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Abstract

Background and Objective Cardiovascular disease is the
main cause of death in Germany and other industrialized
countries. However, until now, little has been known about
how people with acute coronary syndrome (ACS) value
aspects of their medical treatment. The objective of this
study was to evaluate patients’ preferences regarding dif-
ferent antiplatelet medication options following an ACS.

Method After identification of patient-relevant treatment
attributes (a literature review and qualitative interviews), a
discrete-choice experiment (DCE) including five patient-
relevant attributes was conducted. The DCE used a forced-
choice approach in which no “opt out” was present, as no
treatment is not an option after ACS. The attribute and
level combinations were created using a fractional—facto-
rial NGene design with priors. Data analysis was per-
formed using a random-effects logit model. An additional
generalized linear latent and mixed models (GLLAMM)
analysis was performed to evaluate subgroup differences.
Results  ACS patients (N = 683) participated in com-
puter-assisted personal interviews. Preference analysis
showed a clear dominance of the attribute “mortality risk”
(coefficient: 0.803). Ranked second was “side effect:
dyspnea” (coefficient: 0.550) followed by “risk of a new
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myocardial infarction” (coefficient: 0.464) and “side
effect: bleeding” (coefficient: 0.400). “Frequency of
intake” was less important (coefficient: 0.025). Within the
3-class GLLAMM, the variables “marital status”
(p = 0.008), “highest level of education” (p = 0.003), and
“body-mass index” (according to World Health Organi-
zation cluster; p = 0.014) showed a significant impact on
the estimated class probabilities.

Conclusion Our study found “mortality risk” to be of the
highest value for patients. Patient-centered care and decision
making requires consideration of patient preferences;
moreover, the information on preferences can be used to
develop effective therapies after an ACS. The data generated
will enable healthcare decision makers and stakeholders to
understand patient preferences to promote patients’ benefit.

Key Points

Discrete-choice experiments are a suitable and
theoretically grounded method.

Reduction of mortality risk was of the highest value
to patients, followed by all side effects, and mode of
administration, which was not significant.

Information on preferences can be used to develop
effective therapies for acute coronary syndrome.

1 Introduction: Treatment After Acute Coronary
Syndrome

Of the approximately 2 million emergency patients diag-
nosed with acute coronary syndrome (ACS) in Germany
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each year, approximately 15 % have suffered a myocar-
dial infarction [1]. In 2011, approximately 218,253 peo-
ple in Germany experienced a heart attack, of whom
217,681 had an acute myocardial infarction [2]. In the
same year, a total of 55,286 people died from myocardial
infarction [3]. Therefore, the term ACS summarizes the
major forms of heart attack (acute myocardial infarction
and sudden cardiac death) and unstable angina [4]. The
primary goal of ACS treatment is the reduction of the
extremely high mortality rate that characterizes this dis-
ease. This central objective can be achieved by improv-
ing preventive, diagnostic, and therapeutic interventions.
In particular, medicinal therapy with anticoagulant drugs
is an important starting point [5]. After successful acute
treatment, patients are still faced with an increased risk
of a myocardial infarction (re-infarction or post-infarc-
tion), stroke, or similar long-term risks, depending on the
severity of their coronary heart disease [6, 7]. The risk
can only be reduced by targeted (secondary) prevention,
such as lifestyle changes, long-term medical treatment
with B-blockers (P-adrenoceptor antagonists), ACE
inhibitors, angiotensin receptor antagonists, and oral
antiplatelet therapy [5, 6].

Within the different treatment options, allocative
decisions for the optimal ACS treatment or therapy are
usually examined from the perspective of experts. Expert
judgments are focused on clinical effectiveness based on
randomized clinical trials. Furthermore, the value of an
alternative treatment depends on the subjective assess-
ment of different decision criteria by the decision maker.
The question of how ACS patients value different
aspects of their treatment are not always evaluated or
considered. However, a systematic review showed that
the judgments of experts do not always correlate with
the subjective needs or preferences of patients [8].
Treatment goals of the patient are, therefore, not neces-
sarily congruent with defined endpoints of drug therapy
established by medical experts [9]. Therefore, it is nec-
essary to include both sources of evidence (clinical
evidence as well as patient evidence) during the alloca-
tive decision-making process.

