory-based
methods and practical applications to target SB and then
evaluated the intervention in advisory board meetings
with patients and nurse specialists. This resulted in four
core components of SIT LESS: (1) patient education, (2)
goal setting, (3) motivational interviewing with coping
planning, and (4) (tele)monitoring using a pocket-worn
activity tracker connected to a smartphone application
and providing vibrotactile feedback after prolonged
sedentary bouts. We hypothesise that adding SIT LESS
to contemporary CR will reduce SB in patients with
CAD to a greater extent compared with usual care.
Therefore, 212 patients with CAD will be recruited from
two Dutch hospitals and randomised to CR (control) or
CR+SIT LESS (intervention). Patients will be assessed
prior to, immediately after and 3 months after CR. The
primary comparison relates to the pre-CR versus post-
CR difference in SB (objectively assessed in min/day)
between the control and intervention groups. Secondary
outcomes include between-group differences in SB
characteristics (eg, number of sedentary bouts); change
in SB 3 months after CR; changes in light-intensity and
moderate-to-vigorous-intensity physical activity; quality
of life; and patients’ competencies for self-management.

WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒ A sedentary lifestyle is associated with an increased

risk of cardiovascular mortality and morbidity.
⇒ Patients with cardiovascular disease are more seden-

tary compared with the general population, while daily
time spent sedentary remains high following contemporary cardiac rehabilitation (CR) programmes.

WHAT THIS STUDY ADDS
⇒ The

Sedentary Behaviour Intervention as a
Personalised Secondary Prevention Strategy (SIT
LESS) randomised clinical trial evaluates the effects
of a 12-week, hybrid (centre-based+home-based),
personalised behaviour change intervention on
sedentary behaviour (SB) in patients with coronary
artery disease.
⇒ Insights on the impact of SIT LESS as add-on module to CR on changes in quality of life, functional outcomes and cardiovascular risk factors.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE AND/OR POLICY
⇒ Targeting SB may be a novel strategy to improve

habitual physical activity of patients with cardiovascular disease beyond supervised exercise training
sessions.
⇒ Personalised behaviour change interventions, supported by technology-based programmes and supplemented with (digital) coaching, may become the
new standard of future CR programmes.
Outcomes of the SIT LESS randomised clinical trial will
provide novel insight into the effectiveness of a structured,
hybrid and personalised behaviour change intervention to
attenuate SB in patients with CAD participating in CR. Trial
registration number NL9263.

van Bakel BMA, et al. BMJ Open Sp Ex Med 2022;8:e001364. doi:10.1136/bmjsem-2022-001364

1

BMJ Open Sport Exerc Med: first published as 10.1136/bmjsem-2022-001364 on 25 May 2022. Downloaded from http://bmjopensem.bmj.com/ on January 9, 2023 by guest. Protected by
copyright.

Open access

INTRODUCTION
Exercise-
based cardiac rehabilitation (CR) is strongly
recommended for patients with coronary artery disease
(CAD) in international guidelines to improve survival
and quality of life.1 Contemporary CR programmes
adopt a multidisciplinary approach, including exercise
training, psychosocial management, smoking cessation,
nutrition counselling and management of blood pressure, lipid spectrum and weight, but do not specifically
target sedentary behaviour (SB).2
Emerging evidence indicates that SB, defined as any
low-
intensity behaviour (energy expenditure of ≤1.5
metabolic equivalent of task (MET)) while awake in
a seated or reclined posture,3 is high in patients with
CAD and remains high after completion of contemporary CR.4–7 High levels of SB are associated with an
increased risk of cardiovascular mortality and morbidity.8
Replacement of sedentary time by light-
intensity or
moderate-to-vigorous-intensity activities has been shown
to attenuate the risk for adverse outcomes, subsequently
contributing to improved clinical outcomes in patients
with CAD.9 10 Furthermore, breaking up SB by taking
active breaks could counteract the detrimental effects
of prolonged sedentary bouts regardless of total sedentary time.11 Therefore, independent of engagement in
exercise, reducing SB may hold great clinical promise in
patients with CAD.
The Sedentary Behaviour Intervention as a Personalised
Secondary Prevention Strategy (SIT LESS) study aims to
develop and evaluate the effectiveness of a structured,
hybrid behaviour change intervention to reduce sedentary time among patients with CAD participating in CR.
For this purpose, a pragmatic, multicentre randomised
clinical trial (RCT) will be conducted. The primary aim
is to investigate the effect of the SIT LESS programme
compared with usual care on changes in objectively
measured SB, expressed as daily time spent sedentary, following completion of CR. Secondary outcomes
include SB characteristics (eg, number and duration of
daily sedentary bouts); change in sedentary time at 3
months after CR completion; changes in light-intensity
physical activity (LIPA) and moderate to vigorous-
intensity physical activity (MVPA); quality of life; and
patients’ competencies for self-management, as well as
changes in lipid profile and cardiovascular risk score. We
hypothesise that SIT LESS results in a greater decrease in
time spent sedentary compared with usual care, directly
after CR, which may translate to a better quality of life,
increased physical activity levels and improved clinical
outcomes at follow-up compared with contemporary CR.
METHODS
Study design
A pragmatic, multicentre RCT will be performed in order
to determine the effectiveness of SIT LESS, a 12-week,
hybrid and personalised behaviour change intervention
in addition to CR, to reduce SB in patients with CAD.
Patients will be randomly assigned to either the control
2

(usual care CR) or the intervention group (usual care
CR+SIT LESS) (figure 1).
Study setting and recruitment
Patients from Bernhoven Hospital (Uden, Netherlands)
and Rijnstate Hospital (Arnhem, Netherlands) will be
included in the SIT LESS RCT. Patients are eligible for
participation if referred to CR because of stable CAD, an
acute coronary syndrome and/or after coronary revascularisation. Additional inclusion and exclusion criteria
are provided in table 1. Eligible patients will be verbally
informed about the SIT LESS RCT procedures by their
nurse specialist. When interested in trial participation,
they are seen by a member of the research team to obtain
written informed consent. We will record the number of
participants that reject trial participation and collect the
main reason for non-participation. All subjects withdrawn
within the first 2 weeks after inclusion will be replaced.
The study burden is negligible up to this point, justifying
replacing these subjects and to ensure sufficient power
to assess our primary outcome. The number of replaced
subjects will be recorded and the reason for withdrawal
will be carefully documented.
Randomisation, blinding and treatment allocation
After obtaining informed consent, patients are randomly
assigned to either the control or the intervention group.
Randomisation will be stratified by sex and hospital to
ensure balance of the treatment arms. We use a computerised randomisation system (Castor Electronic Data
Capture 2021, Ciwit B.V., Amsterdam, Netherlands) with
block randomisation in random block sizes (range 4–6)
for allocation concealment. The investigators, nurse
specialists and patients cannot be blinded for the treatment allocation due to the nature of the intervention.
Usual care
All patients receive usual care and will be seen by their
cardiologist and/or general practitioner as clinically
appropriate. Usual care consists of a comprehensive
CR programme, delivered by healthcare professionals
such as specialist trained nurses and physical therapists,
with a total duration of ~12 weeks. One to three regular,
individual consultations are scheduled with the nurse
specialist focussing on lifestyle, medication and psychosocial well-being. Participants are offered an outpatient
physical activity programme, consisting of ~12 supervised, 1-hour exercise sessions across 6 weeks. If indicated,
a dietary module, psychoeducative prevention module,
psychological module and/or additional consultations
with the nurse specialist can be added.
SEDENTARY BEHAVIOUR INTERVENTION AS A PERSONALISED
SECONDARY PREVENTION STRATEGY
Development
Behaviour change interventions based on a theoretical framework, tailored to the target population and
consisting of multiple behaviour change strategies, appear
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Figure 1 SIT LESS RCT flowchart. CAD, coronary artery disease; CR, cardiac rehabilitation; HeartQoL, Heart Quality of Life;
PAM-13, 13-Item Patient Activation Measure; RCT, randomised clinical trial; SBQ, Sedentary Behaviour Questionnaire; SIT
LESS, Sedentary Behaviour Intervention as a Personalised Secondary Prevention Strategy; SQUASH, Short Questionnaire to
Assess Health-Enhancing Physical Activity.

most effective to improve physical activity patterns.12
Following these principles, we used an intervention
mapping adaptation framework13 to adapt a previously
developed, successful and cost-effective self-management
intervention for clinical settings14 into SIT LESS and
subsequently tailored it to the needs of patients with
CAD. First, we identified determinants of physical
activity and SB in patients with CAD from literature
(online supplemental file 1). Subsequently, we adapted
(theory-based) methods and practical applications of the
intervention to target SB in patients with CAD. Finally,
we evaluated the adapted intervention in two advisory
board meetings with three patients with CAD and three
nurse specialists. This resulted in a structured SIT LESS
manual consisting of four core components: (1) patient
education; (2) goal setting; (3) motivational interviewing

with coping planning and self-efficacy; and (4) (self-)
monitoring, learning, problem solving and maintenance
of behaviour change (online supplemental file 2). The
SIT LESS manual is used by the nurse specialist during
three face-to-face consultations for SIT LESS coaching.
Additionally, patients use an activity tracker that provides
real-time vibrotactile feedback and enables continuous
SB (self-
)monitoring. Subsequently, patients are (bi-
)
weekly contacted by telephone for coaching purposes
based on SB monitoring data.
Patient involvement
Three patients with CAD were closely involved in the
study development, with one patient representing
the Harteraad (Dutch National CAD Patient Advisory
Council). The advisory board was consulted once in the
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Table 1 Inclusion and exclusion criteria
Inclusion criteria

Exclusion criteria

► Age ≥18 years.
► Referral to regular cardiac rehabilitation.
► Diagnosed with coronary artery disease.

►
►
►
►
►

ST-elevation myocardial infarction.
Non-ST-elevation myocardial infarction.
Unstable angina pectoris.
Stable angina pectoris.
► Able to understand and perform study-related procedures.
Smartphone or tablet availability.
Internet access.
Sufficient digital knowledge to use smartphone applications.
Ability to speak, read and interpret the Dutch language.

Unable to give informed consent.
Wheelchair-bounded/not physically able to stand or walk.
Expected CABG <8 weeks after inclusion.
Heart failure (NYHA class III/IV).
Participation in another interventional study targeting SB
or PA.

