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ABSTRACT
Objectives  To (1) pilot a study of behavioural 
characterisation based on risk and time preferences in 
clinically well-characterised individuals, (2) assess the 
distribution of preferences in this population and (3) 
explore differences in preferences between individuals 
with ‘lifestyle-related’ (LS) and ‘non-lifestyle-related’ (NLS) 
cardiovascular diseases.
Design  Cross-sectional study with an economic online 
experiment to collect risk and time preferences, a detailed 
clinical characterisation and a sociodemographic and 
lifestyle survey. A definition of LS and NLS groups was 
developed.
Setting  Specialist outpatient clinics of the clinic for 
cardiology and pneumology of the University Hospital 
Düsseldorf and patients from a cardiology practice in 
Düsseldorf.
Participants  A total of 74 individuals with cardiovascular 
diseases.
Outcomes  Risk and time preferences.
Results  The implementation of the study process, 
including participant recruitment and data collection, 
ran smoothly. The medical checklist, the survey and the 
time preference instrument were well received. However, 
the conceptual understanding of the risk preference 
instrument resulted in inconsistent choices for many 
participants (47%). The remaining individuals were more 
risk averse (27%) than risk seeking (16%) and risk neutral 
(10%). Individuals in our sample were also more impatient 
(49%) than patient (42%). The participant classification 
showed that 65% belonged to the LS group, 19% to 
the NLS group and 16% could not be assigned (unclear 
allocation to lifestyle (ULS) group). Excluding the ULS 
group, we show that individuals in the LS group were more 
risk seeking, and unexpectedly, more patient than those in 
the NLS group.
Conclusions  The process of the pilot study and its results 
can be used as a basis for the design of the main study. 
The differences in risk and time preferences between the 
LS and NLS groups provide us with a novel hypothesis 
for unhealthy behaviours: individuals never give up a bad 
habit, they simply postpone the latter, which can be tested 
alongside other additional research questions.

BACKGROUND
Cardiovascular diseases constitute a global 
health concern, being the number one cause 
of death (about 31% worldwide and 45% in 
Europe1). Cardiovascular disease yields chal-
lenges at the individual and societal levels. 
Patients are often faced with long-term treat-
ment and care and suffer productivity losses 
due to increasing morbidity and mortality.2 3 
Moreover, total healthcare costs in the Euro-
pean Union (EU) due to cardiovascular 
diseases amount up to €210 billion per year.3 
Early diagnosis and suitable treatment strate-
gies are hence of crucial relevance.

Some cardiovascular diseases are not 
preventable, for example, congenital heart 
defects. However, most are preventable: there 
are risk factors that cannot be influenced 
(such as age, gender, genetic predisposition), 
but several risk factors can be influenced 
or changed by the individuals themselves. 
Cardiovascular diseases are often related to 
today’s lifestyle in industrialised countries, 
that is, tobacco and alcohol consumption, 
lack of exercise, poor diet, and stress increase 
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the likelihood of developing cardiovascular disease. 
These factors can also affect both morbidity and mortality 
in patients with established cardiovascular disease.4–11 
Nevertheless, these risk factors are highly behavioural 
and can thus be modified or influenced.12 13 Medical 
guidelines and healthcare programmes propose adequate 
self-management and lifestyle changes such as increases 
in physical activity, smoking cessation and adherence to 
medication.14 15

However, up to 60% of patients lack adherence to 
medical guideline recommendations. Patients with coro-
nary heart disease (CHD), for example, insufficiently 
follow physical activity recommendations16–18 or show a 
lack of self-management.19 A potential solution is patient-
centered medicine, which acknowledges patient prefer-
ences and characteristics to better understand patient 
behaviour and opportunities to yield positive long-term 
effects.

