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Abstract

Background A healthy lifestyle is indispensable for the prevention of noncommunicable diseases. However, lifestyle
medicine is hampered by time constraints and competing priorities of treating physicians. A dedicated lifestyle front
office (LFO) in secondary/tertiary care may provide an important contribution to optimize patient-centred lifestyle
care and connect to lifestyle initiatives from the community. The LOFIT study aims to gain insight into the (cost-)
effectiveness of the LFO.

Methods Two parallel pragmatic randomized controlled trials will be conducted for (cardio)vascular disorders (i.e.
(at risk of ) (cardio)vascular disease, diabetes) and musculoskeletal disorders (i.e. osteoarthritis, hip or knee prosthesis).
Patients from three outpatient clinics in the Netherlands will be invited to participate in the study. Inclusion criteria are
body mass index (BMI) >25 (kg/m?) and/or smoking. Participants will be randomly allocated to either the interven-
tion group or a usual care control group. In total, we aim to include 552 patients, 276 in each trial divided over both
treatment arms. Patients allocated to the intervention group will participate in a face-to-face motivational interview-
ing (M) coaching session with a so-called lifestyle broker. The patient will be supported and guided towards suitable
community-based lifestyle initiatives. A network communication platform will be used to communicate between the
lifestyle broker, patient, referred community-based lifestyle initiative and/or other relevant stakeholders (e.g. general
practitioner). The primary outcome measure is the adapted Fuster-BEWAT, a composite health risk and lifestyle score
consisting of resting systolic and diastolic blood pressure, objectively measured physical activity and sitting time, BM,
fruit and vegetable consumption and smoking behaviour. Secondary outcomes include cardiometabolic markers,
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12 months follow-up.

Randomized controlled trial

anthropometrics, health behaviours, psychological factors, patient-reported outcome measures (PROMs), cost-effec-
tiveness measures and a mixed-method process evaluation. Data collection will be conducted at baseline, 3, 6, 9 and

Discussion This study will gain insight into the (cost-)effectiveness of a novel care model in which patients under
treatment in secondary or tertiary care are referred to community-based lifestyle initiatives to change their lifestyle.

Trial registration ISRCTN ISRCTN13046877. Registered 21 April 2022.
Keywords Lifestyle, Lifestyle front office, Noncommunicable diseases, Delivery of health care, Health behaviour,

Background
Lifestyle-related health risks are rising rampantly. Physical
inactivity, sedentary behaviour, unhealthy diet, tobacco
use and harmful use of alcohol are highly prevalent in
modern society and are associated with overweight
and obesity, increased blood pressure, increased serum
cholesterol and ultimately the development of—avoid-
able—noncommunicable diseases (NCDs) [1, 2]. In the
Netherlands, 89% of all deaths are attributed to NCDs,
including cardiovascular disease (CVD), osteoarthritis
and diabetes mellitus type 2 (DM2) [3]. It is no surprise
that the Dutch annual direct health care costs are tremen-
dous for people with NCDs; i.e. €11.6 billion for CVD,
€1.4 billion for osteoarthritis and €1.6 billion for diabetes
in 2019 [4]. It is expected that this situation will worsen
in the coming decades, due to the ageing population and
the steady increase of the worldwide obesity pandemic [5,
6]. It should be noted that the financial figures mentioned
above do not include indirect costs, such as those due to
productivity losses, and are thus a large underestimation
of the actual societal cost of people with NCDs.
Guidelines advise healthcare professionals to encour-
age patients to eat healthier, be physically active regu-
larly, stop smoking and limit alcohol use in the treatment
of NCDs. Many interacting factors are associated with
healthy behaviour, for instance, socioeconomic status
including educational level [7]. One particularly impor-
tant factor is the patient’s motivation [8]. Patients’ fear of
disease progression and patients’ experiences of health
complaints in daily life create a window of opportunity
for the uptake of lifestyle changes by (re-)gaining some
form of self-control over a healthy lifestyle [9]. However,
health care professionals do not consistently use this
opportunity to motivate the patient and explore in-depth
options for lifestyle change. Reasons for this include com-
peting priorities, lack of skills and knowledge and time
constraints [10]. Another barrier is that doctors often do
not feel confident in advising the patient and discussing
lifestyle-related topics [11]. This fear of offending patients,
disrupting patient-doctor relationships, and not knowing
which patient is eligible for lifestyle counselling limit the

total amount of lifestyle advice given by medical special-
ists to their patients [12]. Finally, healthcare professionals
are often unaware of available lifestyle interventions and
community-based initiatives (e.g. locally) to help patients
change their lifestyle. This becomes more apparent in
(academic) hospitals with a large adherence area. Conse-
quently, integration of lifestyle medicine in daily clinical
practice is hampered, and referral by healthcare profes-
sionals to hospital or community-based lifestyle initiatives
is low, even though there are sufficient opportunities for
health promotion activities in the community [13, 14].

