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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.
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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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