Through the analysis of patient preferences it is possible
to analyze patient benefit alongside clinical effectiveness.
Thereby, attributes of new treatments can be identified that
can generate added value to patients. Thus, preference data
can create a new source of information (evidence). In this
way, the added value of innovative treatment options can
be complemented by the patient-perceived benefit based on
clinical trial data [9]. The identification and weighting of
patient-relevant endpoints has recently gained attention in
medical innovation, particularly in the pharmaceutical
market [early benefit assessment by the Institute for
Quality and Efficiency in Health Care (IQWiG)] [10, 11].
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Moreover, regulatory decisions regarding approval and
pricing require explicit or implicit trade-offs between
potential efficacies, risks of side effects, costs, and, in
certain circumstances, mode of administration. IQWiG
proposes that discrete-choice experiments (DCEs) (along-
side analytic hierarchy process [AHP]) should be used in
medical research to display patient preferences [12].
Therefore, the DCE method is seen as appropriate to
answer the present research question: what are the essential
properties of an optimal platelet inhibitor ACS drug ther-
apy (which decreases the platelet aggregation) from the
patient perspective?

Although patient-relevant endpoints are one of the main
topics on healthcare policy-makers’ agenda, very little
patient preference data exist regarding the treatment of
ACS. The identification and weighting of patient-relevant
therapy attributes seems necessary from the patient per-
spective. The aim of the present empirical study was the
estimation of patient preferences for long-term drug treat-
ment after a coronary event. The information of additional
patient benefit and how patients value different treatment
characteristics should be available for all stakeholders.
Therefore, the patient-relevant endpoints essential for
successful treatment were identified, analyzed, and
weighted using a DCE. In addition, a generalized linear
latent and mixed models (GLLAMM) estimation was used
to test for possible subgroup differences.

2 Methods
2.1 Discrete-Choice Experiments

The DCE method is a choice-based version of the conjoint
analysis, which was made possible by the theoretical work
of Lancaster [13] and McFadden [14]. Instead of ranking or
rating different therapeutic features (as in traditional
importance elicitation formats and conjoint analysis), DCE
performs a pair-wise comparison of hypothetical alterna-
tives (differently configured therapy options) and asks the
participants to choose (decide) between them [15], thus
forcing respondents to make trade-offs between attributes,
based on the respective levels of the alternatives. This
method offers practical advantages such as closeness to
reality, as trade-off decisions are part of everybody’s
everyday life. The implementation of pair-wise compari-
sons considerably reduces the degree of complexity of the
tasks for the participants [16—18]. Therefore, DCEs are
increasingly used in health economics and health services
research [19]. The structure and design of a DCE and its
evaluation have multiple steps; several checklists are
available and were considered during the design of the
study [9, 16, 18, 20].
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2.2 Study Design
2.2.1 Decision Model: Attributes and Levels

At the beginning of the study, a systematic literature
review on the indication of the ACS was conducted to
document the available state-of-the-art of treatment options
(PubMed, MEDLINE, and Cochrane Library). The aim of
the search was to identify potential properties and charac-
teristics of long-term ACS treatments using platelet
inhibitors, in general and from the patient perspective. In
total, 243 full texts were included and analyzed.

Prior to the main survey, a preliminary qualitative study
phase was conducted. During qualitative, semi-structured
interviews with ACS patients in a rehabilitation clinic
(N = 10), five treatment characteristics extracted from the
literature were tested to see if they are relevant to the
patient during a potential treatment decision. As all par-
ticipants named all five treatment characteristics to be
important with a treatment decision, their relevance for the
study could be confirmed. Furthermore, patients identified
additional, previously unidentified, treatment attitudes that
would be patient relevant. This allowed for reflection of the
subjective views of the patients surveyed. Moreover, the
interviews were used to evaluate the clarity of the ques-
tionnaire design, the quality of the scales used, and the
understandability of the attributes, levels, and trade-offs
included.