From a behavioural economics perspective, risk and 
time preferences are two factors which play a central role 
in health-related decisions and influence adherence to 
medical guidelines (with the aim of behaviour change). 
Evidence from clinical studies shows that risk seeking and 
impatient individuals with cardiovascular diseases behave 
in a less preventive manner. These patients also have 
poorer medication or therapy adherence.20–22 Moreover, 
there are positive associations between risk tolerance and 
poorly performing clinical parameters.23 Unfortunately, 
there are no studies with a comprehensive and interdis-
ciplinary set of data (including clinical measures, lifestyle 
measures and individual, behavioural measures) allowing 
for a characterisation of patients to improve treatment 
outcomes, and in particular a distinction between those 
patients with lifestyle-related (LS) diseases. The latter is 
an interesting question that has not yet been investigated, 
although risk and time preferences have been shown to 
be associated with LS behaviours24–28 and lifestyle in turn 
is associated with a number of cardiovascular diseases, but 
not all. This raises the question of whether risk and time 
preferences differ between patients with more LS diseases 
and those with more non-LS (NLS) diseases.

To fill this gap in the literature, we designed an inter-
disciplinary study to (1) pilot a behavioural character-
isation based on risk and time preferences in clinically, 
well-characterised individuals, (2) assess the distribu-
tion of preferences in this population and (3) explore 
differences in preferences between individuals with LS 
and NLS cardiovascular diseases. All results will inform 
the main study about the design and implementation of 
experimental economic methods in the study population 
and the categorisation of disease groups.

METHODS
Trial design
This interdisciplinary project was a cross-sectional obser-
vational study combined with an integrated behavioural 
economic online experiment.

Testing the implementation of the study process and 
instruments
To inform the main study, this pilot study intended to test 
the implementation of the study process and instruments. 
This included the recruitment of participants, data collec-
tion procedures and instruments used to collect prefer-
ences, sociodemographic, lifestyle and clinical data.

Participants and recruitment
Our pilot study sample included adults (18 years or over) 
with a primary diagnosis of cardiovascular disease who 
were being treated in the cardiological outpatient clinic 
of the University Hospital Düsseldorf (UKD) and in the 
MVZ Cardio Centrum Düsseldorf GmbH (cardiological 
practice) in Düsseldorf and who had a regular appoint-
ment at the time of the survey. Further inclusion criteria 
were proficiency in the German language as well as mental 
and physical fitness to participate in the study. To obtain a 
sufficiently heterogeneous group of participants, the aim 
was to recruit N=18 patients from each of the following 
areas: ‘general cardiology and angiology’, ‘rhythmology’, 
‘heart failure’ and ‘structural heart diseases’. Once we 
reached this number of subjects, no further subjects were 
recruited from the respective area. Recruitment and data 
collection took place during April–November 2021.

Procedures and data collection
The protocol and the way participants were addressed 
during the study were standardised. Appropriate material 
to prepare and train the medical staff was developed. On 
the day of their regular medical appointment, potential 
participants were identified by the medical staff of the 
respective medical facility. Those who expressed interest 
were informed in detail about the study by the study team. 
If individuals were willing to participate, the declaration 
of informed consent and, if applicable, the consent to 
blood collection were signed by the participants.

At UKD, participants had to wait after the physician–
patient conversation before the start of their medical 
examination. During this time, the computer-aided, 
economic online experiment, including the online ques-
tionnaire, was carried out (on a tablet). At the MVZ Cardio 
Centrum Düsseldorf GmbH (cardiological practice), the 
medical examination took place directly after the physi-
cian–patient conversation and before the computer-
aided, economic online experiment, including the online 
questionnaire, was carried out (on a tablet). Interested 
participants were given detailed oral and written explana-
tions by the study staff before participating.

After successful completion of the economic online 
experiment, the participants filled out a payment receipt 
(ie, he or she gives their first and last name, private 
address, telephone number and bank details), so that 
a money transfer could be made via the UKD finance 
department. The amount and time of the payment 
depended on the decisions made by the participant 
during the economic online experiment and were noted 
by the study team in the presence of the participant on a 
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receipt. The participants were then given the paper form 
of the self-completed questionnaire in a stamped return 
envelope addressed to UKD (to be filled out at home). 
It was briefly explained that the questionnaire should be 
returned (within 14 days). The elicitation of variables in 
the online questionnaire allowed us—in the event that 
the self-completed questionnaire in paper form was not 
returned—to evaluate at least a few parameters. The 
economic experiment lasted between 30 and 60 min. On 
average, and consistent with procedures in economic 
experiments, a participant received about €19.40 for the 
elicitation of risk and time preferences. For risk prefer-
ences, for each of the 10 choices, 1 of those choices was 
randomly selected for payment. Similarly, for time pref-
erences, for the 50 decisions, 1 of those decisions was 
randomly selected for payment.