CABG, coronary artery bypass grafting; NYHA, New York Heart Association; PA, physical activity; SB, sedentary behaviour.

preparation phase (study design, outcome measures and
recruitment strategy) and twice during development
of SIT LESS (full content and design of the SIT LESS
manual). After processing feedback of the first meeting,
the advisory board critically appraised the SIT LESS
manual, ultimately reaching unanimous consensus about
the content. Our advisory board will be regularly updated
and informed throughout the trial.
SIT LESS manual
Tailoring the information to the needs and abilities of
the patient is essential throughout the SIT LESS manual
(online supplemental file 2). Therefore, steps 1 and
2 are focused on patient education to enhance the
patient’s knowledge regarding the risks of SB and benefits of reducing SB, using visual materials (figure 2). In
step 3, motivation to reduce SB is discussed, focussing

A

on underlying personal reasons and addressing possible
concerns. In step 4, the goal of maximal daily SB is set
and patients select an expected scenario regarding their
SB. Based on the selected scenario, patients are challenged to explain personal reasons for sitting less and
to identify potential barriers. Motivational interviewing
is an important part of patient counselling and adopts
language designed to strengthen personal motivation
and commitment to a specific goal.13 To improve chances
to achieve the planned outcomes, a specific plan (if–
then planning) is defined and challenging situations and
possible solutions are discussed (step 5). In step 6, the
patient’s confidence achieving the goal is determined
and reasons for change are reinforced, while potential
residual barriers are evaluated and discussed. In step 7,
the pocket-
worn activity tracker is introduced (Activ8

B

Health

> 12

10

9

8

<6

hours/day

Figure 2 Example of visual material from the Sedentary Behaviour Intervention as a Personalised Secondary Prevention
Strategy intervention manual to enhance patients’ knowledge regarding the risks of too much time spent sedentary (A) and the
benefits of reducing it (B).
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Figure 3 Activity tracker. The Activ8 sit tracker can
be easily worn in the trouser pocket (A) and is a small,
lightweight activity tracker (B).

sit tracker; 2M Engineering, Valkenswaard, Netherlands; figure 3). This is a commercially available, small
(30×32×10 mm), lightweight (20 g) and validated device
to monitor SB.15 Self-monitoring is a valuable behaviour
change method,13 16 prompting patients to record their
SB. The activity tracker can be connected to a secured,
personalised, patient-
centred smartphone application
(RISE; Appbakkers B.V., Zwolle, Netherlands) that
enables patients and nurse specialists to (1) register and
adjust personal goals and (2) upload and review daily

SB (figure 4). The activity tracker allows for recognising
prolonged bouts of uninterrupted sitting (ie, ≥30 min).
By default, the activity tracker provides direct vibrotactile feedback after each prolonged sedentary bout.
Patients can (temporarily) switch off the vibrotactile
feedback using the smartphone application. Using the
activity tracker with vibrotactile feedback enables 24/7
monitoring of SB. Based on monitored SB, patients are
regularly contacted by telephone for supportive coaching
and to evaluate predefined SB targets using motivational
interviewing techniques. To ensure similar mode of operation, a standard operating procedure was used for the
telephone coaching (online supplemental file 3). In step
8, patients evaluate their SB during a follow-up face-to-face
meeting with the nurse specialist. Obstacles are discussed
and possible causes are identified. Subsequently, a new
concrete plan for the upcoming period is formulated. All
steps of the SIT LESS manual are summarised in table 2.
The participating nurse specialists are registered with
the Dutch Association for Cardiovascular Nurses and
are trained in the basics of motivational interviewing
as part of their education. Prior to delivering SIT LESS

Figure 4 Impression of the sedentary behaviour data in the online dashboard and smartphone application collected by the
Activ8 sit tracker. (A) Part of the monthly overview in the online dashboard with the date on the x-axis and the sedentary hours/
day on the y-axis. Maximum total sedentary goal was set at 8 hours/day, as shown by the blue horizontal line. A decreasing
trend can be observed in the total sedentary time, as well as the amount of prolonged sedentary time. (B) Weekly overview
in the online dashboard representing the time frame depicted by the blue box (A). Data regarding time spent being physically
active, sitting and prolonged sitting throughout the day are visible on the left, with the total amount of sitting (sitting+prolonged
sitting) on the right. (C) Screenshot of the day view on the smartphone application; the selected day corresponds to the red box
(A).
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Table 2 Summary of the core components of the SIT LESS manual
Step

Core component

Aim

Content*

1A
Risk factors

Patient education

To introduce prolonged sitting as a risk
factor for CVD progression

Online supplemental figure S2-1A with CVD
risk factors, verbal introduction of SB as one
of the CVD risk factors and correcting possible
misconceptions

1B
CR

Patient education

To inform about facilitating role of CR in
targeting CVD risk factors

Verbal explanation of CR and specifically targeting
SB in an individually tailored CR programme

2A
SB

Patient education

To explain SB with examples of several
SB settings

Online supplemental figure S2-2A1, an easy-to-
understand figure with examples of sedentary
everyday life situations
Online supplemental figure S2-2A2, an example of
two daily schedules to illustrate that most part of
the day is spent sitting (without noticing)

2B
Detrimental health
consequences of SB

Patient education

To increase knowledge about the
detrimental health effects of SB

Online supplemental figure S2-2B, an insightful
figure to clarify the ways in which SB could lead to
adverse health effects

2C
Sitting less and regularly
standing up improves
health

Patient education

To discuss (health) benefits of sitting less Online supplemental figure S2-2C, easy-to-
and interrupting prolonged sitting bouts remember graphs explaining how reduced sitting
and regular sitting interruption can improve health
status using colours and emoticons

2D
More PA improves health

Patient education

To explain (health) benefits of increasing Online supplemental figure S2-2D, easy-to-
regular PA
remember graph to explain health benefits of
increasing daily PA volumes using colours and
emoticons

3A
Reasons to sit less

Motivation and
goal setting

To identify personal reasons for sitting
less and enforce identified benefits/
introduce new benefits

3B
Concerns regarding sitting
less

Motivation and
goal setting

To identify personal concerns for sitting Drop-down list with common concerns regarding
less and (if inaccurate) correct identified reducing SB to explore whether these are
applicable to the patient
concerns/discuss solutions

4A
Motivation and
Scenario selection and goal goal setting
setting

Drop-down list with common reasons to reduce
SB to explore whether these are applicable to the
patient

To set the goal of daily sedentary time
and provoke language of change using
scenario selection

Online supplemental figure S2-4A, four examples
of activity tracker-based SB reports ranging from
excellent to poor regarding goal achievement;
patient sets a sitting goal, selects a (desired)
scenario and elaborates why

5A
Possibilities, difficult
situations and solutions to
sit less

Planning and self- To determine possibilities to sit less
in everyday life situations, discuss
efficacy
obstacles and define effective solutions

Drop-down list with common obstacles and
corresponding solutions to explore whether these
are applicable to the patient

5B
A plan to sit less

Planning and self- To define a clear action and coping plan Templates for action and coping plans (if–then) to
to reduce SB and regularly break up
efficacy
effectively reduce SB
sitting

6A
Confidence in the ability to
accomplish the goal

Planning and self- To determine the confidence in reducing Ruler (1–10 scale) to score confidence in reaching
efficacy
SB (reaching the defined goal)
the reduced sitting goal; if confidence is low,
residual barriers are explored and/or the goal is
set less ambitious

7A
Introduction of the activity
tracker

Monitoring,
learning, problem
solving and
maintenance of
behaviour change

To give an introduction of the activity
tracker with smartphone application for
monitoring SB and coaching in the home
environment

Live demonstration of the functionalities of the
activity tracker and smartphone application and
introduce telephone consultations for coaching
purposes to continue the behaviour change
intervention in the home environment

8A
Evaluation of SB report

Monitoring,
learning, problem
solving and
maintenance of
behaviour change

To evaluate the SB over the past period,
identify days when sitting goals were
not achieved and explore the patient’s
thoughts

Patient’s own SB report using the online
dashboard; reinforce good periods and highlight
discrepancies between the desired and actual SB
with regard to the goal that is set

Continued
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Table 2 Continued
Step

Core component

Aim

Content*

8B
Learning, problem solving
and maintenance of
behaviour change

Monitoring,
learning, problem
solving and
maintenance of
behaviour change

To identify patterns of success or failure
reducing SB over the past period and
to evaluate obstacles and solutions
and define a clear action plan for the
upcoming period; the patient continues
monitoring at home using the activity
tracker with smartphone application and
coaching by telephone consultations

Templates to discuss experienced obstacles and
effective solutions to reduce SB; use the online
dashboard to set the goal for the upcoming
period, identify potential barriers and ways to
overcome these, resulting in a concrete plan (what
to do when)

*For the SIT LESS intervention manual including online supplemental figures S2-1A–S2-4A (see online supplemental file 2, SIT LESS intervention
manual).
CR, cardiac rehabilitation; CVD, cardiovascular disease; PA, physical activity; SB, sedentary behaviour; SIT LESS, Sedentary Behaviour Intervention
as a Personalised Secondary Prevention Strategy.

to the intervention group, all nurse specialists received
a comprehensive and accredited additional training
course in delivering the intervention consultations and
applying motivational interviewing, under the guidance of a behavioural psychologist. The training course
consisted of a self-study document (±3 hours of preparation), followed by an on-site group training (±8 hours)
where theory was explained and subsequently practised
through active role-play.
SIT LESS timeline
SIT LESS is a 12-week, in-person and nurse-delivered,
hybrid (centre-
based+home-
based) behaviour change
intervention that is offered alongside regular CR (usual
care) (figure 1). SIT LESS consists of three face-
to-
face consultations, (bi)weekly telephone coaching and
continuous monitoring of SB in the home environment
using a pocket-worn activity tracker that provides real-
time vibrotactile feedback and ability to monitor SB
throughout the intervention.
Consultation 1: SIT LESS coaching
This consultation starts with patient education regarding
the risks of SB and benefits of reducing SB (steps 1 and 2).
Subsequently, motivation and goal-setting are discussed
(steps 3 and 4) and a clear, individualised action plan to
reduce and regularly interrupt SB is defined (steps 5 and
6). Then patients are provided with the activity tracker,
including real-time, vibrotactile feedback throughout the
intervention period (±12 weeks), after they received an
extensive introduction on the tracker and smartphone
application (step 7). This first SIT LESS consultation
takes place at the start of CR and takes ±30 min.
Consultation 2: SIT LESS coaching
The face-to-face interim evaluation (consultation 2) takes
place at ±6 weeks after consultation 1. This consultation is
focused on (self-)monitoring, learning, problem solving
and maintenance of behaviour change. Data collected by
the activity tracker are summarised in an SB report from
the online dashboard, which is evaluated together with
the patient. Patterns of success or failure in achieving SB
goals are identified (step 8). Subsequently, an updated,