Finally, the preliminary study (AHP with 19 patients)
was used to generate approximate values for the weights of
each treatment attribute or level (with eigenvector esti-
mation). All level characteristics mirrored realistic studies.
This means that within the literature review all relevant and
available randomized controlled trial (RCT) results were
collected and all maxima and minima of the included
attributes were allocated. The level ranges used within the
DCE are centered on the means of the available RCT data.
This approach enabled the use of the estimated preference
weights for regulatory assessments because the levels are
derived from clinical trial data. The attributes and levels
were used for the creation of an optimal experimental
design in the main study.

2.2.2 Data Collection Plan: Sample Size, Stratification,
and Recruitment

The survey was conducted from December 2012 to February
2013 using computer-assisted personal interviews (CAPIs).
The recruitment of patients for the main survey and inter-
views were performed by Kantar Health (Bielefeld). Patients
who were diagnosed with ACS (self reported), hospitalized
because of ACS within the last 2 years, and older than
18 years were included in the survey. Additionally, patients

were asked to indicate whether they suffered from ST-seg-
ment elevation myocardial infarction (STEMI) or non-
STEMI/unstable angina (NSTEMI/UA). The sample strat-
egy used a ratio of 30 % STEMI and 70 % NSTEMI/UA
patients, which corresponds to the actual distribution within
the ACS population [21]. The minimum sample size
according to the Orme calculation (two alternatives, 36
choice sets, three levels) was 29, which is seen as the lowest
possible sample size for main effects estimation [22].

2.2.3 Ethical Considerations

The study is a social science survey and does not contain
personal data (completely anonymous survey), surgeries
(tests, experiments, and medication), biomedical research,
or additional data, as in many epidemiological investiga-
tions. Therefore, a consideration by an ethics board in
Germany was not mandatory. However, all respondents
were informed about the study and its potential risks and
benefits prior to participation and all respondents signed an
informed consent form. Participation was voluntary and
could be stopped at any time. The ethics committee
reviewed the study principles, all informational material,
and the survey instrument, and approved the study (IB:
2268600/12).

2.2.4 Data Collection: Instrument, Elicitation Technique,
Tasks, and Experimental Design

The final decision model was established based on the
qualitative pilot study. Five patient-relevant characteristics,
described by three levels each, were extracted and included
in the main survey instrument.

The DCE contained 13 choice sets of hypothetical
treatment options. Patients were asked to indicate which of
the two therapies shown they would choose in each case
(trade-off relationships; Fig. 1). No opt-out possibility was
given, as “no treatment” is not applicable with ACS. To
simplify the choice tasks for the participants, each level of
each attribute was displayed together with a visual aid.

2.3 Experimental Design

In favor of manageability and minimal participant burden,
a minimum required number of trade-off decisions (choice
sets) for the experimental design were chosen for the DCE.

The preliminary study approximations were used as
priors for the development of the fractional factorial
experimental design [5 x 3 multi-nomial logit (MNL)
design] of the DCE, which was created using NGene
software (ChoiceMetrics Pty Ltd). The selected D-efficient
design (D-error: 0.08572) included 36 choices, which were
divided into three blocks with 12 tasks each. To check the
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Fig. 1 Example choice set of
the discrete-choice experiment

3.1 You have been diagnosed with acute coronary syndrome. Your doctor asks you to decide between
treatment A and treatment B. Which treatment would you choose?