With participant consent, the treating physicians also 
filled out a checklist for (main) diagnoses of cardiovas-
cular diseases, therapy based on cardiovascular (main) 
diagnoses, medication and physical examinations. Labo-
ratory values were either taken out of the patient’s file or 
a study-related blood sample was taken on the same day 
if no current data on laboratory values were contained 
in the patient’s file or they were not collected within the 
planned/regular examination or treatment appointment.

LS and NLS cardiovascular diseases
Based on a comprehensive literature review concerning 
the aetiology of cardiovascular diseases, we developed 
two groups of cardiovascular diseases: a LS group and a 
NLS group (see online supplemental appendix A for a 
detailed description of the classification and its develop-
ment process). Based on the cardiovascular diagnoses, 
participants were assigned to one of these groups. They 
were assigned to the LS group if they had a coronary 
artery disease, a peripheral arterial disease, a cerebral 
arterial disease or atrial fibrillation (AF). A participant 
was assigned to the NLS group if there is no diagnosis 
listed under LS diseases and the person has congen-
ital heart, inflammatory diseases such as pericarditis/
myocarditis, inflammatory cardiomyopathies, rheumatic 
heart diseases or a hypertrophic cardiomyopathy. The 
remaining participants, for example, those with a diag-
nosis not listed under LS diseases, a disease with a very 
heterogeneous aetiology, or with an unclear data situ-
ation with regard to the connections to LS aspects and 
the disease or the diagnosis was not specified so that 
the aetiology/data situation could not be assessed were 
assigned to a group ‘unclear allocation to lifestyle’ (ULS) 
(see online supplemental appendix A, table A.2 for a full 
description of each category).

Outcomes and other variables
Risk and time preferences
Collection of individual preferences (online)
Using an economic online experiment, we collected 
data on risk preferences based on the approach of Holt 
and Laury29 and Binswanger.30 This is an experimental 

measure of risk aversion using a multiple price list 
(MPL) design, where decisions are set out on a table and 
vary slightly as the individual goes through the list. We 
collected data on time preferences using the approach 
of Coller and Williams,31 also based on the MPL design. 
The added pictorial representation of the time tasks—
pie charts and calendar—is based on Harrison et al32 and 
serves as a decision-making aid for individuals. The prev-
alent use of the MPL method allows us to compare risk 
attitudes across different environments and individuals.33 
Online supplemental appendix B contains detailed 
descriptions of both sets of tasks, including the elicitation 
of preferences. The tasks were followed by a short online 
questionnaire.

Further measures
Collection of sociodemographic and lifestyle measures and 
medical history (self-reported)
The economic online experiment also included a ques-
tionnaire with a number of variables to describe the 
study population, and which may be associated with pref-
erences in the main study: demographics (age, gender, 
nationality, country of birth, education, marital status), 
lifestyle measures as physical activity, smoking behaviour, 
self-control and clinical variables (height, weight, 
diabetes, cancer, heart attack, stroke, asthma, depression, 
hospitalisation within the last 12 months, family history 
of diabetes and heart disease). Online supplemental 
appendix C, table C.1 presents the variables together with 
the associated validated instruments and instruments 
from population-based studies.

The self-reported, paper-based questionnaire was more 
extensive than the online questionnaire and contained 
questions on demographics (age, gender, nationality, 
country of birth, education, marital status, fellow human 
beings, employment, household income), health-related 
quality of life, well-being, participation and information 
preferences, health-related locus of control, depres-
sion and anxiety, Big Five personality traits, social inte-
gration, physical activity, smoking, self-control, type D 
personality and medical service utilisation. The variables 
of the self-completed questionnaire together with the 
corresponding validated instruments and instruments 
from population-based studies are summarised in online 
supplemental appendix C, table C.1.