personal action plan is defined, and additional/novel
barriers and ways to overcome these are considered. If
indicated, previous steps of the SIT LESS manual can be
discussed, reviewed and adjusted. This consultation will
take ±30 min.
Consultation 3: SIT LESS coaching
The last face-
to-
face evaluation (consultation 3) takes
place at ±12 weeks after consultation 1. During this closing
visit, the course of SB throughout the intervention period
is re-evaluated and, again, patterns of success or failure in
achieving SB goals are identified (step 8). The SB goal
with action plan is updated in the personalised online
dashboard. Special focus during this consultation is on
maintenance of behaviour change, also after the intervention period. If indicated, previous steps of the SIT
LESS manual can be repeated (steps 1–6). This consultation will take ±30 min.
Telephone coaching
Patients will be contacted by telephone for supportive
coaching based on their SB reports collected through
the activity tracker throughout the intervention period.
During weeks 1–6, telephone coaching takes place on a
weekly basis, followed by biweekly telephone coaching
during weeks 7–12. Any problems using the activity tracker
that the patient may have encountered will be resolved.
The SB goals are evaluated by motivational interviewing
techniques to stimulate patients to (further) reduce SB
(online supplemental file 3). Telephone coaching will
take ±10 min per consultation.
Outcome measures
The primary outcome of the SIT LESS RCT is the change
in objectively measured SB, expressed in daily time
spent sedentary, following CR completion. Secondary
outcomes include SB characteristics (eg, number and
duration of daily sedentary bouts and proportion of
participants with a 30 or 60 min/day decrease in sedentary time after CR); change in time spent sedentary at
3 months after CR completion; changes in LIPA and
MVPA (assessed prior to CR, after CR completion and 3
months after CR completion); and changes in quality of
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life, patients’ competencies for self-management, as well
as changes in lipid profile and cardiovascular risk score.
Other outcome measures include Timed Up and Go;
handgrip strength; process-evaluation data (eg, number
of visits attended, delivered CR modules, number of
physiotherapy sessions and valid wear days of the activity
tracker); and incidence of clinical endpoints (ie, all-cause
mortality, cardiovascular mortality, and rehospitalisation
and recurrence of acute coronary events) during 5 years
of follow-up (figure 1). The data catalogue can be found
in online supplemental file 4.
Measurements
SB and physical activity
SB and physical activity will be objectively assessed using
a validated accelerometer (ActivPAL3 micro; PAL Technologies, Glasgow, UK).17 The ActivPAL is a small device
(25×45×5 mm) attached to the patient’s thigh using hypoallergenic tape. The ActivPAL is sealed with a nitrile sleeve
and transparent tape for waterproof protection to allow
for continuous monitoring. Patients are instructed to wear
the ActivPAL 24 hours/day for 8 consecutive days and are
instructed to fill in a sleep diary. After this measurement,
the ActivPAL will be send back to our research institute
by mail. The ActivPAL combines a triaxial accelerometer with an inclinometer which accurately distinguishes
between sitting, standing and walking.17 Raw data are
analysed by a modified version of the script of Winkler
et al.18 In the analysis of SB and physical activity, we will
remove the first 24 hours of the measurement to counteract a possible Hawthorne effect. Total sedentary time
is expressed in hours per day and accumulation of sedentary time will be examined by calculating the number
of prolonged (≥30 min) and short (<30 min) sedentary
bouts. Activities are categorised as LIPA (MET score <3)
or MVPA (ME score ≥3) and expressed in hours per day.
Questionnaires
Quality of life
The health-related quality of life will be assessed using
the HeartQoL questionnaire, which is designed and
validated specifically for patients with CAD.19 It consists
of 14-
items (10-
item physical and 4-
item emotional)
resulting in subscales ranging from 0 (poor) to 3 (better)
and a global score.19

life situations. The SQUASH determines time spent
performing physical activity in four different settings:
work, transportation, household and leisure time.
Blood samples
A venous blood sample, obtained by venepuncture, is
density lipoprotein cholesterol,
collected to assess low-
high-
density lipoprotein cholesterol, total cholesterol,
triglycerides, haemoglobin, leucocytes, and thrombocytes at baseline and after CR.
Cardiovascular risk score
The SMART risk score, containing 14 clinical predictors,
year risk of recurrent cardiovascular
estimates the 10-
events23 and is calculated prior to CR and after CR
completion. The clinical predictors are derived from the
electronic patient file.
Functional tests
Timed Up and Go test
Timed Up and Go will be assessed by observing the time
while a patient rises from an arm chair, walks 3 m, turns,
walks back and sits down again. The test is contraindicated when the patient is (temporarily) bed or chair
bound.
Handgrip strength test
Handgrip strength will be assessed with a hydraulic,
analogue hand size adjusted dynamometer (Jamar,
Jackson, Michigan, USA). The patient is seated in a chair
without armrest with the elbow flexed in a 90° angle
position. Both hands will perform three measurements
with ±30 s rest between measurements. The maximum
strength effort in kilogram will be used for analysis.
Contraindications for performing the test are a coronary
artery bypass grafting within the past 2 weeks or a coronary angiography within the past 48 hours.

Patients’ competencies for self-management
Patients’ competencies for self-
management of their
health will be assessed using the 13-Item Patient Activation Measure. This 13-item questionnaire is validated
in the Dutch language and results in a theoretical score
ranging from 0 (poor) to 100 (better).20

Patient characteristics and clinical outcomes
Patient characteristics (eg, age, sex, medical history and
index diagnosis) and process evaluation data (eg, delivered CR modules and number of attended physiotherapy
sessions) will be derived from the electronic patient
file. Additionally, we will assess socioeconomic status
and ethnicity and verify whether patients are generally
using a smartwatch and/or any activity tracker to count
their daily steps. Incidence of clinical outcomes such as
all-cause mortality, cardiovascular mortality, rehospitalisation and recurrence of acute coronary events will be
evaluated by checking the electronic patient files and/
or by consulting the Dutch Population Register during 5
years of follow-up.

Self-reported SB and physical activity
To understand different SB and physical activity settings,
we added the Sedentary Behaviour Questionnaire
(SBQ)21 and Short Questionnaire to Assess Health-
Enhancing Physical Activity (SQUASH).22 The SBQ
determines time spent sedentary in nine distinct everyday

Adherence of activity tracker
For patients in the intervention group, we will calculate the number of valid wear days of the activity tracker
(≥10 hours/day) to assess adherence, and we will evaluate
the course of SB throughout the intervention period (ie,
weekly average of sedentary time (hours/day) and the
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number of (prolonged) sitting bouts). This assessment
is additional to the objective SB and PA measurements
prior to, immediately after and 3 months after CR. This
way, we determine changes in SB throughout the intervention period. We will also monitor the number of SIT
LESS telephone coaching sessions and attended face-to-
face consultations.
Data management and accessibility
All data will be stored in the Digital Research Environment (DRE, m
 ydre.org), an online, cloud-based, globally
available research platform. The DRE facilitates users to
collaborate on research projects within the boundaries
of data management regulations (General Data Protection Regulation and Good Clinical Practice compliant)
in a flexible and safe way regarding security, Information
and Communication Technology (ICT) infrastructure
and audit trail. Standard software packages are available
for data handling and statistical analysis (eg, SPSS and
R Studio). In line with the Open Science initiative and
FAIR principles, SIT LESS data will be available for reuse
on reasonable request via the corresponding author.
Sample size
Sample size was calculated using Russ-
Lenth software
(JavaApplets for Power and Sample Size, 2016, Iowa,
USA). A power calculation was performed based on
detecting a difference in the CR-
related change in
objectively measured SB between the intervention and
control group. The sample size (N) was calculated with
a power of 80% (1−β=0.80) and a level of significance of
5% (α=0.05, two-tailed). Previous studies reported that
replacement of 0.5-hour/day sitting by LIPA is associated
with a 17% risk reduction of all-cause mortality,24 which
is feasible and clinically relevant for patients with CAD.
Using an SD of 70.7 min/day25 and an expected reduction of 0.5-hour/day sitting, a sample size of 90 patients
per arm is needed. Taking a dropout of 15% into consideration, we will include 212 patients in our study.
Statistical analysis
Statistical analyses will be performed using SPSS statistics V.25.0. Collected data will be checked for normality
of distribution (visually and using the Shapiro-
Wilk
test). Normally distributed continuous variables will be
presented as mean±SD and non-
normally variables as
median (IQR). Categorical variables will be expressed as
numerical values and percentages. Percentages will be
calculated on the number of non-missing observations.
In all cases the number of missing values will be specified. All statistical tests will be two-sided and p values of
<0.05 will be considered statistically significant.
Primary analyses will be performed on an intention-
to-treat basis. Descriptive statistics will be used to report
patient characteristics. Between-
group differences
and within-group differences in the primary outcome
measures will be evaluated using mixed model analyses using random intercepts. Time will be described as

categorical variable. Mixed model analyses are preferred
over repeated measures analysis of variance because
of their advantage in dealing with missing values. In
addition, we will identify patient and disease characteristics that are associated with changes in SB over time by
multivariate mixed model analyses. Finally, incidence of
clinical outcomes (ie, all-cause mortality, cardiovascular
mortality, rehospitalisation and recurrence of acute
coronary syndromes) during follow-up will be compared
between the intervention and control groups using
Kaplan-Meier and Cox proportional hazard analyses.
DISCUSSION
The SIT LESS trial examines the effect of a 12-week,
hybrid and personalised behaviour change intervention on SB in patients with CAD participating in CR. We
developed a multidisciplinary intervention programme
that will be offered alongside usual care CR. Contemporary CR offers the infrastructure to easily incorporate
SIT LESS and our intervention fits in perfectly with
the holistic approach to promote a healthy lifestyle in
patients with CAD across multiple domains (eg, improve
physical activity patterns, smoking cessation, stress reduction and weight reduction). Additionally, the preceding
cardiovascular event provides the momentum for lifestyle
changes, including targeting SB. In face-to-face, motivational interviewing consultations with nurse specialists,
patients set their personal SB goals and define a specific
plan to reach these goals. The SIT LESS intervention
also involves a commercially available activity tracker
that provides vibrotactile feedback on prolonged sitting
and is connected to a smartphone application and web-
based platform to monitor SB and to enable (remote)
coaching throughout the intervention programme. We
incorporated the staircase approach for our ‘sitting less
and moving more strategy’, to achieve more sustainable
improvements in movement patterns, especially in this
physically inactive, sedentary patient population.26 The
first step focuses on reducing and regularly interrupting
SB, followed by increasing LIPA throughout the day and
ultimately to increase MVPA. We hypothesise that the SIT
LESS intervention results in greater reductions in sedentary time compared with the control group, which may
ultimately translate into a better disease prognosis.
Previous studies show that most patients with CAD
maintain an unhealthy lifestyle, including SB, despite
comprehensive exercise-
based CR programmes.5
Although many (e-Health) initiatives arose to improve
physical activity in patients with CAD, they reported
only small-to-medium, non-sustainable effects.27 The
COVID-19 pandemic accelerated the adoption of digital
health and wearables,28 but worldwide lockdowns further
increased SB levels in patients with CAD simultaneously.29 Cardiovascular health benefits can be obtained by
reducing total sedentary time, but also through interruption of SB.26 An effective strategy to reduce and regularly
interrupt SB within contemporary CR programmes
is currently lacking but has significant potential. This
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highlights the need for well-designed RCTs on SB-related
interventions.
Evidence-based behavioural change interventions are
strongly recommended for promoting a healthy lifestyle,
but implementation is often challenging.30 An important
strength of our study is the cumulative development of
SIT LESS with valuable input from the advisory boards,
using an intervention mapping adaptation framework to
adapt a self-management intervention that was previously
proven feasible and (cost-)effective.14 We transparently
describe all steps of the adaptation process and share the
full content of the SIT LESS manual in this manuscript,
which facilitates efficient adaptation of our intervention,
for example, to other patient populations in the future.
Furthermore, the effectiveness of SIT LESS will be tested
in a real-world clinical practice, minimising the translational step. Another strength is the objective assessment
of SB, making our approach more reliable than self-
reported questionnaires to assess SB.31
Limitations
This study also has some limitations. Due to the nature
of the intervention, the investigator, nurse specialists and
patients are not blinded for the treatment. Nevertheless, our primary outcome is an ambulant and objective
measurement, conducted at the patient’s home environment, without interference of research team members.
Another limitation is that this study is not designed
(and as such not powered) to investigate the relation
of SB and the incidence of clinical outcomes. If SIT
LESS effectively reduces SB in patients with CAD, larger
RCTs are warranted to investigate the impact on clinical
outcomes and assess cost-effectiveness. Because SIT LESS
is embedded in regular CR, the intervention is provided
by the same nurse specialists as the control condition
(regular CR). Therefore, contamination related to
patient education about the health benefits of sitting less
cannot be excluded. This may lead to underestimation
of the effectiveness of SIT LESS. Conducting this trial in
real-world clinical practice significantly increases the likelihood of future successful implementation on a larger
scale.
CONCLUSION
The SIT LESS RCT is the first study with a primary
focus on reducing and interrupting sedentary time in
patients with CAD during CR. The results of this study
will provide important insights in the effects of a 12-week,
hybrid and personalised behaviour change intervention
on objectively measured SB. Beyond its impact on time
spent sedentary, we will also explore its effect on physical
activity levels, quality of life, cardiovascular risk factors
and future clinical outcomes. Limitations of this trial
include that investigators and patients are not blinded
for the treatment due to the nature of the intervention
and that this study is not powered to investigate the relation of SB and secondary outcomes. Nevertheless, when
confirming our hypothesis, SIT LESS will have major
10