Characteristics Treatment A Treatment B
Frequency of intake . —p
To be taken ... Three times = Once = 2
a day a day
Heart attack risk o HH . : Moderate
... patients suffer from anew heart 5 of 100 o 6 of 100
S Persons (5%) HHH Persons (6%)
Bleedings
5% of the patients suffer from ... Mild £ Moderate & A
bleedings 9 bleedings o9
Shortness of breath *
Patients suffer (short-term) from .. Severe ~A No
Dyspnea Dyspnea
Risk of death oW v High " ug|
| i _mssaes 8|
... patients die. 4 of 100 7“-7. 6 of 100 n -...
Persons (4%) Persons (6%) H
o o
N | 4 ‘

consistency of responses in each set, the first choice was
repeated at the end. Thus, each participant had to answer 13
DCE choice tasks. Moreover, a dominant choice set was
presented at the beginning. Failure of both consistency tests
led to exclusion of the dataset.

During conduct of the survey, a randomization of attri-
bute order was included within the instrument. Each par-
ticipant saw a different order of attributes.

2.4 Data Analysis: Data Structure, Statistical Model,
Subgroup Analysis, and Interpretation

The estimation of DCE parameters was performed using
linear main effects models and GLLAMM using STATA®
10 (StataCorp LP, College Station, TX, USA). Effect
coding was applied within all model estimations. The
“best” level by content was coded positive. The effect
coding coefficients show the difference to the grand mean.
Therefore, it is likely that the middle category of a three-
level attribute will be close to the grand mean and thus less
likely to significantly differ from the grand mean. Fur-
thermore, the level margins were presented using level
difference method and an additional normalization was
conducted (Fig. 2). For all analyses, statistical significance
of p < 0.05 was applied.

The GLLAMMs were fitted using an MNL link function
and binomial distribution for the binary response. At the
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beginning, a main effects model (1-class model), which
assumes that the population of respondents is homogeneous
in the weighting (expected utility), was calculated for each
attribute. In addition, “multi-group models” (2-class,
3-class, and 4-class GLLAMMSs) were calculated by
specifying latent class models using a discrete random
coefficients vector. Identification of groups made it possi-
ble to identify patterns related to these groups using
structural variables. The group models thus provided
information about the likelihood of possible patients falling
into a specific group based on the respective structural
variables. “Likelihood ratio tests”, Akaike Information
Criterion (AIC), and Bayesian Information Criterion (BIC)
were used to check the accuracy of the model, determine
the most appropriate model, and test for parameters that
might improve the model fit.

3 Results

3.1 Results of the Literature Review and Personal
Interviews

After content analysis of the interviews, five final criteria
were determined (three levels each) which were used for
the quantitative DCE survey. A patient-friendly introduc-
tion with a short explanation about the content of each
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*The connecting lines for the categorical variables serve only as vision aid and not

for linearity demonstration.

attribute and the segmentation of the related levels was
given to the participants (Table 1). The description of the
attribute levels was created in the style of the classification
scheme of the US Department of Health and Human Ser-
vices and the Office of Human Research Protection of the
US FDA [23].

3.2 Results of the Main Survey
3.2.1 Respondents’ Characteristics

A total of 743 complete records were transferred to the
database. After an internal consistency test and the

exclusion of all invalid questionnaires, 683 patients were
included in the final quantitative data analysis.

3.2.2 Sociodemographic Data

About half of the study participants (58.9 %) were male.
The youngest patients were between 23 and 27 years old
and the oldest patients were between 88 and 92 years. The
largest age group of patients surveyed (47.6 %; N = 325)
were between 53 and 67 years old. Nearly two-thirds of the
patients were married (66 %). The highest proportion
within educational levels was an intermediate high
school certificate (27.1 % of respondents). In regard to
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Table 1 Attributes of antiplatelet drug therapy after acute coronary syndrome and their patient-friendly descriptions

Attribute Description for patients

Risk of death Regardless of the chosen drug therapy, some patients still die from the consequences of acute coronary syndrome (mild
or severe myocardial infarction). Risk of mortality refers to all deaths that occur during 1 year of long-term therapy
after mild or severe heart attack. Depending on the type of drug therapy, 4-6 % of patients die. This means that of 100

patients treated, 4—6 people die within a year [24, 25]
[Level range explanations: low risk of death: 4 out of 100 (4 %) treated patients will die within 1 year. 96 patients will
survive. Identical sentence structure for medium (5 %) and high (6 %) risk]