Collection of clinical variables (medical, physician completed)
The clinical variables served to create a clinical profile 
to characterise the study population. For this purpose, 
the treating physician filled out a checklist. We included 
various cardiovascular measures: arterial hypertension, 
high-grade heart valve stenosis/regurgitation, heart 
failure (including classification according to left ventric-
ular ejection fraction), CHD, peripheral and cerebral 
arterial occlusive diseases, cardiac arrhythmias and AF, 
cardiomyopathies, congenital diseases (heart defects, 
others) and rheumatic heart disease. The checklist also 
included cardiovascular events (myocardial infarction, 

https://dx.doi.org/10.1136/bmjopen-2023-080867
https://dx.doi.org/10.1136/bmjopen-2023-080867
https://dx.doi.org/10.1136/bmjopen-2023-080867
https://dx.doi.org/10.1136/bmjopen-2023-080867
https://dx.doi.org/10.1136/bmjopen-2023-080867
https://dx.doi.org/10.1136/bmjopen-2023-080867
https://dx.doi.org/10.1136/bmjopen-2023-080867


4 Kairies-Schwarz N, et al. BMJ Open 2024;14:e080867. doi:10.1136/bmjopen-2023-080867

Open access�

stroke) and prior acute cardiovascular diseases (myocar-
ditis). With regard to concomitant diseases, chronic 
kidney failure, including its stage, and chronic obstruc-
tive pulmonary disease were recorded. Current symptoms 
were described using established classification systems 
like New York Heart Association (NYHA) Functional 
Classification, Canadian Cardiovascular Society grading 
of angina pectoris (CCS), European Heart Rhythm Asso-
ciation score of AF (EHRA) and Fontaine classification 
for peripheral arterial disease. Invasive surgical, interven-
tional and pacemaker therapy and current drug therapies 
based on cardiovascular diagnoses were incorporated. 
Relevant cardiovascular drugs (beta blockers, ACE inhib-
itors/sartans, neprilysin inhibitors, diuretics, aldosterone 
antagonists, calcium antagonists) and antithrombotic 
drugs (oral anticoagulation, platelet function inhibitors) 
were recorded. The presence of antihyperglycaemic 
therapy was registered as well (see online supplemental 
appendix C, table C.1 for full table of questions and clin-
ical parameters).

Analyses
Sample size calculation for preference assessment
The sample size for the pilot study was determined based 
on a significance value of 0.05 and a power value of 0.80. 
Since the prior literature on risk and time preferences 
does not provide much information on how the sample 
size for experiments was constructed,34 35 we assumed the 
minimal difference that would occur between two people 
is a change in one row in each MPL task (which has 10 
rows total). Therefore, we wanted to find at least a differ-
ence of one-row switch in both the risk aversion and time 
preferences tasks (either a higher or lower row). This 
sample size calculation resulted in a case number of N=74 
participants.

Statistical analysis
Sample description
The quantitative data were analysed, including visual aids, 
such as graphs. All participants were used for the statis-
tical analysis. Statistical tests were performed based on 
the classifications defined in the next sections. The anal-
ysis was done in Stata V.18 (StataCorp) and SAS software, 
V.9.4 (SAS Institute).

Risk and time preferences
We categorised participant behaviour based on the deci-
sions made in the risk and time preferences tasks. Table 1 
summarises the classifications based on the row where 
participants switch. As an example, for the case of risk 
preferences, we classified participants as risk seeking if 
they switch from option A to option B once before the 
5th row (out of 10) of an MPL task. For the case of time 
preferences, patient individuals switch from option A 
to option B once before or exactly at the 6th row (out 
of 10) of the time MPL. To check the robustness of our 
results, we also applied two other methods for classifying 
risk preferences, as proposed by Engel and Kirchkamp.36 

The description of the methods and the corresponding 
analyses can be found in online supplemental appendix 
D. The results of the two classification methods showed 
no significant differences. Hence, we concluded that our 
results are robust.

RESULTS
Performance of study procedures and instruments
No major problems arose regarding the implementation 
of the study process. Although we did not specifically test 
this point, the combination of the components of the 
economic online experiment and the clinical data collec-
tion was successfully implemented in each of its stages in 
the clinical environment. The pilot study was perceived 
useful and satisfactory by the individuals responsible for 
the recruitment, as procedures were adapted to the condi-
tions of the medical facilities (ie, the UKD cardiology 
outpatient clinic and the cardiology practice). Moreover, 
the (digital) data collection ran smoothly. Only individual 
challenges, for example, when handling the notebook 
mouse by the participants, occurred. These were reduced 
with the support of the study staff and data was success-
fully collated.