impact on the content and effectiveness of future CR
programmes for patients with CAD.
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Literature review to identify determinants of physical activity and sedentary behaviour
To identify the most important determinants of physical activity and sedentary behaviour in coronary
artery disease patients a systematic literature review was conducted. On 31-07-2019, the following
search string was used to identify eligible studies in the PubMed/MEDLINE, PsycINFO and EMBASE
databases:
((myocardial infarction or ST elevation myocardial infarction or non ST elevation myocardial infarction
or acute coronary syndrome or ischemic heart disease or ischaemic heart disease or coronary artery
disease) and (sedentary behavior or sedentary behaviour or sedentary lifestyle or sedentary time or
sitting time or sitting behaviour or sitting behavior or inactivity or inactive or inactive lifestyle) and
(determinant* or barrier* or facilitator* or facilitating factor or belief* or skill* or intention* or selfefficacy or attitude or risk perception or social influence or social norm)).af (all fields)
Articles were included if adults (≥18 years old) with coronary artery disease or cardiovascular risk
factors were studied, including at least one psychological determinant (e.g. self-efficacy, beliefs,
motivation) in relation to physical activity and / or sedentary behaviour. We only included articles
published in English and available as full-text. For efficiency purposes, we first selected review articles
that covered previously published quantitative studies. Subsequently, qualitative articles were examined
for in-depth understanding of beliefs, barriers and facilitators towards physical activity and sedentary
behaviour. Therefore, the following search string was used to identify qualitative studies in the
PubMed/MEDLINE, PsycINFO and EMBASE databases on 21-01-2020:
((cardiac rehab* or myocardial infarction or ST elevation myocardial infarction or non ST elevation
myocardial infarction or acute coronary syndrome or ischemic heart disease or ischaemic heart disease
or coronary artery disease) and (sedentary behavior* or sedentary behaviour* or sedentary lifestyle or
sedentary time or sitting time or sitting behaviour or sitting behavior or inactivity or inactive or inactive
lifestyle) and (determinant* or barrier* or facilitator* or facilitating factor or belief* or skill* or
intention* or self-efficacy or attitude or risk perception or social influence or social norm) and
(qualitative or focusgroup* or interview*)).af (all fields)
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After achieving saturation regarding determinants no further articles were processed. The results of the
literature review are summarised in the Supplemental Table S1 below.

3

van Bakel BMA, et al. BMJ Open Sp Ex Med 2022; 8:e001364. doi: 10.1136/bmjsem-2022-001364

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

BMJ Open Sp Ex Med

Supplemental Table S1. Determinants of physical activity and sedentary behaviour
Reference number:
Type^
Determinants

Effect*

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

R

R

R

R

R

R

R

R

R

B

B

C

C

C

C

C

C

C

C

C

Q

Q

Q

Q

Q

Q

Q

Q

Q

x

x

Quotes#

A. Sociodemographic characteristics
Low education level

-

x

Low socioeconomic status

-

x

Health literacy

+

Older age

-

Greater household size

+

Depression

-

4, 5, 6

Psychological wellbeing

+

7, 8

Smoking

-

Poor health status

-

9

Physician counselling

+

1, 2

Social norms

-

3, 4

Family responsibilities

-

x
x

x

x
x

1, 2, 3

x

x

x
x

x

x

x

x
x

x

x
x

x
x

x

B. Subjective norm
x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

C. Attitude / behavioural intention
Lack of interest / motivation

-

Pleasure

+

1, 2, 3, 4, 5, 6

x
x

x

x

x

x

x

x
x
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Expected functional gains

+

Long term health benefits

+

Risk awareness

+

Lifelong active lifestyle

+

Comorbidities

-

Competing demands

-

Acceptance being sedentary

-

12

Low self-efficacy

-

13, 14

Feelings of embarrassment

-

BMJ Open Sp Ex Med

x
x

x

x

x
x
x

7, 8, 9, 10, 11

x

x

x

x

x
x
x

x

x

x

x

x

x

x
x

x
x

D. Self-regulatory processes
Lack of self-discipline

-

x

(Self-)monitoring tools

+

1

Goal setting

+

2, 3

Regular contact / reminders

+

x

Written exercise prescription

+

x

Regular prompting

+

Information by physician

+

Social support

+

Access to facilities

+

x

Tailored counselling

+

x

x

x

x

x

x
x

x

x

x

x
x

x

E. Facilitating factors

x

x

x
1, 2, 3

x

x

x

x
x
x

x

x

x

x

x

x

x

x

x

x

x

x
x
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Use of monitoring devices

+

x

Health maintenance

+

4, 5, 6

Positive role model

+

7

Concerns functional capacity

-

1, 2

x

Competing demands

-

3

x

Work-related barriers

-

4

x
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x

x
x

x

x

x

x

x

F. Intrapersonal barriers
x

x

x
x

x

x

x
x

x

x

x

x

x
x

x

x

G. Interpersonal barriers
Social obligations

-

x

H. Environmental barriers
Inclement weather

-

Distance to exercise facility

-

Remote controllers / elevators

-

1

x
x

x

x

x

x

x

x

x
x

x

I. Knowledge
Lack of knowledge

-

1, 2, 3, 4

x

x

x

x

^Study type: C: cohort study; Q: qualitative study; R: review.
*: effect of determinant: positive (+) = increase physical activity / reduce sedentary behaviour; negative (–) = decrease physical activity / increase sedentary behaviour.
#: quotes from qualitative articles:
A1. “Exercise is just too much for an older person”21
A2. “Exercise at my age. . . . I mean I’ll be 81 and I’m in pretty good shape and I’m not gonna change and do something that might mess things up”21
A3. “[I don’t exercise] because of my old age”21
A4. “It’s not the physical side that stopped me from getting up and walking around the block, it’s more the mental side of things”22
A5. “When I am feeling down, I can hardly even get myself out of bed, let alone do exercise”.22
A6. “I’ve gone through a divorce and it really affected me. I went through a phase where I said I don’t have to do it anymore and I just stopped. So I did the opposite. I just stopped being
motivated to be active. I just sat.”27
A7. “Exercise was like a therapy for your mind and body”22
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A8. “Exercise makes you feel good within yourself and gives you a mental uplift”22
A9. “I have a lot of other health issues I have to deal with before I think about my sitting time”27
B1. “Well, I think exercising is very important because my doctor has absolutely insisted and he was the one who got me started here and I’m still doing it three times a week.”21
B2. “The time I spent at the [cardiac] rehab was fabulous because we had people there who were checking how we were feeling and our levels”22
B3. “I think it wasn’t the ‘thing’ to do when I was younger, which is a long time ago”21
B4. “So, this week, one day I was standing and watching TV…. I did it for half an hour, and then afterwards, I sat down again. My wife found it strange. She was uncomfortable and found it
strange so I did that for only one day and after that I didn’t do it again”27
C1. “I just don’t feel like it, I can’t be bothered”22
C2. “I find it all a waste of time, jogging about in the gym”23
C3. “Exercise is just never, never a thing in front of my mind. I guess because I was always so active”21
C4. “I ought to exercise but I don’t want to”21
C5. “I know it is good for me and I should be doing it. I should, but I don’t”21
C6. “I guess I am too lazy to exercise”21
C7. “Arthritis is one reason I don’t exercise”21
C8. “Right now I don’t have the lung capacity to swim. I really can’t do it anymore” 21
C9. “Doing exercise to me is something painful”21
C10. “My back bothers me real bad when I try to walk. I get short of breath”21
C11. “My legs will bother me. It’s just too painful.”21
C12. “I read up to 2:00 AM sometimes. I know it’s bad for me but it’s what I enjoy and nor do I think I would want to change it.”27
C13. “I thought I was on the downward slide after having my heart attack and thinking like this made it harder to exercise”22
C14. “It was a bit of a shock when I had this heart attack. I really thought I was bullet-proof. I realise I’m not, and this has slowed me down. Up until the heart attack I felt quite fit, but since then
I feel older and slower”22
D1. Using a self-monitoring tool for developing awareness of how sedentary their lifestyle was: “I really liked being able to see what I had done. And I can say, not exercising at all is a condition
of extreme unconsciousness. And so, it just brings some form of exercise into consciousness. To be able to see how little or how much I did and how was I feeling and why did those things occur
and how did I feel about it. It was just an awesome wakeup.”25
D2. “It’s important to always have goals in front of you”22
D3. “The journal I’m doing as part of the program has helped a lot. I can see how I’ve improved, and how I can improve more”27
E1. “Without my wife’s support to exercise, there is no way I would’ve got to the level I am now”22
E2. “My wife comes out 2 or 3 times per week, so she’s been very supportive that way”22
E3. “Being part of something like this program and going through something together in a group like we do at the moment in rehab would be really helpful”27
E4. “I don’t want another stroke. I am willing to follow any advice that will make me healthy”27
E5. “It helps me maintain my body, myself . . . because I like living and exercise is part of maintaining and being able to be productive”21
E6. “I want to enjoy watching my grandsons grow up”22
E7. “I met this guy at rehab who had not exercised much in the past, but had started, little by little, and now exercises every day. I thought, “if he can do it, surely I can too”22
F1. “You don’t have the same stamina and the same reserves within your body. Your energies are all totally depleted after heart surgery”22
F2. “Some of my sitting time is moving from pain to less pain. With the heat and the medications, I don’t think you can do much”27
F3. “By the time I got in from work, by the time I cooked supper and did the chores I had to do, there wouldn’t be any time left”21
F4. “I wouldn’t consider it [reducing sedentary behavior at work]. I don’t know where to incorporate it at work. I can’t be on my computer and walk at the same time and give it the same degree
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of focus”27
H1. “Weather’s a big thing, if it’s cold and wet no one wants to go out and do exercise”22
I1. “I just don’t know how much I can do now, especially when I get out of breath. But I am not sure I get anything from my walks if I don’t get out of breath”22
I2. “I can walk very slowly for a fair distance, but that’s not much good”22
I3. “What benefit can I get out of it?”22
I4. “If you could demonstrate to me what would happen if I reduced my sitting time and what the health benefits were, that would motivate me”27
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SIT LESS programme –
Intervention manual
1. Introduction: sedentary behaviour as a risk factor for
cardiovascular disease
AIM:

Introduce prolonged sitting as a risk factor for the progression of cardiovascular
disease and inform the patient about the facilitating role of cardiac rehabilitation in
targeting risk factors. Patient understands prolonged sitting as one of the risk factors
for cardiovascular disease and knows that this is the point of attention of this
additional part of cardiac rehabilitation.