To overcome these barriers to providing lifestyle
advice lifestyle front office (LFO) in secondary/tertiary
care might enhance integration of lifestyle medicine
for patients living with NCDs. This LFO is a novel ele-
ment in the existing care pathway that patients in clinical
care follow. In a dedicated LFO, trained lifestyle brokers
build motivation for lifestyle change in dialogue with
the patient and refer patients to local community-based
lifestyle change initiatives. An LFO likely improves the
quality of clinical lifestyle care delivery because lifestyle
brokers have dedicated time and are both skilled and
qualified to deliver lifestyle counselling. Furthermore, the
visibility of an LFO is expected to create an in-hospital
sense of importance for a healthy lifestyle for both pro-
fessionals and patients.

This study aims to evaluate the effectiveness and cost-
effectiveness of an LFO in routine hospital care. It is
hypothesized that the LFO model of care will increase
the uptake of a healthy lifestyle, consequently reduce dis-
ease symptoms, medical complications and the amount
of prescribed medication and prevent the development
of (other) NCDs and thus lower healthcare and societal
costs in comparison to usual care [15].

Methods

Study design

This multicentre study consists of two separate, parallel
conducted, pragmatic randomized controlled trials
(RCT). One RCT for patients who live with or have a
high risk on (cardio) vascular disease and one RCT for
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patients who live with osteoarthritis or with a total hip
or knee prosthesis. Patients will be recruited from two
departments (Internal Medicine and Orthopedics) in
two large university medical centres (Amsterdam UMC,
UMC Groningen) and from one smaller rural hospital
in The Netherlands (Ommelander Ziekenhuis Groningen).
Measurements are taken at baseline and at 3, 6, 9 and
12 months follow-up. In total, we aim to include 552
patients across both RCTs. Figure 1 shows the trial sched-
ule according to the CONSORT template. The study was
approved by the respective ethical committees before the
start (VUmc Amsterdam: 2021.0712; UMC Groningen:
2022.182; OZG: 331819).

RECRUITMENT
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Participants

Patients with (an increased risk for) cardiovascular dis-
orders (i.e. cardiovascular disease, hypertension, high
cholesterol, diabetes mellitus I and II) or with muscu-
loskeletal disorders (i.e. osteoarthritis, total knee or hip
prosthesis) aged >18 years are eligible for inclusion. Fur-
ther inclusion criteria are (1) having a body mass index
(BMI) of > 25 kg/m? and/or (2) smoking. Patients will be
excluded if they are not able to walk at least 100 m safely
(e.g. wheelchair-bound), are pregnant, are cognitively
unable to comply with a healthy lifestyle intervention
referral or to complete study measurements or are not
able to communicate in the Dutch or English language.

Excluded

risk of) CVD))

LOFIT enroliment
Baseline measurement
(n= 276 est. (MD); n=276 est. ((at

- Not meeting inclusion criteria

|* Declined to participate

» Not willing or able to provide baseline

measurements (activPAL or questionnaire)

CVD

» Other reasons

Randomization

A 4 Y

Randomization

Y Y

Allocated Allocated Allocated Allocated
to intervention to control / usual to intervention to control / usual
(n=138) care (n= 138) (n=138) care (n=138)
Y Y
3 months 3 months
measurement measurement
Possible loss ¢ ) Possible loss
to follow-up to follow-up
6 months 6 months
measurement measurement
Possible loss ¢ > Possible loss
to follow-up to follow-up
9 months 9 months
measurement measurement
Possible loss ¢ ) Possible loss
to follow-up to follow-up
12 months FOLLOW-UP 12 months
measurement measurement
Analyzed Analyzed
ANALYSIS
(n=222 est.) [ } (n=222 est.)

Fig. 1 Trial schedule. Abbreviations: MD: musculoskeletal disorders; CVD: (cardio) vascular disorders
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Sample size and power calculation

The primary outcome of this study is a composite health
risk and lifestyle score (i.e. adapted Fuster-BEWAT score).
The numbers needed in each trial arm (80% power, 5%
significance, two-tailed alpha) were calculated assuming
a 20% drop-out. To detect a difference of 1.45 change in
the adapted Fuster-BEWAT score (with a standard devia-
tion of 3.79), 138 patients will be allocated to each arm
(thus a total of 276 patients per subtrial) [16, 17]. The two
randomized controlled trials (musculoskeletal and car-
diovascular) will be conducted in parallel. Therefore, the
LOFIT trial must include a total of 552 patients.

Recruitment and screening

Ongoing recruitment is planned between April 2022 and
March 2023. Health care professionals in the hospital will
be informed about the LFO and the study during regular
meetings, flyers, pocket cards with information about the
LFO and a website. Each participating department has a
spokesperson (i.e. a local champion) who is tasked with
bringing the LFO to the attention of his or her colleagues.
Attention for the LFO is also created by the lifestyle bro-
ker during multiple disciplinary consultation meetings.
Patients will be primarily informed about the study pur-
pose by their health care professional, but also through
flyers, narrowcasting in the waiting room and a website
(www.lofitleefstijlloket.nl). Health care professionals can
refer patients through the electronic patient file system.
Subsequently, patients will receive the study information
brochure and have the opportunity to take study partici-
pation into consideration and to ask questions about the
study to a study staff member.