However, general challenges arose regarding the 
conceptual understanding of the survey of risk prefer-
ences (see the ‘Risk preferences’ section). In addition, 
the study was useful in understanding a potential source 
of self-reported bias, as the processing of the physical 

Table 1  Criteria for classifying risk preferences

Criteria for classifying risk preferences, adapted from 
Charness et al and Holt and Laury29 33

Risk preferences Switching row 
from

Decision 10 Number 
of safe 
choices 
(option 
A)

option A → 
option B

Row

Risk seeking Before the 5th 
row

option B 0–3

Risk neutral In the 5th row 4

Risk averse After the 5th 
row

5–9

Inconsistent—
multiple row 
switches

2+ switching 
points

Inconsistent—lack 
of understanding

option A

Criteria for classifying time preferences

Time preferences Switching row from ‘smaller sooner’ 
(option A) to ‘larger later’ (option B)

Patient Before or in the 6th row

Impatient After the 6th row

No switch

Inconsistent 2+ switching points
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activity instrument data led to a very high proportion 
of highly active people. The other variables could be 
collected without obstacles.

Description of the study population
The medical staff of the two clinical facilities identified 
and invited N=79 participants for our study based on the 
inclusion and exclusion criteria. While the study staff was 
further informing the participants about the study, one 
participant withdrew without giving a reason. Accordingly, 
N=78 patients took part in the economic online experi-
ment and the online questionnaire. No other participant 
was excluded during the economic online experiment. 
Based on the checklist, clinical variables were collected 
from these participants. N=60 people returned the paper-
based questionnaire. We excluded N=4 participants (of 
the latter, N=3 had returned the paper questionnaire 
and N=1 had not), since during ex-post data collection 
it turned out that: according to the main diagnosis, one 
patient was a haemato-oncological and not a cardiovas-
cular patient, two did not have current clinical data and 
one did not yet have a confirmed cardiovascular disease 
as the main diagnosis. Thus, the final sample consisted 
of N=74 participants. N=40 participants were assessed at 
the cardiological outpatient clinic of the UKD and N=34 
participants at the MVZ Cardio Centrum Düsseldorf 
GmbH (cardiological practice).

Table  2 presents basic socioeconomic, lifestyle and 
clinical characteristics of our sample. The breakdown of 
our sample into the individual subgroups is as follows: 
LS participants represent 65% (N=48), NLS participants 

represent 19% (N=14) and ULS participants represent 
16% (N=12) of our sample.

Preferences in the study population
Risk preferences
Most participants are risk averse (27%, N=20), followed by 
risk seeking (16%, N=12) and risk neutral (9.5%, N=7). In 
addition, more than 40% of participants did not answer 
the questions consistently, making either no row switches 
(23%, N=17) or multiple row switches (24%, N=18) in the 
MPL (see table 3). In online supplemental appendix D, 
we show that these findings are robust to different non-
parametric methods of risk preference classification, as 
suggested by Engel and Kirchkamp.36

Time preferences
Table  4 shows that around half of the participants are 
impatient, regardless of the time horizon of the task 
(N=36 on average, 49%). For most tasks, except for the 
time horizon of 2 weeks, almost half of the participants 
can be classified as impatient and around 40% as patient. 
For the 2 weeks time horizon, the pattern is the opposite.

Preferences by lifestyle-based categorisation

Risk preferences
Table  3 shows the distribution of risk preferences split 
by LS and NLS diseases. There is a higher percentage of 
LS disease participants who are more risk seeking than 
NLS disease ones, as only LS participants are risk seeking 
(LS 21%, N=10 vs NLS 0%, N=0). In addition, a higher 
percentage of NLS participants are more risk averse 
compared with LS participants (LS 21%, N=10 vs NLS 
43%, N=6).