CONTENT:

In this step, knowledge about risk factors of cardiovascular disease is identified,
misconceptions are addressed and prolonged sitting as a point of attention of this part
with the aid of visual material is introduced.

A. Risk factors
Recently, you were diagnosed with heart problems. You possible underwent surgery and/or got
medicines to treat your condition. Besides good medical care, a healthy lifestyle can help to lower the
chance of new heart problems. Factors that increase the chance of developing new heart problems or
early mortality are called risk factors: [show the patient the Figure below]
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cardiovascular diseases via xxx]
5. Enforce the mentioned effects [Indeed, prolonged sitting increases the risk of developing
cardiovascular diseases substantially]
6. Ask the patient what he/she thinks about that [How do you feel about that? What does that mean
to you?]
B. Cardiac Rehabilitation
Cardiac rehabilitation assists you with recovering after your cardiovascular event, improving your
condition and getting confidence in your own body again. We work together on a healthier lifestyle
where we try to decrease the possible risk factors as much as possible. That is why cardiac
rehabilitation consists of different components. Ultimately, it is a program tailored to the individual.
Every person is unique!
In this specific part within the cardiac rehabilitation, we focus on an important risk factor: prolonged
sitting.
May I tell you something about that?
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2. Prognosis cardiovascular disease in relation to sedentary
behaviour
AIM:

The patient understands the role of sitting less in relation to cardiovascular diseases.
The patient is aware of the benefits of sitting less and interrupting sitting. The patient
does also understand the benefits of more physical activity. There are no
misconceptions anymore.

CONTENT:

In this step, the knowledge about much and prolonged sitting and the consequences
on health are discussed. Misconceptions are addressed and complex concepts are
shown in a simple visual way. The benefits of sitting less and interruption of prolonged
sitting are clear. By discussing the relation between the daily amount of physical
activity and health, the whole physical activity spectrum is addressed. Sitting less +
more physical activity (instead) leads to maximal health benefits.

A. Sedentary behaviour
What do we mean by sedentary behaviour? Sedentary behaviour consists of activities with a low
energy expenditure while sitting or lying. We sit more than we think and are mostly unaware of that,
see the Figure below:
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C. Sitting less and regularly stand up improves health!
So, sitting less has beneficial effects on your health. By breaking up sitting regularly, at least every 30
minutes, and standing for a moment, stretching the legs or walk you get moving and lower the total
sedentary time. Not only by reducing the total sedentary time, but also by standing up more often and
breaking up sitting you can improve your health! How that works can be see in the Figure below. Shall
we have a look at it together?
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Explanation by the Figure S2-2C above:
Let’s have a look at the left side first. Here you can see [point out] the total sitting hours a day from left
to right. The hours per day vary from very high (more than 12 hours a day) to very little (less than 6
hours a day). From below to the top the health level is depicted. The higher on the graph, the better
your health. Particilarly when you are in the risk zone at the moment (sitting 10 hours per day or more),
you can improve your health substantially by reducing daily sedentary time with 1 hour. That is why
the graph has the shape of a bow; the largest improvements to your health find place when u sit very
much and you are amble to lower this. The risk of new health problems like a new infarct, but also other
conditions such as diabetes mellitus reduce substantially! The largest health benefits can be achieved
when your daily sedentary time is high at the moment. When you are able to reduce the daily sitting
time, the chance is larger that you will live longer and healthier. Ask the patient how he thinks about
that: [What does this mean to you for you daily life?]
When we look at the figure on the right side, you see the amount of continuous sitting hours per session
from left to right [point out]. From below to the top, health is shown again. When you continuously sit
more than 1 hour, you come in the risk zone as you can see. When you can limit continuous sitting bouts
to maximal 1 hour, you improve your health. When you are able to stand up every half our, walk a bit,
take the stairs, you come in the safe, green zone and you get the largest health benefits.

D. More physical activity improves health!
Besides sitting less, you can improve your health by regular physical activity. It is advised to be
physicialy active for at least 150 minutes a week, so for example 30 minutes of activity 5 times a week.
These activities do of course also include for example walking and cycling! Especially when you are
inactiv at the moment, you can improve your health by exercising regularly. Let’s have a look at the
Figure below to see the effects of physicial activity on health.
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Check is the patient understands all the new information correctly, correct possible misconceptions
and enforce correct ideas. Let the patient activly process the information in a short discussion:
-

-

-

Recalling what we just discussed:
o What do you think of this information?
o What are ways to improve health?
Answers: 1) sitting less 2) break up long sitting bouts by standing up more regularly
and 3) more physical activity. When the patients is able to combine these 3 points
(sitting less AND breaking up sitting time more often AND more physicial activity), this
can lead to maximal health benefits!
What may be health benefits of sitting less/more physical activity on the short and long term?
Answer: the chance of a longer and healhier life increases, the risk of health problems reduces
(for example: a new heart infarction, other conditions like diabetes mellitus).
What are personal reasons for you to improve health?
Example answers: I can lose weight, I will feel better, I can bring my grandchildren to school by
bike.

It is important to get insight into personal reasons and possible concerns regardings sitting less to
achieve health benefits. We would like to help you. Do you want to hear more about that?

15

van Bakel BMA, et al. BMJ Open Sp Ex Med 2022; 8:e001364. doi: 10.1136/bmjsem-2022-001364

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

BMJ Open Sp Ex Med

3. Reasons and concerns regarding sitting less

AIM:

Discuss the motivation to reduce sedentary time and go through advantages and
disadvantages that are often named, added to reasons and concerns of the patient.
Enforce identified advantages and (if inaccurate) correct identified disadvantages. New
advantages are introduced.

CONTENT:

In this step, the advantages of sitting less are discussed and possible concerns and
doubts are addressed. Misconceptions are corrected.

A. Reasons to sit less
When we recall the mentioned advantages of sitting less, what is the most important reasons for you
to sit less? [start a conversation based on the answer of the patient]
[if the patient has difficulties with mentioning a reason]: When you are okay with it, we can look a list
of answers that other patients gave and you can mention if you recognize yourself in their points:
By reducing the daily sedentary time/break up sitting:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

11.
12.
13.
14.
15.

I reduce the risk of a new heart infarction in the future
I feel fitter
I have more energy
I can walk/cycle further
I reduce the burden of stiffness/joint problems
I stay mobile for a longer time
I reduce the risk of early mortality
I experience less stress
I can bring my grandchildren to school/sports
I care for a beneficial effect on my:
a. Blood pressure
b. Weight
c. Cholesterol
d. Blood sugar level
e. Blood vessels
I feel myself better mentally
I stay able to take care of my partner
I can bet here for my partner / children / grandchildren in the future
I stay independent as long as possible
Other, namely …

16

van Bakel BMA, et al. BMJ Open Sp Ex Med 2022; 8:e001364. doi: 10.1136/bmjsem-2022-001364

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

BMJ Open Sp Ex Med

B. Concerns regarding sitting less
What are personal possible disadvantages or concerns regarding sitting less? [start a conversation
based on the answer of the patient]
[if the patient has difficulties with mentioning concerns]: When you are okay with it, we can look a list
of answers that other patients gave and you can mention if you recognize yourself in their points:
I have concerns about sitting less or there are obstacles that needs to be overcome because:
1. I am concerned if my heart is able to manage
2. I don’t know how to combine it with other obligations in my daily life (like seated work for
example)
3. I have a limited condition
4. I have less energy
5. I am easily tired
6. I don’t know how I can do it
7. I have other condition that limit me (like rheumatoid arthritis, joint degeneration, varix)
8. I cannot stand or move for a long term.
9. I am afraid that my daily life is interrupted by it (for example watching television sitting on the
couch or chair)
10. I don’t experience direct health benefits of reducing my sedentary time
11. I don’t see the point of sitting less
12. I perform physical activity regularly and don’t believe that sitting less has additional benefits*
13. Other, namely …
*Add 12. When this concern is mentioned by the patient: exercise cannot fully compensate for the
disadvantages of prolonged sitting on health. That means both are important for your health.

We have now discussed the advantages and possible obstacles surrounding sitting less that are
applicalbe in you personal situation.
Do you have the feeling that the advantages to lower your sedentary time and perform more physical
activity outweigh your concerns and disadvantages?
Shall we have a look how you can lower your sedentary time?
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4. Goal setting daily sedentary time
AIM:

Go through the different scenarios of daily sitting time and the set goal. The patient
selects a scenario and motivates why this scenario suits him/her. Thereafter, the
reason for choosing this scenario is discussed whereby language of change is provoked.
Motivating reasons are enforced, while reasons why the goal may not be reached are
further explored.

CONTENT:

In this step, the daily sedentary time goal is set. Based on the selected scenario, the
patient is asked why he/she did not raise the bar higher (disadvantages of sitting less
are mentioned) and subsequently why the bar is not set lower (advantages of sitting
less are mentioned and language of change is provoked).