Patients who are interested in participating will be
scheduled for a baseline measurement appointment. At
baseline, all participants will be asked to sign an informed
consent form by the researchers in which they consent to
participate in the study, including the collection of data
during study measurements, facultative blood sampling
and facultative extraction of relevant data from medi-
cal records. Participants may additionally consent to an
audio recording of the session with the lifestyle broker
(in case of randomization to the intervention group). In-
and exclusion criteria will be checked during the baseline
measurement. Study participation is voluntary, and par-
ticipants can withdraw from the study at any time with-
out giving any reason and without affecting usual care.
Patients’ privacy and data are protected, and all data will
be processed after pseudonymization, adhering to stand-
ard procedures of the participating medical centres. A
screening log will contain all patients screened for the
study and the reason why they were excluded from ran-
domization or why they were unwilling to participate, if
applicable, to allow the consort diagram to be completed.
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Randomization and blinding

Randomization occurs separately for both trials, and
patients will be randomly allocated to receive the LOFIT
intervention or usual care in a 1:1 ratio. A computerized
random number generator (Sealed Envelope) draws up
an allocation schedule pre-stratified for hospital cen-
tres using randomized permuted blocks of sizes 4 and 6
[18]. Sealed opaque envelopes that contain the group to
which a patient is allocated will be prepared. The out-
come of the allocation will be reported by research staff
to the participant and healthcare professional before
the start of the intervention to keep those involved with
measurements blinded. A design in which individu-
als will be randomized was chosen instead of a cluster-
randomized design, as minimal contamination between
the intervention and usual care group is expected. Due
to the nature of the intervention, participants cannot be
blinded for the treatment allocation but are asked not to
reveal information about their intervention allocation to
the measurement team. Field work staff who perform the
follow-up assessments will be kept blinded to group allo-
cation. Researchers who process and clean quantitative
data will be blinded for group allocation.

Lifestyle intervention
Intervention
After randomization to the intervention arm, an indi-
vidual session of approximately 45 min with the lifestyle
broker will be scheduled. Patients can visit the LFO in the
hospital or schedule an appointment for a telephone or
video call. The goal of this session is to establish patient’s
motivation for lifestyle change and consider the capabili-
ties and opportunities of the patient, in order to refer the
patient to a suitable community-based lifestyle initiative
which will facilitate and maintain behavioural change.
The lifestyle broker will guide the patient in a dialogue,
while following six steps based on Motivational Inter-
viewing (MI) [19] and the COM-B model of behaviour
[20]. In these six steps, the patient and the lifestyle broker
will (1) engage with each other. The basic attitude of the
lifestyle broker towards the patient is sincere, emphatic,
respectful and non-judging. On this condition, patients
are much more likely to talk freely about their strug-
gles with lifestyle issues and will be more prepared to
find solutions together [21]; (2) determine the preferred
behaviour to change (i.e. physical activity, healthy eat-
ing, smoking, stress, alcohol, sleep); (3) discuss (a) pros
and cons regarding the current lifestyle and regarding the
intended lifestyle change; (b) the capabilities and oppor-
tunities in the context of the patient (i.e. level of (health)
literacy, language barriers, social support and/or social
barriers, psychological barriers, cultural and religious
factors, personal financial situation); (c) the patient’s
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preferences regarding lifestyle change supervision (i.e.
group, individual, none); (4) discuss which neighbour-
hood and community-based initiative is most suitable
for the patient, taking into account all factors from step
3; (5) make an specific action plan to which the patients
commits; (6) operationalize the action plan, which leads
to a referral to a community-based lifestyle initiative (e.g.
combined lifestyle intervention programs, stop-smoking
coaches, lifestyle coaches, physical activity coaches, psy-
chologists, dieticians, physiotherapist, general practi-
tioners, local walking groups, (prevention) fitness centre,
social domain, debt counselling, addiction treatment) and
to practical arrangements about follow-up.

After referral to a community-based lifestyle initia-
tive, the lifestyle broker will monitor progress and will
maintain contact through an online secured network
communication platform (i.e. cBoards, Caresharing
BV [Ltd.], The Netherlands) as long as the patient is
under treatment in the hospital. This platform enables
the communication between the patient, community-
based lifestyle initiatives and other relevant stakehold-
ers (e.g. general practitioner, informal caregiver). The

nurse  dieticion
physical
therapist

physicion
assistont

HEALTH CARE
e PROFESSIONAL
PRACTICE
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frequency of contact between the involved parties is
tailored to patients’ preferences, needs and scheduled
hospital appointments. The duration of the interven-
tion depends on the community-based lifestyle ini-
tiative referred to. The lifestyle broker will inform the
healthcare professional in the hospital regularly about
the progress of their patients via the electronic patient
file system. Figure 2 shows the patient journey that
patients will undertake when randomized in the inter-
vention group.

Lifestyle broker

The lifestyle broker is a professional with at least a
polytechnic tertiary education degree. Furthermore,
the lifestyle broker is familiar with lifestyle counsel-
ling and medical terminology, has basic knowledge of
medical diseases, has experience with patient care and
is aware of available community-based lifestyle initia-
tives. For this study, the lifestyle brokers will be further
trained in MI during a 3-day MI training by a certified
MI trainer; will receive regular feedback on at least five
audio-recorded conversations with patients to obtain an

extramural
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adequate proficiency level; will have regular peer inter-
vision meetings to facilitate peer-learning experiences
with other lifestyle brokers; and will participate in an
online community platform, in which support tools are
integrated, and experiences can be exchanged between
lifestyle brokers [22, 23].