Risk of a new heart
attack

Following a mild or severe heart attack, a new heart attack can occasionally occur. A new heart attack is an acute and
life-threatening event. Parts of the heart muscle will die due to a circulatory disorder. The main symptoms are heavy
pressure sensation behind the sternum with chest pain and radiating pain, usually in combination with fear. Common
symptoms are low blood pressure, low pulse, pallor and cold sweats, nausea, and (rarely) vomiting. Depending on the
type of drug therapy, 57 % of patients experience a recurrent heart attack. That means that, within a year, of 100
people treated, 5—7 patients suffer a recurrent heart attack [24, 25]

[Level range explanations: low risk of new heart attack: 5 out of 100 (5 %) treated patients will suffer a new heart
attack within 1 year. 95 % will not have a new infarct. Identical sentence structure for medium (6 %) and high (7 %)
risk]

A side effect of treatment after a minor or major heart attack is the occurrence of bleeding. This includes, for example,
blood in urine, blood in the eye, blood in cough or expectoration, menstrual bleeding that occurs at other times or more
than the normal period, bleeding from the stomach (ulcer), or bleeding gums. Examples of bleeding that can occur
frequently are nose bleeding, blood in stool, bleeding after surgery, and bleeding from cuts or wounds that are stronger
than normal. The bleeding may be divided according to severity into “mild”, “moderate”, and “severe” [24]

Bleeding

[Level rang explanations: 5 % of patients suffer from mild bleeding (must be treated, but there is no hospital stay
required); moderate bleeding (must be treated, a hospital stay is required); or severe bleeding (must be treated
surgically, a hospital stay is immediately necessary, may be fatal)]

Shortness of breath Shortness of breath is also known as “dyspnea” or “breathlessness”. A person temporarily has the feeling of being
unable to breathe. When people have severe shortness of breath they have an oppressive feeling or even fear to choke.
They breathe intense and can hardly breathe freely. A feeling of shortness of breath may be due to your heart disease
or any other cause. It can also be a side effect of a drug used after heart attack. The shortness of breath is usually only
noticeable in the short-term and not present over the entire period of drug therapy. The feeling of air shortage is also
not associated with impairment of the respiratory system. Depending on the type of drug therapy, 5-15 % of patients
suffer from short-term breathlessness, i.e., 5—15 out of 100 patients treated suffer from short-term breathlessness
within 1 year of therapy [24, 26-29]

[Level rang explanations: patients suffer (short-term) from no shortness of breath (no signs or symptoms), moderate
shortness of breath (unpleasant and sufficient to impair normal activities), or severe shortness of breath
(incapacitated, normal activities cannot be executed)]

Frequency of intake Treatment after a minor or major heart attack requires the intake of medication. Depending on the type of drug therapy,
the medication has to be taken 1-3 times daily [24]

[Level range explanations: to be taken once, twice, or three times a day]

employment status, 259 patients surveyed (37.9 %) were in
retirement and 236 (34.6 %) were employed full-time at
the time of the survey (Table 2).

3.3 Results of the Discrete-Choice Experiment

Overall, 8.879 choice-decisions from the DCE choice task
could be included in the final estimations. Table 3 shows
the results of the multivariate analysis for long-term ACS
drug therapy.

It can be seen that four of the five enclosed attributes led
to significant values. Only “frequency of intake” does not
show significant values. From the coefficients obtained
from the DCE, the treatment characteristics appear in
the following chronological order: (1) “mortality risk”
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(coefficient: 0.803); (2) “side effect: dyspnea” (coefficient:
0.550); (3) “risk of a new myocardial infarction” (coeffi-
cient: 0.464); (4) “side effect: bleeding” (coefficient:
0.400); and (5) “frequency of intake” (coefficient: 0.025).
The same order also resulted from the calculation of the
level difference, which is shown in the last column of
Table 3.