A. Scenario selection + goal setting
You will receive the activity tracker (Activ8 sit tracker) for the upcoming 12 weeks. This tracker
registrates not only how long you sit, stand or walk, but gives also a buzz signal in case an uninterrupted
sitting bout of more than 30 minutes is detected to remind you to stand up. By using the Activ8 sit
tracker, you will get a clear overview of your daily sedentary time.
Below, you can see 4 different graphs (Figure 4A). These are the 4 different examples of heart patients
in which we measured sitting time using the Activ8 sit tracker.
You can see the different days of 1 month from left to right. The grey dots represent weekend days.
The total sitting hours per day can be seen from the bottom to the top. The blue line shows the sitting
goal that was set togheter with the patient. The orange bars [point out] represent the days that the
total sedentary time was higher than the goal. The green bars [point out] represent the days that the
total sedentary time was lower than the goal.
When we look at the 4 graphs, you can see a person that reaches the goal every day in graph A [point
out]; all the bars are green. In graph B [point out], you see a person who does not reach the goal 1 or
2 days a week, but who sits less than the goal for most of the time; almost all the bars are green. In
graph C [point out], you see a patient who sat more than the goal for most of the time, but reached
the goal at some days; almost all the bars are orange. In graph D, the patient does not reach the goal
all the days of the month; all bars are orange.
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Set a sedentary behaviour goal for the upcoming weeks in consultation with the patient
[When you look back at the graph below the section Sitting less and stand up more often improves
health!], what is your estimation regarding you total sedentary time a day and where do you want to
set the goal?
I set my sitting goal at maximal … hours per day the upcoming week.
[When the patient has difficulties with estimating his/her daily sitting time / setting the first goal]: The
average sitting time of a CVD patient is 10 hours a day [point out on the graphs below the heading
Sitting less and stand up more often improves health!]. That is why we set the goal 1 hour per day
lower. We will evaluate the goal during the next telephone consultation in 1 week. If needed, we will
adjust the goal dependent on the measured sitting time.
Scenario selection
When you look at the Figure S2-4A below, how would you like to see your sedentary behaviour report
displayed the upcoming month? Please choose between scenario A – B – C – D.
•

[Reflection after the choice] > You do you chose for scenario X and not scenario X+1?
(X=chosen scenario, X+1= 1 better than the chosen scenario, ask why not A when the patient
choose for B for example. If scenario A is chosen; may it be possible to lower the goal to further
reduce sitting time?)
[Get insight in the possible barriers for change and elaborate on the mentioned points]

•

[Reflection after the choice] > What makes it possible that you chose for scenario X instead of
for example scenario X-1? (X=chosen scenario, X-1= 1 worse than the chosen scenario, ask why
not C when the patient choose for B for example)
[Reasons for change are mentioned and enforced]
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Different scenarios of daily sedentary time. Four different examples of sedentary behaviour monitoring reports derived from the activity tracker. On the Xaxis, the days of 1 month are shown. The grey dots represent weekend days. On the Y-axis, the total sitting hours per day are shown, whereas the blue line
represents the sitting goal that is set. In case the sedentary time was higher compared to the goal, the representing bar is orange, and in case the sedentary
time was lower than the goal, the representing bar is green. In panel A, all the bars are green, representing a patient that reaches the goal every day. In panel
B, almost all bars are green, meaning that this patient generally achieves the goal, except for 1 or 2 days per week. In panel C, almost all bars are orange,
which indicates that sedentary time was higher than the goal most of the days during this month and only achieves the goal for a couple of days. In panel D,
the patient is not able to reach the sitting goal all days of the month.
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5. Define a plan to achieve goals, discuss difficult situations and
possible solutions

AIM:

Make a concrete plan to lower daily sitting time and to break up sitting every 30
minutes. We discuss specific, personal situations with the patient and anticipate on
foreseen problems by thinking about possible solutions. This is done to improve the
chance that the patient is able to reach the goal.

CONTENT:

In this step, a concrete and specific plan is made to sit less and break up sitting more
often. Possible problems are address and possible solutions are considered.

A. Possibilities, difficult situations and solutions to sit less
In the previous step, we set a first goal regarding maximal daily sitting time. It helps to make a plan
how to reach that goal on forehand. The chance of success is larger with a clear plan.
Identify:
o
o

What can you do to reach the goal and sit less?
What do you need for that? [use the scheme below]

Possibilities to sit less in your daily life to reach the goal:
1. ………………………………………………………….………………………………………………………….
………………………………………………………….………………………………………………………….
2. ………………………………………………………….………………………………………………………….
………………………………………………………….………………………………………………………….
3. ………………………………………………………….………………………………………………………….
………………………………………………………….………………………………………………………….
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By thinking about possible obstacles when executing the plan, we can discuss solutions to succeed in
lowering sedentary time in those difficult situations.

Are there possible obstacles that may arise when lowering your sitting time on forehand? What may
help you to reach your goal in those situations? [use the scheme below]
Possible obstacle:

Solution:

1. ………………………………………………………….

………………………………………………………….

………………………………………………………….

………………………………………………………….

2. ………………………………………………………….

………………………………………………………….

………………………………………………………….

………………………………………………………….

3. ………………………………………………………….

………………………………………………………….

………………………………………………………….

………………………………………………………….

[When the patient has difficulties with mentioning difficult situations to reach the sitting less goal
him/herself]: When you are okay with it, we can have a look at a list with experiences of other patients.
You can mention is the obstacle and corresponding solution might also apply to you or maybe you
come to new insights yourself:
Other patients had difficulties with sitting less in the following situations. Do you recognize yourself in
one of those situations? [When an obstacle is identified:] What would be a possible salutation for you
in this situation? [When the patient has difficulties with mentioning possible solutions him/herself,
discuss than the example solutions that are based on experiences of other patients. See below]:
•

I find it difficult to lower sedentary time when watching television
Possible solutions:
o [solution of the patient] ……………………………………………………………
o Watch television when standing during short programs such as the news
o Pause the tv program / movie every 30 minutes to stretch the legs
o Stand up, stretch the legs and/or walk during every commercial break

•

I am not able to lower sedentary time with bad weather
Possible solutions:
o [solution of the patient] ……………………………………………………………
o Search for physical activity possibilities inside:
 Walk up and down the stairs
 Take the stairs instead of the elevator
 Go to the toilet on another floor
23
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Do activities inside such as:
 Cleaning
 Cooking
 Do home repairs
 Exercise (home trainer, yoga, [other])
Take an umbrella and wear suitable outerwear

•

It is difficult to lower my sedentary time during work, because I have a seated job.
Possible solutions:
o [solution patient] ……………………………………………………………
o Go for a walk during the coffee or lunchbreak (take coffee / tea in a thermos)
o Do not let colleagues bring you coffee / tea, but get coffee / tea yourself
o Place the bin behind the corner
o Have a look at the possibilities of work that can be done while standing (standing desk,
standing / walking meetings) and discuss it (when possible) with colleagues and
managers.

•

I forget to sit less sometimes
Possible solutions:
o [Solution of the patient] ……………………………………………………………
o Ask your partner / close friends / family to remember and encourage you to sit less
o Couple it to a daily routine:
 Before I brush my teeth, I walk through the house
 When I come home, I go for a walk first
 After supper, I go for a walk first
 When I set my alarm for the next day, I think about moments to move during
the next day

•

When I travel by bus/train, it is difficult to sit less
Possible solutions:
o [solution of the patient] ……………………………………………………………
o Stand up (regularly) when traveling by bus / train
o Walk a bit before going by train / bus / taxi (instead of sitting on a bench)
o Get out of the bus one stop earlier and walk the last part to your destination

•

I read the newspaper while sitting for 1,5 hours at the beginning of the day
Possible solutions:
o [Solution of the patient] ……………………………………………………………
o Read the newspaper while standing (use a table riser or kitchen counter for example)
o Spread reading the newspaper over the day; for example, in the morning and evening
half an hour.

•

I feel tired / don’t feel like sitting less sometimes
Possible solutions:
o [solution of the patient] ……………………………………………………………
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Take small steps: for example, 3x 10 minutes of walking instead of 1x 30 minutes
Search for ways that suit you, for example standing activities when walking is not
possible
Spread short physical activity moments over de day

Discuss if the solutions mentioned above may help the patient and if there are other solutions that
suit the personal situation of the patient.
B. A plan to sit less
Make a concrete plan to lower sedentary time together with the patient. Include foreseen problems
and possible corresponding solutions [when situation X occurs, I do Y].
I which situations are you able to break up sitting and lower the total sitting time? What are you going
to do in these situations? [Make use of the scheme below]:

When X occurs:

I perform Y:

1. ………………………………………………………….

………………………………………………………….

………………………………………………………….

………………………………………………………….

2. ………………………………………………………….

………………………………………………………….

………………………………………………………….

………………………………………………………….

3. ………………………………………………………….

………………………………………………………….

………………………………………………………….

………………………………………………………….

[When the patient has difficulties with making a concrete plan]: when you are okay with it, we have a
look at a list of examples how other patients have dealt with it. You can say if this plan may also work
for you or maybe this leads to inspiration for new plans:
1. When the Activ8 sit tracker buzzes, I stand up / walk up and down the stairs / walk to the
garden / other ………………………………………………………….
2. When I drive to my work / children / brother / sister / the grocery store / the gym /
other………., I park my car a bit further so I can walk the last part
3. When I finish breakfast, I stand up and go walking / cycling / go up and down the stairs /
other………………………………………………………….
4. When I am at work and sat for 30 minutes, I stand up / walk / get some coffee / make tea /
other ………………………………………………………….
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5. When I make a phone call, I stand up / walk / other ………………………………………………………….
while calling
6. When I watch television, I stand up during every commercial break / walk up and down the
stairs / walk / take something to drink / go to the toilet on another floor (when possible) / other
…………………………………………………..
7. When I get up / go to bed, I think about the moments that I can go for a walk / cycling /
other…………………………………………………………. This way, I introduce a small physical activity
moment every day

Now we have a clear plan, the chance is larger that you are able to reduce your sitting time in the
future. In the next step, we set your goal in the online environment of the Activ8 sit tracker and discuss
how you can reach that goal based on your plan. Shall we move on to the next part?
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6. Evaluate predefined goals and determine confidence in
achieving them

AIM:

Set a (new) goal in the online environment of the Activ8 sit tracker. Thereafter, we
discuss the confidence of the patient to reach the goal.

CONTENT:

In this step, the maximal daily sitting time goal is set. Thereafter, we define the
confidence of the patient to reach that goal using the defined plan. We discuss
potential barriers with the patient and enforce reasons for reaching the goal.

Maximal sitting time – goal for the next time
We have discussed prolonged sitting as a risk factor for cardiovascular disease and we talked about
reasons and potential obstacles when reducing sedentary time that apply to your personal situation.
You mentioned before that scenario [chosen scenario] suits you best. We have set your personal goal
at a maximal sitting time of … hours per day. I will set this goal in the online environment of the Activ8
sit tracker. You can see in the app on your phone if you reached your sit goal [set the goal in the online
environment of the Activ8 sit tracker]. Of course, we can adjust the goal during if needed during the
telephone consultation next week.
I want to ask you to note in which moments you are able or unable to reach the goal the upcoming
week. Note also what helped for you in these moments.

A. Confidence in the ability to accomplish the goal
How much confidence do you have to be able to reduce the daily sitting time to maximal [goal set]
hours/day on a scale ranging from 1 to 10?
1……..2……..3……..4……..5……..6……..7……..8……..9…...10

-

By high confidence (8 or higher):
Enforce/confirm (good to hear that you have a high confidence in succeeding!)
1. What makes it a 8/9/10?
2. Can you mention why you are able to lower the sitting time?