Control group

Control group patients will receive care as usual from
their healthcare professional(s). In practice, this entails
that provision of lifestyle advice is highly dependent on
individual healthcare professionals. It is impossible to
prevent patients in the control group from organizing
guidance towards a healthy lifestyle by themselves. At
12 months follow-up, the control group will be asked by
questionnaire if they have participated in some form of
health promotion activity over the past 12 months, to
explain possible lifestyle change in the control group.

Data collection

Data will be collected from patients at five time points:
at baseline and at 3 months (only costs, health-related
quality of life and process evaluation measures; online
questionnaire), 6 months, 9 months (both only costs
and health-related quality of life; online questionnaire)
and 12 months follow-up. Table 1 gives a detailed over-
view of the measurements. Patients are expected at the
hospital for measurements at baseline and 12 months
follow-up. Figure 3 shows the SPIRIT figure that visual-
izes all moments of data collection. Visits are scheduled
as much as possible in conjunction with usual care visits
to manage the time of participating patients efficiently.
Anthropometric measurements will be performed, and
blood will be taken. Participants will be asked to wear a
small, lightweight, inertial measurement unit (IMU) (i.e.
activPAL™) for 9 days consecutively to objectively meas-
ure steps and sitting time. Patients receive a text on the
ninth day with a reminder to remove the IMU. After 9
days, patients will be asked to complete a questionnaire
per email, redirecting participants to a web-based ques-
tionnaire format (Castor EDC, Amsterdam, The Neth-
erlands). Automatic reminders are sent to participants if
the online questionnaire was not filled in within 1 week.
In order to minimize the amount of missing data, vali-
dation rules were implemented in the online question-
naire. Data from the medical records will be retrieved
at 12 monthly follow-ups. Figure 4 is a visualization of
types of data collection over 12 months. Data monitoring
and audit will follow Amsterdam UMC (sponsor) local
standards (i.e. data monitoring after 10% of anticipated
inclusion rate with a yearly follow-up by independent
observant).
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Primary outcome

The adapted Fuster-BEWAT score is a composite health
risk and lifestyle score, which consists of six compo-
nents: resting blood pressure (mmHg), objectively meas-
ured physical activity (steps/24h), objectively measured
sitting time (time/24h), body mass index (BMI), fruit
and vegetable consumption (servings/24h) and smok-
ing (units/24h). For each component, the patient will
receive a risk score (0—4 points), where the highest score
reflects public health guidelines. The total adapted Fus-
ter-BEWAT score ranges from 0 to 24, with a higher
score indicating lower risk. The original Fuster-BEWAT
has been validated to predict the presence and extent
of subclinical atherosclerosis, which was measured in a
prospective cohort study of 4184 asymptomatic Spanish
bank employees [24]. The adapted Fuster-BEWAT has
recently been tested in a lifestyle intervention on respon-
siveness and effects of a lifestyle intervention in a Spanish
bank population [16]. The adapted Fuster-BEWAT does
not require obtaining blood samples, making this meas-
ure a highly feasible outcome and progress marker for an
LFO (Table 2).

Secondary outcomes

Cardiometabolic biomarkers

Blood samples will be taken at baseline and at 12 months
follow-up. If patients opt-out of blood collection, blood
samples collected in the previous month for usual care
purposes will be recorded if available. Patients will be
asked to fast for at least 8 h prior to blood collection. The
samples will be centrifuged, and the following markers
will be analysed: fasting plasma glucose, serum fasting
insulin, hemoglobin A1C (HbA1C), serum lipids (triglyc-
erides, total cholesterol, high-density lipoprotein cho-
lesterol (HDL) and low-density lipoprotein cholesterol
(LDL)), serum liver function enzymes (gamma-glutamyl
transferase (GGT), alanine aminotransferase (ALT),
aspartate aminotransferase (AST)), and kidney function
(serum creatinine and estimated glomerular filtration
rate).