Figure 2 is used to better illustrate the coefficients in
terms of the average importance of the endpoints (nor-
malized to 10). All significant properties show an approx-
imately linear behavior, which confirms the basic
assumption of the calculation models. It can be seen that
the middle level of each attribute is near zero on the x-axis,
which is another assumption of the underlying calculation
model and hereby confirmed.
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Table 2 Sociodemographic structure of patient sample

Sample characteristics (N = 683) Percentage N

(%)
Gender
Valid 100 683
Male 58.9 402
Female 41.1 281
Age groups (years)
Valid 100 683
18-37 years 6.3 43
38-52 years 25.0 171
53-67 years 47.6 325
68-82 years 19.3 132
83 years and older 1.8 12
Marital status
Valid 100 683
Married 66 451
Widowed 12.4 85
Divorced or separated 9.2 63
Single 6.7 46
In a relationship, but not married 5.6 38
Education level
Valid 100 683
No degree 2.2 15
Junior/middle school certificate 22.1 151
Intermediate high school certificate, secondary 27.1 185
school certificate
Advanced technical certificate 104 71
High school diploma (Abitur in 15.4 105
Germany = university entrance qualification)
Completed technical college 13.6 93
University degree or higher 9.2 63
Employment status
Valid 100 683
Employed full-time 34.6 236
Employed part-time 8.6 59
Self-employed 4 27
Homemaker/housewife 6.6 45
Student 0.6 4
Retired 37.9 259
Disabled/unable to work 5.1 35
Unemployed, but looking for work 1.9 13
Unemployed, not looking for work 0.7 5
Indication group
Valid 100 683
STEMI 30.3 207
NSTEMI/UA 69.7 476

NSTEMI/UA non-ST-segment elevation myocardial infarction/unsta-
ble angina, STEMI ST-segment elevation myocardial infarction

3.4 Results of the Latent Class Model and Analysis
of Subgroups

3.4.1 Preference Differences Depending on Structural
Variables

To identify possible subgroup differences starting from the
initial main effects model, a 2-class model and, subse-
quently, a 3-class model were generated. Based on the
examination of model fit using the AIC and BIC (both
indicators for the assessment of overall quality of models),
the 3-class model could be identified as suitable for the
illustration of existing heterogeneity in response behavior
as well as for the representation of the probable allocation
of patients per group (Table 4).

Preference Patterns Class 1 The preference pattern of
Class 1 (N =199; 29.1 %) shows that the attributes
“bleeding” and “risk of a new myocardial infarction”
are weighted highest. The attribute “mortality risk” is
ranked third. This suggests that respondents within this
class are weighting this attribute less than participants
within the other two classes. For the mode of adminis-
tration attribute “frequency of intake”, no significant
coefficient was calculated, which would indicate that this
attribute again had no effect on the decision of this
subpopulation.

Preference Patterns Class 2 The preference pattern of
Class 2 (N = 279; 40.8 %) is very similar to the linear
model for the estimation of the main effects (relative
importance). In comparison to the main model, four of the
five enclosed attributes led to significant values and “fre-
quency of intake” still does not show a significant estimate.
Characteristic of the second class, however, is that the side
effect attributes “bleeding” and “dyspnea” have nearly
identical coefficients, and the differences between the
outcome attributes and the side effect attributes are higher
than in either the first or third class or than in the main
effects model. Furthermore, “mortality risk” presents an
outstanding high coefficient, which allows the assumption
that this attribute has a clear dominant position within the
decision of this subpopulation.