[Reasons for change are mentioned and enforced]
-

By an average confidence (6 or 7)
Give a reflection (good to hear that you have confidence in succeeding!)
Consider to ask the next questions:
27
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1. Can you mention what is needed to go from X to X+1? (X=current grade; x+1 = 1 grade
higher than X) [optional]
[Insight in possible barriers for change and elaborate futher on these points]
2. You gave yourself a X and not X-2, that is really good! Can you mention why you are able
to lower sedentary time? (X= current grade; X-2= 2 grades lower than X) [optional]
[Reasons for change are mentioned and enforced]
-

By low confidence (lower than 6)
1. Can you mention what is needed to get a sufficient grade?
[Insight into possible barriers for change and to eleborate on these points]
2. Option 1: [a new barrier is mentioned]
Go again through the step where obstacles are identified and possible solutions are
mentioned. After discussing a new plan; ask again to score the confidence.
Option 2: [the goal is too ambitious]
Set the goal a bit lower. It is okay to reduce sedentary behaviour with smaller steps.
Option 3: [patient makes a carefull estimation to protect him/herself for disapointment]
Accept and agree to see how it goes in practice. Emphasis that the goal can be adjusted
when desired.
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7. Monitoring sedentary behaviour – the Activ8 sit tracker

AIM:

Short introduction of the Activ8 sit tracker and smartphone application to the starting
patient

CONTENT:

In this step, monitoring of the daily sitting time is discussed. The functionalities of the
Activ8 sit tracker and smartphone application are explained. The supporting role of the
activity tracker to continue the intervention to reduce sedentary behaviour at home is
discussed. Telephone consultations throughout the intervention period are
announced.

A. Introduction of the activity tracker
You are going to use the Activ8 sit tracker the upcoming 12 weeks. The Activ8 sit tracker is worn in the
pocket of your jeans and registers if you are sitting, standing or walk. A buzz signal is given in case an
uninterrupted sitting bout of 30 minutes is detected. This signal reminds you to stand, walk or move
for at least 5 minutes. In situations where this is not possible, this function can temporally be paused
(for example in a traffic jam, during a meeting, at a funeral or in the cinema).
The Activ8 sit tracker is connected wireless to your mobile phone. When connected, you can see your
daily sitting and activity time on your smartphone. It is important to take the Activ8 sit tracker out of
your pocket when you are going to sleep. You can charge the Activ8 sit tracker by connecting the
tracker to a mobile adapter or to connect the tracker with a laptop/pc via the USB-connection. You will
receive a manual so that you have all the information to use the Activ8 sit tracker at home. If needed,
we are happy to assist you by telephone.
In the overview on your mobile phone, you can see your daily sitting time in the past week. You can
also see if you succeeded in reaching your goal. Besides data over your daily sitting time, you can also
see your average activity time. During the clinical visits, we will evaluate how it goes and you get
personal advice to improve your sedentary behaviour. Potential problems are identified and we will
search together for possible solutions. The personal goal can also be adjusted in consultation with you.
We will contact you by phone between the consultations to coach and guide you. If indicated, the goal
can be adjusted during the telephone consultations. That is why it is important to wear the Activ8 sit
tracker on a daily basis and to charge the tracker regularly (i.e. at least once per week). When you wear
clothes where it is impossible to wear the Activ8 sit tracker in the pocked, the tracker can be put in a
small bag or sock and attached to the inside of your trousers / skirts / dress with a safety pin.
Is it clear how the Activ8 sit tracker can assist you to lower your sitting time?
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8. Learning, problem solving and maintenance of behaviour change

AIM:

Evaluate sedentary behaviour over the past weeks/months and make concrete plans
for the upcoming period.

CONTENT:

In the follow-up session, the achievements are discussed, possible problems and
solutions are attended, goals may be adjusted and new plans are made for the
upcoming period.

A. Evaluation of sedentary behaviour report
• How did it go the last weeks? When were you able to sit less and what were difficult situations?
[enforce succes / overcoming difficult situations and discover reasons for less good
experiences]
• How did the use of the activ8 sit tracker go? Where there days that you were not able to wear
the activ8 sit tracker? How did you experience the buzz signal every 30 minutes?
• You set the goal at sitting maximal X hours/day and choose scenario X [show the graphs from
goal setting daily sedentary time] during the last consultation. Do you have the feeling that
you succeeded? Shall we have a look at your own results in the past weeks?

•

What do you think?
o Disappointing:
 Show empathy and focus on positive points
 See it as a learning experience and a chance to do it differently in the
upcoming period to keep the confidence and motivation.
o Goal is reached/better than expected:
 Enforce the result and compliment the patient with his/her efforts

B. Learning, problem solving and maintenance of behaviour change
[When the goal is not reached]:
• Identify patterns for not reaching the goal in the past weeks. Differences between week and
weekend days in reaching the goal? Specific days? Coincidence? [identify the cause]
• Did you experience obstacles when reaching your goal of sitting less in the past weeks? [fill
in] Take potentially the often heard problems/solutions of other patient from the part Define
a plan to achieve goals, discuss situations and possible solutions
• [When a possible problem is identified]: What might be future solutions for you to be able to
lower sedentary time in the upcoming weeks?
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Experienced obstacles:

Effective solutions:

1. ………………………………………………………….

………………………………………………………….

………………………………………………………….

………………………………………………………….

2. ………………………………………………………….

………………………………………………………….

………………………………………………………….

………………………………………………………….

3. ………………………………………………………….

………………………………………………………….

………………………………………………………….

………………………………………………………….

•
•

•
•

•

•
•

Make a concrete plan and formulate specific actions based on the experienced problems and
identified solutions [When situation X takes place, I perform Y].
How much confidence do you have in succeeding to lower you daily sitting time to maximal
[goal set] with the new plan on a scale ranging from 1 to 10?
1……..2……..3……..4……..5……..6……..7……..8……..9…...10
When the patients scores high (8 or higher): enforce and confirm this
When the patient scores lower (7 or lower): Ask why the confidence is not higher. What is
needed to increase the grade?
o Option 1: The goal is too ambitious
 Set the goal a bit lower. It is okay to lower the sedentary time in steps
o Option 2: New barriers are identified.
 Discuss the concrete plan based on the new barrier and add new solutions
o Option 3: patient makes a carefull estimation and does not want to be disappointed
again
 No specific problems to discuss
Set the new goal in the online activ8 sit tracker environment.
[If the goal is reached]:
Set a new goal: select again a maximal sit goal and according scenario based on the graphs in
the section Goal setting daily sedentary time.
How are you going to reach the new goal?
o Did you work a little harder than normally to reach the goal?
o Are you able to carry on with this behaviour?
o What do you need for that?
o How does this new behaviour become daily routine?
o Are there factors that can break this new good routine and how can you deal with
them? Use potentially the often named problems/solutions of other patients below
the section Define a plan to achieve goals, discuss situations and possible solutions
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Possible future obstacles:

Possible solutions:

1. ………………………………………………………….

………………………………………………………….

………………………………………………………….

………………………………………………………….

2. ………………………………………………………….

………………………………………………………….

………………………………………………………….

………………………………………………………….

3. ………………………………………………………….

………………………………………………………….

………………………………………………………….

………………………………………………………….

•
•

Make a new concrete plan focused on maintaining this new good behaviour
Agree that the patient continuous using the activ8 sit tracker until their current behaviour is a
routine

Closing
•
•
•

•

Ask the patient to note the reasons for not reaching the sitting goal, when the patient experiences
difficulties, and which solutions are found by the patient.
Sum up the conversation and ask the patient if everything is clear [activ8 sit tracker is set again,
concrete plan is made, goals and appointments are formulated.
Finish by informing the patient that the telephone consultation will take place once every two
weeks and ask the patient to contact the research theme when he/she experience problems
earlier.
An ActivPAL activity tracker is placed on the upper leg during the last SIT LESS intervention
consultation. After 1 week, the ActivPAL is removed from the upper leg by the patient and together
with the Activ8 sit tracker, the ActivPAL is send back by registered mail parcel.
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Supplemental file 3.
To:
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Conversation protocol telephone coaching

Step 1
Explain the aim and agenda of the telephone coaching at the start:
As discussed earlier, I call you because of your participation in the SIT LESS
study. This telephone consultation will last about 10 minutes. I like to
discuss your sedentary behaviour during the last couple of days and to
have a look at the results of the activity tracker together. Is that okay?
How did it go last week?
When did you succeed to sit less? What were difficult situations? How did
you experience the use of the pocket-worn activity tracker?
[Stimulate success / overcoming difficult situations / discover reasons for
less positive experiences / evaluate problems with activity tracker / have a
look at the online dashboard together]

Interim step
The patient was not able to use the activity tracker/to synchronize data: Discover the obstacle.
Do you have the device manual? If no: directly send the manual digitally.
- Problems with synchronizing to the mobile phone via Bluetooth: Talk the participants through the whole
synchronization process.
- Charging problems: Is the activity tracker connected to the laptop/PC or power network with the supplied
adapter? Do you use the micro-USB connector? Did you forget to charge the activity tracker recently?
- Problems when wearing the activity tracker: Search for solutions: in a small sock/pocket with a safety-pin
attached to clothing / leg bent / other. When forgotten: connect the use of the activity tracker to a daily
routine (brush your teeth, grab your phone, etc.)

Step 2a
Patient reaches the goal (most of the time).
I see in the graph that you succeeded to sit less
last week. You reached your goal X of the 7
days.
[Enforce: Well done! I can imagine that this is a
great step for you. You may even feel better
already]
Mention possible points for improvement and
discuss why the goal is not reached at certain
days.
When the goal is reached every day: Discuss
with the patient to lower the goal with 15-30
min/day. Ask if the patient is able to maintain
that behavior. How does it become a routine?
[see below]

Step 2b
Patient does NOT reach the goal (most of the time).
I see in the graph that it is difficult for you to sit less last week. Is
that correct? Did you experience obstacles when reaching your
goal? Try to find possible solutions together with the patient. How
did the days that you did not reach your goal differ from days that
you reached your goal? [The aim of this question is to come closer
to possibilities instead of holding on to impossibilities]. When the
patient has clear reasons for not reaching the goal and comes up
with a concrete plan for the upcoming weeks: Maintain the goal in
consultation with the patient or when the goal is too ambitious:
Increase the goal by 15-30 min/day. [see below].
When there is no clear reason: advise the patient to keep a list
and write down what works for him/her the upcoming week.
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Step 3a
Enforce behaviour of the patient that leads to
(carry on with) sitting less [this strengthens
the intern locus of control and motivates]:
Did you make changes in your daily planning to
reach the goal? [thereafter, make the choices
explicit]. For example: So you consciously
choose to stand up every half hour …. (standing
coffee break, walk around during TV
commercials) Apparently this works good for
you. Keep up the good work!