Time preferences
Figure  1 shows the split of time preferences by time 
horizon (of the five time preferences tasks) and type of 
disease. LS disease participants are more patient than 
NLS disease ones (compared with impatient behaviour), 
with around half of the participants being patient. For 
example, for the 2 weeks task, patient LS disease partic-
ipants account for 54% (N=26) vs 36% (N=5) of NLS 
disease participants. For the 20 weeks task, patient LS 
disease participants account for 48% (N=23) vs 29% 
(N=4) of NLS disease participants.

Table 3  Distribution of risk preferences (N and percentage)

Category
Total
N (%)

LS
N (%)

NLS
N (%)

ULS
N (%)

Risk seeking 12 (16.2) 10 (20.8) 0 (0.0) 2 (16.7)

Risk neutral 7 (9.5) 4 (8.3) 2 (14.3) 1 (8.3)

Risk averse 20 (27.0) 10 (20.8) 6 (42.9) 4 (33.3)

Inconsistent, 
multiple row 
switches

18 (24.3) 12 (25.0) 4 (28.6) 2 (16.7)

Inconsistent, 
no switches

17 (23.0) 12 (25.0) 2 (14.3) 3 (25.0)

LS, lifestyle related; NLS, non-LS; ULS, unclear allocation to 
lifestyle.

Table 4  Distribution of time preferences in participant sample by time horizon (N and percentage)

Time horizon in weeks
N (%) 2 weeks 4 weeks 8 weeks 16 weeks 20 weeks Average

Patient 36 (48.6) 30 (40.5) 29 (39.2) 30 (40.5) 32 (43.2) 31.4 (42.4)

Impatient 31 (41.9) 39 (52.7) 38 (51.4) 38 (51.4) 36 (48.6) 36.4 (49.2)

Inconsistent 7 (9.5) 5 (6.8) 7 (9.5) 6 (8.1) 6 (8.1) 6.2 (8.4)

https://dx.doi.org/10.1136/bmjopen-2023-080867
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DISCUSSION
Main findings
We find (1) that the implementation of the study process, 
including the recruitment of participants and data collec-
tion, ran smoothly. The main challenge was related to the 
conceptual understanding of the specific risk preference 
instrument. We also show (2) that, on aggregate, individ-
uals were more risk averse than risk seeking and more 
impatient than patient. Lastly, we also find (3) that indi-
viduals in the LS group were more willing to take risks 
and more patient than those in the NLS group.

Interpretations and implications for main study
Study procedure
The pilot project shows that our procedure for recruiting 
participants in cardiology clinics and the protocol for 
data collection are manageable and comply with the 
strict guidelines for data collection in the medical and 
economic fields.

Instruments
The pilot data show that many individuals are incon-
sistent when answering the risk preference task. This 
could happen for various reasons, ranging from lack of 
comprehension, boredom or not wanting to engage. 
Age and cognitive status are other potential explana-
tions for inconsistencies and risk seeking profiles, as 
these two groups are significantly older (around 10 
years older) than risk averse and risk neutral groups. 
The average age for risk averse participants is 58 years 
old, for risk neutral is 59, for risk seeking is 70, for 
those inconsistent with no row switches is 67 and for 
those inconsistent with multiple row switches is 69. 
Older individuals could have more problems with 
the cognitively demanding risk preference task and 
understanding probabilities. For our study popula-
tion, who is relatively older (65 years on average) than 
the usual target population in economic experiments 
(eg, University students), there is evidence that given 
the demands on memory and learning from an MPL 

task, the differences in outcomes could be reflecting 
age-related declines in cognitive abilities.37 Based on 
the previous discussion, and in addition to the existing 
instrument, we will include a new survey instrument 
to measure risk preferences in the main study (both 
incentivised and hypothetical). Although all risk 
measurement instruments have advantages and disad-
vantages,33 we will consider the inclusion of general 
risk preference questions (from DOSPERT38) and a 
less cognitively demanding risk preference measure-
ment task, such as the Gneezy and Potters39 lottery 
task or a Balloon Analogue Risk Task.40 Our MPL is 
a more complex method to measure attitudes, as it 
includes trading-off multiple risks involving lotteries 
and interest rate calculations, instead of a single deci-
sion as in, for example, Eckel and Grossman or Gneezy 
and Potters39 41 or a simple framework like pumping a 
balloon or moving boxes.42

Moreover, almost half of our sample is impatient 
regardless of the time horizon of the task. Apart from the 
behavioural interpretation of the overall high degree of 
impatience (see next section), another possible explana-
tion for our results could be that our interest rates are too 
low. This means that the ‘larger amount at a later date’ 
likely needs to be larger in order to induce participants to 
switch options in the time task.