Biomarkers will be used to calculate a bio-medical car-
diometabolic risk score, using variables with strong asso-
ciations to incident cardiovascular and metabolic disease
[52]. The cardiometabolic risk score will be calculated
as follows: (mean of z-scores for fasting glucose, fasting
insulin, HbAlc, total cholesterol, (—)HDL cholesterol,
triglyceride, ALT, AST, GGT, systolic blood pressure
and diastolic blood pressure) x 10. If laboratory values
deviate from hospital reference ranges or the Dutch Col-
lege of General Practitioners’ (NHG) practice guidelines
[53-56], the referring healthcare worker (department of
internal medicine) or general practitioner (department of
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Table 1 Samples and measurements
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Method/sample used Baseline 3M 6M 9IM 12M
PRIMARY OUTCOME
Health risk and lifestyle (Fuster-BEWAT) [24] Adapted Fuster-BEWAT X X
SECONDARY OUTCOMES
CARDIOMETABOLIC MARKERS
Fasting plasma glucose, lipids (triglycerides, total cholesterol, HDL choles- Blood sample X X
terol, LDL cholesterol), insulin, HoA1C, liver function (GGT, ALT, AST), kidney
function (creatinine)
ANTHROPOMETRIC
Body height Stadiometer (once) X X
Body weight Scale (once) X X
Waist circumference Tape (twice) X X
Neck circumference Tape (once) X X
Resting blood pressure (systolic, diastolic) Once X X
BEHAVIOUR
Objectively measured lifestyle behaviour
Sitting time, upright time and step count activPAL X X
Self-reported lifestyle behaviour
Dietary intake and quality Questionnaire X X
Alcohol intake (AUDIT) [25, 26] Questionnaire X X
Sedentary behaviour (Marshall) [27] Questionnaire X X
Physical activity (IPAQ-SF) [28-30] Questionnaire X X
Fitness (FitMax) [31] Questionnaire X X
Sleep insomnia (ISI) [32-34] Questionnaire X X
Sleep quality (Brief-PSQI) [35] Questionnaire X X
Obstructive Sleep Apnea Syndrome (OSAS) [36, 37] Questionnaire X X
Smoking status (FTND) [38] Questionnaire X X
PSYCHOLOGICAL
Wellbeing (Cantril ladder) [39] Questionnaire X X
Health-related Quality of Life (EQ-5D-5L) [40, 41] Questionnaire X X X X X
Resilience (BRS) [42] Questionnaire X X
General self-efficacy scale (GSES) [43, 44] Questionnaire X X
Stage of change [45] Questionnaire X X
PROMs
Functional limitations (HOOS-PS /KOOS-PS) [46]! Questionnaire X X
SOCIAL DEMOGRAPHICS
Age Questionnaire X
Gender Questionnaire X
Ethnicity Questionnaire X
Marital status Questionnaire X
Number of children Questionnaire X
Education Questionnaire X
Household income Questionnaire X
Employment status Questionnaire X
Postal code Questionnaire X
Health literacy (SBSQ) [47] Questionnaire X
ASA physical status classification [48] Electronic Patient File X
Family history of diseases Questionnaire X
Comorbidity (CCl) [49] Electronic Patient File X
COST-EFFECTIVENESS
Productivity and healthcare use (iPCQ, iIMCQ) [40, 50] Questionnaire X X X X X
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Table 1 (continued)
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Method/sample used Baseline 3M 6M 9IM 12M

Consequences for employment

Medication use

Travel costs to hospital
PROCESS EVALUATION

Implementation, context, mechanism of impact [51]

Questionnaire X X X X X
Questionnaire X X X X X
Questionnaire X

Questionnaire, interviews, x X X

data registration

! Only used by patients who have osteoarthritis

STUDY PERIOD
Enrolment Allocation Post-allocation Close-out
TimepoinT | Baseline 0 3v | M | am 12m
(- 14 days)
ENROLMENT:
Eligibility screen X
Informed consent X
Baseline
% X
measurements
Allocation X
INTERVENTIONS:
Referral through
Lifestyle Front X X X X
Office
Usual care X X X X
ASSESSMENTS*: X X X X X

Fig. 3 SPIRIT figure for the schedule of enrolment, interventions and assessments. See Table 1 for a more detailed overview of assessments incl.

timepoints

orthopedics) will be informed for further action. This will
be documented as an adverse event (AE).

Anthropometric measures

The following anthropometric measures will be carried
out. Body height will be measured to the nearest cen-
timetre at baseline only with a stadiometer (SECA 206,
SECA, Birmingham, UK). Body weight to the nearest
0.1kg without shoes and light clothes will be measured

using calibrated electronic scales (SECA 877). Body
height and weight will be used to calculate BMI (kg/m?).
BMI (i.e. categorized into >31.9 (0); 30-31.9 (1); 27-29.9
(2); 25-26.9 (3); <25 (4)) will be used for the adapted
Fuster-BEWAT score. Waist circumference will be meas-
ured twice to the nearest 0.1 cm with a SECA 201 meas-
ure (no shirt on), midway between the lowest ribcage and
the iliac crest. If the difference between the two measures
is >0.5 cm, a 3rd measurement will be conducted. The
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Fig. 4 Visualization of data collection over 12 months
Table 2 Adapted Fuster-BEWAT composite health risk and lifestyle score
Score 0 1 2 3 4
Systolic/diastolic blood pressure? (mmHg) >140/90 134-139/87-89 128-133/84-86 121-127/81-83 <120/80
Physical activity (steps/24h) <5500 5500-6999 7000-8499 8500-9999 >10,000
Sitting (h/24h) >125 11 -<125 95-<1 8-<95 <8
Body mass index® (kg/mz) >32 30-31.9 27-29.9 25-26.9 <25
Fruit and vegetable consumption (servings/24h) <1 2 3 4 >5
Smoking (units/24h) >20 10-20 1-9 <1 0

?If systolic and diastolic blood pressure does not fall in the same category, then the participant is assigned to the category with the relatively highest blood pressure
(i.e. systolic or diastolic)

b At follow-up visits, a 5% decrease in BMI will add 1 extra point to the BMI score, except for those participants who, due to this decrease, already have changed BMI
categories since baseline or who are already in the normal bodyweight category (BMI<25kg/m?). Similarly, a 5% increase in BMI at follow-up will result in 1 point less
in the BMI score, except for participants who have changed BMI categories since baseline or participants with a BMI> 32 kg/m?