BMJ Open Sp Ex Med

Step 3b
Motivational interviewing
To sum up: When I understand it correctly, it was difficult for you to sit
less this week. This was mainly due to … where … may help you to still
reach your goal. It may also be possible that we choose a too ambitious
goal in the first place. It is up to you to try to reach the current goal of
maximum X hours of sitting per day or to set the bar lower [lower the
goal with 15-30 min per day]. I am curious what your decision will be.
When maintaining the goal: [Good to hear that you are trying again to
reach the goal. Well done! I am convinced that you will succeed with
the plan that we just discussed.]
When adjusting the goal: [Very wise to adjust your goal, the new goal
better fits your possibilities and we will reach your ultimate goal also with
smaller steps!]

Closing
Thank you for your time. Next week, we will call you again to discuss how you are doing, when does it suit you?
[plan the next telephone consultation]. It remains important to continue the use of the activity tracker,
regularly synchronize the data with the smartphone application (for example every evening) and charge the
activity tracker at least weekly.
You can see your results on your smartphone in the meantime if you want (via the app). This way, we can also
see how things go, from a distance.
Good luck!
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Supplemental Table S2. Data catalogue SIT LESS RCT

Category

Subcategory

Variables

General

Patient
characteristics

Age (years); sex (M/F); height (cm); weight (kg); BMI (kg/m2); country of origin; smoking
(yes/no, never/no, stopped. If yes or no, stopped: Packyears); Alcohol consumption (yes/no,
never/no, stopped. If yes or no, stopped: Glasses/week and number of years)

Index diagnosis and Hospital (Rijnstate, Arnhem/Bernhoven, Uden); Admission (date); primary diagnosis
(STEMI/NSTEMI/UAP/AP); specify coronary artery disease (proximal RCA/mid RCA/distal
treatment

RCA/RDP/LM/Proximal LAD/mid LAD/distal LAD/D1/D2/Proximal RCx/Intermediate
RCx/Mid RCx/MO2/MO3/RPL/Graft); intervention (PCI/CABG/medication), complications
hospitalisation (yes, specify/no), Medication at admission (ACE-inhibitor/ ARB/
acenocoumarol/ASA/beta-blocker/calcium-antagonist/clopidogrel/ Diuretics/DOAC/Entresto/
NSAID/Opioid/Paracetamol/Prasugrel/Proton-pump
inhibitor/PCSK9-inhibitor/Statin
/Ticagrelor/none/other relevant cardiovascular drugs); out-of-hospital cardiac arrest (no/yes. If
yes, duration and details); discharge (date)

Social economic
status and personal
life

Living environment (urban area/rural area/transition area); type of house (detached/semidetached/terraced house/corner house/apartment/sheltered home/other); marital status
(single/married or civil partnership/divorced or broken up/living together/widow or widower);
education (primary education/lower vocational education/secondary education/secondary
vocational education/higher secondary education/university); Paid job last year (yes/no. If yes:
average workdays per week (days); average work hours per week (h/week); type of work (mainly
sedentary/partly sedentary/partly light physical active/physical active, partly sedentary/physical
active/high intensity physical active). If no paid job: reason (pension/unemployed/household
tasks/informal care/volunteer work/health problems/other); Average monthly total net income
(<€1000/€1000-€2000/€2001-€3000/€3001-€4000/€4001-€5000/€5001-€6000/€6001€7000/€7001-€8000/€8001-€9000/€9001-€10000/>€10001); personal description of financial
situation (not sufficient/sometimes not sufficient/sufficient/comfortable); smartwatch (yes/no);
monitor amount of steps (yes/no); do you have a dog (yes/no. If yes: current dog is the first dog
(yes/no); since when do you have a dog (year); time of dog owner ship during your life (years);
When you don’t have a dog: Did you had a dog in the past (yes/no). If yes: until when did you
have a dog (year) and how many years did you have a dog during your life (year)); When the
person has a dog or lets the dog out from someone else: how many time do you let the dog out
(number/day and number/week); how long do you let the dog out (less dan 30 min per day/30
min per day – 1 h per day/1-2 hours per day/2-3 hours per day/>3 hours per day); where do you
let the dog out (neighbourhood/park or greening in or close to the neighbourhood/dog park in or
close to the neighbourhood/forest or nature reserve.

Medical history

Hypertension (yes/no/unknown); Diabetes Mellitus (yes/no/unknown); Family history of
cardiovascular diseases (yes/no/unknown. If yes, specify); Dyslipidaemia (yes/no/unknown);
Rheumatoid arthritis (yes/no/unknown); prior myocardial infarction (yes/no/unknown. If yes,
date); prior coronary artery disease (yes/no/unknown. If yes, specify coronary artery disease and
intervention); reduced left ventricular ejection fraction (yes/no/unknown. If yes, year of diagnosis
and classification: mildly reduced 40-50%/moderately reduced 30-40%/severely reduced <30%);
prior
resuscitation
(yes/no/unknown.
If
yes,
cause:
cardiac/pulmonary/brain
injury/intoxication/hypo- or hyperthermia/electrolyte disturbances/hypovolemia); heart valve
disease (yes/no/unknown. If yes, year of diagnosis and type of heart valve disease: aortic
valve/mitral valve/pulmonary valve/tricuspid valve); atrial fibrillation (yes/no/unknown. If yes,
type: paroxysmal/persistent/permanent); pacemaker implementation (yes/no/unknown); COPD
(yes/no/unknown. If yes, GOLD classification: I/II/III/IV/unknown); peripheral artery disease
(yes/no/unknown); neurological events (No/CVA/TIA); Depression (yes/no/unknown); kidney
failure (yes/no/unknown. If yes, CKD stage: G3a/G3b/G4/G5); malignancy diagnosed (no/yes,
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in the past 5 years/yes, but not in the past 5 years. If yes, kind of malignancy:
lung/breast/dermal/colon/blood/brain/stomach/oesophageal/other)

Primary,
secondary and
other
outcomes

Cardiac
rehabilitation

Blood samples

Date and time of lab results; haemoglobin (mmol/l); sodium (mmol/l); potassium (mmol/l); urea
(mmol/l); creatine (umol/l); eGFR (MDRD) (ml/min/1.73m2); ASAT (u/L); CRP (mg/L); peak
cardiac Troponin T/I (ng/L); peak creatine kinase (ng/L); LDL cholesterol (mmol/l); HDL
cholesterol (mmol/l); total cholesterol (mmol/l); triglycerides (mmol/l); leucocytes (*109/l);
thrombocytes (*109/l)

Objective outcome
measures

Total sedentary time (h/day); sitting bouts (number/day); average duration of sitting bouts
(h/day); sitting bouts <30 min (number/day); sitting bouts < 1 hour (number/day); sitting bouts >
1 hour (number/day); proportion of participants with a decrease in time spent sedentary of 30
min/day after CR (%); proportion of participants with a decrease in time spent sedentary of 60
min/day after CR (%); Total light-intensity physical activity (h/day); Total moderate-to-vigorous
intensity physical activity (h/day)

Subjective outcome
measures

Health-related quality of life (HeartQoL score); Patients’ competencies for self-management
(PAM score); Total sedentary time (h/day); Sedentary time during work (h/day); Sedentary time
during transportation (h/day); Sedentary time during leisure time (h/day); total physical activity
(h/day); physical activity during work (h/day); physical activity during transportation (h/day);
physical activity during household tasks (h/day); physical activity during leisure time (h/day)

Functional outcome
measures

Timed up&go (s); Handgrip strength test (kg)

Events

Mortality (yes/no. If yes: date); Cardiovascular mortality (yes/no. If yes: date); MACE (date,
details); rehospitalization (yes/no. If yes, type of event: myocardial infarction/heart
failure/atypical thoracic pain/(unstable) angina pectoris/non-cardiovascular; days), recurrence of
acute coronary events (if yes: STEMI/NSTEMI; revascularization: yes/no)

General

Start of CR (date); Physiotherapy sessions (yes/no. If yes: where: hospital/primary care. If in the
hospital: sessions (number), first session (date), last session (date)); Patient has fulfilled the CR
programme (yes/no); end of CR (date).

Medical

Medication at start and end of cardiac rehabilitation (ACE-inhibitor/ ARB/
acenocoumarol/ASA/beta-blocker/calcium-antagonist/clopidogrel/ Diuretics/DOAC/Entresto/
NSAID/Opioid/Paracetamol/Prasugrel/Proton-pump
inhibitor/PCSK9-inhibitor/Statin
/Ticagrelor/none/other relevant cardiovascular drugs); blood pressure baseline (mmHg); baseline
blood pressure measurement (day); blood pressure at follow-up (mmHg); follow-up blood
pressure measurement (day); smoking at follow-up (yes/no, never/no, stopped. If yes or no,
stopped: Packyears); cardiovascular risk score at baseline (SMART score); cardiovascular risk
score at follow-up (SMART score); blood samples (haemoglobin (mmol/l); leucocytes (*109/l);
thrombocytes (*109/l); LDL cholesterol (mmol/l); HDL cholesterol (mmol/l); total cholesterol
(mmol/l); triglycerides (mmol/l))

Activity tracker
(intervention
group)

Average sedentary time per week (h/day); (prolonged) sitting bouts (number/day); valid wear
days (number)

BMI, Body mass index; STEMI, ST-Elevated Myocardial Infarction; NSTEMI, Non ST-Elevated Myocardial
Infarction; UAP, Unstable Angina Pectoris; AP, Angina Pectoris; RCA, Right Coronary Artery; RDP, Right
Posterior Descending Posterior; LM, Left Main; LAD, Left Anterior Descending; D, diagonal; RCx, Ramus
Circumflex; MO, Margo Obtusis; RPL, Right Posterolateral; PCI, percutaneous coronary intervention; CABG,
coronary artery bypass grafting; ACE-inhibitor, Angiotensin-converting enzyme inhibitor; ARB, Angiotensin
receptor blocker; ASA, acetylsalicyclic acid; DOAC, Direct oral anticoagulants; NSAID, non-steroidal antiinflammatory drug; PCSK9, proprotein convertase subtilisin/kexin type 9; COPD, chronic obstructive pulmonary
disease; GOLD, Global initiative for chronic Obstructive Lung Disease; CVA, Cerebro Vascular Accident; TIA,
Transient Ischemic Attack; CKD, Chronic kidney disease; eGFR, Glomerular Filtration Rate; MDRD,
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Modification of Diet in Renal Disease; ASAT, ASpartate AminoTransferase; CR, cardiac rehabilitation; CRP, Creactive protein; LDL, low-density lipoprotein; HDL, high-density lipoprotein); HeartQoL, Heart Quality of Life;
PAM, Patient Activation Measure; SBQ, sedentary behaviour questionnaire; SQUASH, Short Questionnaire to
Assess Health-enhancing physical activity; MACE, Major adverse Cardiovascular Event; SMART, Second
Manifestation of ARTerial disease.
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