Finally, the results regarding physical activity led to a 
very high proportion of highly active people, which could 
be related to an experimenter demand effect or self-
report bias. The instrument will be adjusted in the main 
study.

Results risk and time preferences of lifestyle subgroups: a 
hypothesis for the main study
We show that participants with LS diseases are more 
risk seeking as expected, however, unexpectedly, more 
patient. This provides us with a novel explanation for 
unhealthy behaviours: individuals never give up a bad 
habit, they simply postpone the latter. For medical 

Figure 1  Distribution of time preferences by lifestyle-based categorisation and time horizon of the task (in weeks).
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purposes, this means that in practice there is a trade-off 
between attitudes towards risk and time that should be 
incorporated when tailoring treatment and check-up 
frequency for patients. For example, a more risk seeking 
and ‘patient’ patient would have a higher chance of skip-
ping taking medication, keeping up with a specific diet, 
a smoking cessation treatment or even stopping their 
medical visits to go back to their bad habits in the long 
term. In terms of medical follow-ups, this could be trans-
lated into a higher frequency of medical check-ups for 
the patient, to make sure that the person follows what is 
prescribed and prevent cardiovascular disease progres-
sion and acute cardiovascular events. Therefore, there is 
a scope to improve adherence to medical recommenda-
tions, especially in the case of LS diseases and to exploit 
the relationship between individual preferences, clinical 
parameters and lifestyle (self-management of illnesses).

Classification of groups of LS and NLS cardiovascular diseases
It is not possible to have a clear distinction between LS 
and NLS cardiovascular diseases. Although a substan-
tial lifestyle component has been shown in the diseases 
defined as LS, they are not being ‘only LS’. The inherent 
complexity of cardiovascular diseases, influenced by both 
genetic and lifestyle factors, adds nuances to our findings. 
A strong genetic influence could be seen, for example, 
in atherosclerotic CVD (hypercholesterolaemia, etc) but 
also in AF. Vice versa, the incidence of NLS diseases may 
be affected by lifestyle factors, too. For the main study, 
we plan to refine the methods to derive the respective 
groups. In particular, we intend to include lifestyle factors, 
and to adjust for other influencing factors in the analyses.

Limitations
One of the potential limitations of our study is that 
it was conducted during the COVID-19 pandemic. 
General safety precautions had to be taken, for 
example, social distancing, wearing an FFP-2 mask, 
disinfecting devices. During the pandemic, overall 
uncertainty was high in terms of risk of infection, 
timeline of vaccine roll-out and return to ‘normality’. 
This could mean that there is a possibility that our 
pilot study results are biased, especially in terms of 
risk preferences. Moreover, the pilot was conducted 
only in specialised care, probably resulting in a 
selected group of participants.

Finally, the pilot study with a limited number 
of participants did not allow to conduct further 
subgroup or regression analyses that include sociode-
mographic characteristics, in particular, gender,43–45 
clinical variables and health-related quality of life. 
However, those variables are available, and we know 
their distributions. This knowledge can be used for 
the power calculation of the main study where respec-
tive analyses will be performed. First descriptive 
results for preferences by gender as well as prefer-
ences by subgroups described by clinical variables are 
provided in online supplemental appendices E and F.

CONCLUSION
This study advances the analysis and joint data 
collection of patient clinical variables, LS and NLS 
cardiovascular diseases and individual economic 
preferences. The pilot’s implementation of the study 
process and results can be used as a basis for the main 
study design. We show that there are differences in 
risk and time preferences between the LS and NLS 
groups: participants with LS diseases are more risk 
seeking as expected, however, unexpectedly, more 
patient. This provides us with a novel hypothesis for 
unhealthy behaviours: individuals never give up a bad 
habit, they simply postpone the latter. For medical 
purposes, this means that in practice there could be a 
trade-off between attitudes towards risk and time that 
should be incorporated when tailoring treatment and 
check-up frequency for patients.
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