mean will be calculated from the two nearest measure-
ments. Body height and waist circumference will be used
to calculate the waist-to-height ratio [57]. Neck circum-
ference will be measured once to the nearest 0.1cm with
a SECA 201 measure in a standing relaxed upright posi-
tion between the mid-cervical spine and mid-anterior
neck [58]. For resting blood pressure, Omron M6 blood
pressure monitor was used after 5 min of sitting still. If

measured systolic blood pressure is >139 mmHg and/
or measured diastolic blood pressure is >89 mmHg, two
additional measurements will be taken and recorded. A
mean will be calculated from the second and third meas-
urements. Both systolic and diastolic blood pressure (i.e.
categorized into systolic/diastolic: >140/90 (0); 134-
139/87-89 (1); 128-133/84-86 (2); 121-127/81-83 (3);
<121/81 (4)) will be used for the adapted Fuster-BEWAT
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score. All equipment used in the different hospitals is
identical.

Health behaviour

Objectively measured sitting time, upright time, and the
number of steps will be measured using the activPAL"™
micro (PAL Technologies Ltd., Glasgow, UK) physical
activity monitor, worn on the right front thigh for seven
consecutive full days. This is a small device weighing 9 g,
made waterproof with a nitrile sleeve. It will be secured
with adhesive hypoallergenic thin plastic film (Tegaderm
Roll, 3M). Participants will receive verbal instructions
and will be shown how to wear the activPAL™ device and
to correctly (re)attach it (e.g. after swimming and bath-
ing). The activPAL"™ has good measurement properties in
adults for assessing sitting time, standing time, stepping
time and the number of steps/day, and should be worn for
at least 4 days [59]. Variables of interest calculated from
the activPAL™ data include sitting time, standing time,
stepping time, the number of bouts and time of prolonged
sitting (>30 min; >60 min; >120 min), steps and the num-
ber of sit-to-stand transitions. All these outcomes will be
calculated and averaged to comprise 24-h physical activ-
ity results. Steps per 24h (i.e. categorized into: <5500 (0);
5500-6999 (1); 7000-8499 (2); 8500-9999 (3); >10,000
(4)) and sitting time (i.e. categorized into daily: >12.5 (0);
11-<12.5 (1); 9.5—<11 (2); 8—<9.5 (3); <8 (4)) will be used
for the adapted Fuster-BEWAT score.

Self-reported cardiorespiratory fitness will be assessed
with the FitMax [31]. This is a questionnaire consisting
of three single-answer questions about the maximum
capacity of walking, climbing stairs and cycling. The
questionnaire has a scale range from 0 to 13 to rate maxi-
mum capacity of walking, a scale range from 0 to 11 for
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the maximum capacity of cycling and a scale range from
0 to 10 to rate the maximum capacity of stair climbing.
The FitMax is strongly correlated (r=0.95) with peak oxy-
gen uptake as measured with cardiopulmonary exercise
testing in healthy people as well as patients [31].

Self-reported physical activity will be assessed with the
International Physical Activity Questionnaire — Short
Form (IPAQ-SF), measuring walking, moderate and
vigorous-intensity physical activity,and with good validity
across many populations, including osteoarthritis
[28-30].

Self-reported sedentary time will be assessed with the
Marshall questionnaire with 10 items, which has shown
good reliability and wvalidity for context-specific sit-
ting when studied against accelerometry [27]. Total and
domain-specific sitting time in minutes will be assessed
(i.e. sitting during transport, at work, while watching tel-
evision, while using the computer for leisure, and during
other leisure activities) during a week and weekend day.

Self-reported dietary data will be measured with 18
items selected from the Dutch Food Frequency question-
naire (FFQ) [60]. Frequency of daily, weekly or monthly
intake of the following foods and drinks will be obtained:
fruit and vegetables, legumes, unsalted nuts, fish, red
and processed meat, sugary drinks and sweets/cookies/
chips/cake/chocolate. Furthermore, the dietary quality of
the type of consumed bread, pasta, rice (i.e. wholegrain
or white) and type of butter and preparation fat will be
categorized. We will assess the frequency of meals and
special diets. All these variables will be combined into
one overall dietary quality score based on previous qual-
ity index score cards and the Dutch dietary guideline
[61-63]. Table 3 provides threshold scores for 9 areas
corresponding to the Dutch dietary guidelines and one
additional item for unhealthy snacks. The total score

Table 3 Components and Dutch Healthy Diet index 2015 (DHD15 index) and threshold score

Component Dutch dietary guidelines 201563 Threshold (1 point)
1 Vegetables Eat at least 200 g of vegetables daily >200 g daily
2 Fruit Eat at least 200 g of fruit daily >2 pieces daily
3 Wholegrain products Replace refined cereal products with whole grain products No consumption of refined products
4 Legumes Eat legumes weekly >1 week
5 Nuts Eat at least 15 g of unsalted nuts daily >105 g week
6 Fish Eat one serving of fish weekly, preferably oily fish >1 week
7 Fats and oils Replace butter, hard margarines and cooking fats with soft margarines, liquid No consumption of butter, hard

cooking fats and vegetable oils
8 Red and processed meat

9 Sweetened beverages
Additional to the Dutch dietary guideline

10 Unhealthy snacks
chocolate(s)

Limit consumption of red and processed meat

Limit consumption of sweetened beverages

Limit intake of sweets, chips, pretzels, cookies, gingerbread, cake, pie,

margarines and cooking fats

<2 days of red meat a week; and <1
day of processed meat a week

<1 glass a day

<3 times a week
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ranges from 0 to 10, where a higher score indicates better
adherence to dietary guidelines. Fruit and vegetable con-
sumption (i.e. categorized into daily threshold points: 0
or 1 (0); 2 (1); 3 (2); 4 (3); 5 or more (4)) will be used for
the adapted Fuster-BEWAT score.

Alcohol intake will be assessed with the Alcohol Use
Disorders Identification Test (AUDIT) [25, 26]. This is a
10-item questionnaire that explores alcohol consump-
tion, potential dependency and the experience of alco-
hol-related harm. Items are scored on a 5-point scale, in
which a higher score correlates with more harmful alco-
hol consumption and a higher likelihood of dependence.

Sleep will be assessed with three instruments. For sleep
quality, the Brief Pittsburgh Sleep Quality Index (B-PSQI)
will be used. This is a reliable instrument measuring sleep
duration, efficiency, latency, and disturbances using 6
questions [35]. Sleep efficiency will be calculated, and 5
questions are scored, in which the total range is 0-15. A
higher score indicates worse sleep quality. Sleep insomnia
will be assessed with the Insomnia Severity Index (ISI)
to quantify the severity of insomnia [32-34]. Items are
scored on a 5-point scale, with a total score ranging from
0 to 28. A higher score indicates more severe insomnia.
The instrument is deemed valid to assess change over
time. For assessment of obstructive sleep apnea (OSA),
the STOP-BANG Sleep Apnea questionnaire will be used
[36, 37]. This questionnaire provides a risk score for OSA
based on questions that relate to the clinical features of
sleep apnea in combination with age, gender, BMI and
neck circumference. Items are scored yes or no, and the
total score ranges from O to 8, in which a higher score
indicates a higher risk of OSA.

Smoking behaviour will be assessed, including the
date of quitting and the amount of current consumption.
Number of cigarettes smoked per day (i.e. >20 (0); 10-20
(1); 1-9 (2); <1 (3); 0 (4)) will be used for the adapted Fus-
ter-BEWAT score. Current smokers will be asked to fill
out the six-item Fagerstrom Test for Nicotine Depend-
ence (FTND). This test explores physical addiction to
nicotine [38].

Psychological measures

Wellbeing will be measured using the Cantril ladder, a
visual scale on which participants have to score their
life [39]. The score ranges from a 0 for “worst possible
life” to a 10 for “best possible life” The General Self-
Efficacy scale (GSE) will be used to measure self-efficacy
[43, 44]. This is a 10-item questionnaire measuring a
general sense of perceived self-efficacy to predict cop-
ing with daily hassle and adaptation after experiencing
all kinds of stressful life events on a 4-point Likert scale
(1=Not at all true; 4= Exactly true). Resilience will be
assessed with the Brief Resilience Scale (BRS) [42]. This

Page 11 of 21

is a 6-item questionnaire measuring the degree of indi-
vidual resilience on a 5-point Likert scale (1=strongly
disagree; 5=strongly agree). A stages of change ques-
tionnaire will assess in what stage of behavioural change
the participant is based on the transtheoretical model
[45]. For smoking cessation, alcohol consumption,
nutritional intake, physical activity, sedentary behav-
iour and sleep behaviour, one item was constructed
with 6 response options, each reflecting one of the fol-
lowing stages: pre-contemplation (e.g. “I am physically
active for less than 150 minutes per week and have not
thought about changing”), contemplation (e.g. “I drink
7 or more alcoholic drinks a week, but I've thought
about reducing my consumption”), preparation (e.g. “I
want to quit smoking and I have begun to reduce the
number of cigarettes that I smoke”), action (e.g. “I sit
for less than 8 hours a day, but have been doing so for
less than 6 months”), maintenance (e.g. “I eat accord-
ing to the Dutch nutritional guideline and am doing
so for more than 6 months”) or termination (e.g. “I am
physically active for more than 150 minutes per week
and I am doing so for many years. It is part of my life-
style”). Health-related quality of life will be measured
using the EQ-5D-5L. The EQ-5D-5L consists of five
health dimensions; mobility, self-care, anxiety/depres-
sion, pain/discomfort and daily activities. Patients will
be asked to rate their health-related quality of life on a
5-point scale as; no, slight, moderate, severe problems
and unable to perform [40]. The patients’ EQ-5D-5L
health states will be converted into utility scores, rang-
ing from 0 (“death”) to 1 (“optimal health”), using the
Dutch 5L value set [41]. For the economic evaluation,
quality-adjusted life years (QALYs) will be estimated by
multiplying the patients’ time spent in a certain state by
the respective utility value.

Patient-reported outcome measures (PROMs)

For osteoarthritis, the Knee injury and Osteoarthritis
Outcome Score Physical Function Short Form (KOOS-
PS) and the Hip disability and Osteoarthritis Outcome
Score Physical Function Short Form (HOOS-PS) have
been developed from the original long version intended
to evaluate the functional status of patients with knee/
hip osteoarthritis. The HOOS-PS is a 5-item question-
naire, and the KOOS-PS is a 7-item questionnaire. Stand-
ardized response options are given, and each question
is scored from 0 to 4 (on a 5-point Likert scale). Con-
sequently, a normalized score, ranging from 0 to 100, is
calculated (0 indicating extreme symptoms and 100 indi-
cating no symptoms). The long Dutch version has been
proven to be valid and reliable [46]. The HOOS-PSF and
KOOS-PS are globally used as outcome measurement for
a variety of studies and registries [64, 65].
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Sociodemographic

At baseline, all participants will be asked to complete
questions regarding demographic characteristics (i.e.
age, gender, ethnicity, education, marital status, current
employment status, income, number of children) and
about a family history of diseases. Data on comorbid-
ity will be retrieved from electronic patient files. For the
classification of comorbidity, the Charlson Comorbid-
ity Index (CCI) will be used [49]. Health literacy will be
assessed with a 3-item Set of Brief Screening Questions
(SBSQ) measured on a 5-point Likert scale (1=extremely;
5=not at all) to indicate low, marginal and high health
literacy [47]). American Society of Anaesthesiologists
(ASA) physical status classification will be based on the
recording in the electronic patient file and is categorized
as healthy (1); mild systemic disease (2); severe systemic
disease (3); a severe systemic disease that is a constant
threat to life (4); a moribund person not expected to
survive without operation (5) [48].

Cost-effectiveness

This study will include a cost-effectiveness evaluation of
an LFO in comparison to usual care regarding the pri-
mary outcome (i.e. adapted Fuster-BEWAT) and QALYs.
Data on resource utilization will be collected using self-
report questionnaires based on the iMTA productivity
Cost and Medical Consumption questionnaires (iPCQ
and iIMCQ) [40, 50]. These questionnaires will assess
utilization of healthcare services (i.e. number of visits to
general practitioner, allied health professionals or com-
plementary healthcare providers; number of ambulatory
visits at a hospital or other health care organizations;
admission to a hospital or other health care organiza-
tion), medication use, the use of informal care, unpaid
productivity losses as well as absenteeism (i.e. sick leave)
and presenteeism (i.e. reduced productivity while being
ill at work). Costs for the delivery of LOFIT will be esti-
mated, applying a bottom-up micro-costing approach
using—amongst others—costs reported by the hospital
(i.e. recruitment of participants, implementation and
delivery of the program) and the research group (i.e.
preparation and start-up, and materials) [66]. The use
of other healthcare services will be valued using Dutch
standard costs and prices derived from www.medici-
jnkosten.nl. Informal care (i.e. care by family and friends)
and unpaid productivity losses (i.e. costs associated with
reduced productivity levels related to unpaid activities,
such as volunteer work) will be valued using a recom-
mended Dutch shadow price. Absenteeism will be valued
according to the Friction Cost Approach and using gen-
der-specific price weights. Presenteeism will be valued
using gender-specific price weights.
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Process evaluation

An extensive process evaluation will be conducted to
investigate implementation processes during the two
trials, to prepare for sustainable implementation of the
LFO beyond the research setting. We will investigate the
pathways along which the intervention affects outcomes,
and facilitators and barriers for adoption, implementa-
tion and continuation. This process evaluation will be
a mixed-method design, will be based on the UK MRC
guidance on process evaluation of complex interventions
[51] and will include data on context, implementation
and mechanisms of impact. Data will be gathered from
participants, lifestyle brokers, healthcare professionals
and community-based lifestyle initiatives. Researchers
will keep field notes of relevant information from phone
calls, email and measurement observations. Table 4 pre-
sents an overview of the process evaluation objectives
and methods used, ranked according to the domain con-
text, implementation and mechanism of impact.

At baseline, participants will be asked how they were
recruited for the LOFIT study and about their reasons
for participation. At 3 months, participants will be asked
about their referral from the lifestyle broker and, if appli-
cable, their experiences with the (community-based) ini-
tiative they were referred to. At 12 months, intervention
participants will be asked about the following: their expe-
riences with the LFO and the care pathway; dose received
in terms of contact with the LFO; perceived effect of the
program; and support. Reasons for withdrawal or drop-
out from the study (measurements) will be registered.
After completion of the intervention, participants will be
invited for an interview. These interviews will be aimed
at understanding the following: reasons for joining the
LOFIT study; the impact that the LOFIT study has had
on their life; their views on essential program elements
for making behavioural change; and their suggestions for
improvement of the LFO and care pathway.

Six months after starting the study, all healthcare pro-
fessionals of the participating departments will receive
a short questionnaire about their satisfaction with
the LFO. A small sample (*®n=2-3 per participating
department) will be interviewed to gather opinions and
experiences with referral and recruitment to the LOFIT
study, and barriers and facilitators for its adoption,
implementation and continuation. The research team
will join some (research) meetings held by the health-
care professionals and have individual contact with
appointed champions to discuss the ongoing process as
part of the implementation strategies. Field notes will
be taken during these meetings and conversations.

The lifestyle brokers will be asked to complete attend-
ance and online logs. These logs contain information on
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