Preference Patterns Class 3 1t is striking in the evaluation
of the preference pattern in Class 3 (N = 205; 30 %) that
the weighting of the side effect “dyspnea” is much higher
than either in the first or second class or than in the main
effects model. Furthermore, for the first time “frequency of
intake” shows a clear tendency towards being a significant
coefficient (p = 0.04), which would indicate that this
attribute has a more important role within this
subpopulation.
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Table 3 Estimated parameters of multi-attributive logit model (discrete-choice experiment)

Attribute Level Coefficient ~ Standard z P>z 95%CI Difference
error (highest — lowest level)
Mortality risk Low 4 % 0.803 0.03 24.71 0.00 0.737 to 0.865 1.7050
Moderate 5 % 0.098 0.02 4,89 0.00 0.061 to 0.139
High 6 % —0.902 0.04 —23.12  0.00 —0.975 to —0.821
Risk of a new myocardial Low risk 5 % 0.464 0.03 15.08 0.00 0.399 to 0.523 0.9647
infarction Moderate risk 6 % 0.037 0.02 1.72 0.085 —0.004 to 0.077
High risk 7 % —0.501 0.04 —13.58 0.00 —0.576 to —0.421
Side effect: bleeding Mild bleeding 0.400 0.03 13.68 0.00 0.342 to 0.459 0.9099
Moderate bleeding 0.110 0.02 5.13 0.00 0.065 to 0.151
Severe bleeding —0.510 0.04 —13.95 0.00 —0.578 to —0.437
Side effect: dyspnea No dyspnea 0.550 0.03 19.60 0.00 0.492 to 0.603 1.1577
Moderate dyspnea 0.058 0.02 2.77 0.006 0.016 to 0.099
Severe dyspnea —0.608 0.04 —17.02  0.00 —0.677 to —0.537
Frequency of intake Once a day 0.025 0.02 1.13 0.258 —0.018 to 0.067 0.0415
Twice a day —0.016 0.02 —0.64 0519 —0.068 to 0.031
Three times a day ~ —0.009 0.03 —0.27  0.790 —0.074 to 0.061

Log likelihood = —5,290.43; number of respondents = 683; number of observations = 8,879

Table 4 Estimated parameters of latent-class model

Attribute

Parameter (standard error)

Class 1 coefficient

Class 2 coefficient

Class 3 coefficient

Mortality risk

Risk of a new myocardial infarction

Side effect: bleeding

Side effect: dyspnea
Frequency of intake

Proportion of patients per class

0.3954 (0.0824)%#
0.5467 (0.0782)%**
1.0779 (0.0857)%+*
0.3711 (0.0754)%**
0.0067 (0.0552)*
199 (29.1 %)

Constant per class —0.0220 (0.1509)

2.5693 (0.1864)%#*
1.1550 (0.1046)%%*
0.7009 (0.0917)%**
0.8899 (0.0773)%**
0.0173 (0.0563)*
279 (40.8 %)
0.2706 (0.1578)

0.6337 (0.0840)***

0.6098 (0.0847)%***

0.3293 (0.0751)***

1.2263 (0.0868)***

0.1120 (0.0546)**
205 (30 %)

Log likelihood: —4,415.5241; LR xz(ll) = 487.65; Probability > x2 = 0.0000; AIC: 8,895.05; BIC: 9,144.16
XZ chi-squared, AIC Akaike Information Criterion, BIC Bayesian Information Criterion, LR likelihood ratio

* p = not sign., ** p < 0.05, "p < 0.001
3.4.2 Evaluation of Structural Variables for All Classes

Within the 3-class GLLAMM, the variables “marital sta-
tus” (p = 0.008), “highest level of education”
(p = 0.003), and “body-mass index” (BMI; according to
World Health Organization cluster; p = 0.014) showed
significant impact on the estimated class probabilities.

Class 1 is likely to have a higher proportion of the
marital status “widowed” (17.7 %) than in Class 2
(10.0 %) or Class 3 (11.2 %). Furthermore, divorced peo-
ple are more likely to be in Class 3 (13.2 %) than in
Class 1 (6.0 %) or Class 2 (8.6 %). It seemed that the
people who are involuntarily alone might give more
importance to the side effects than to the outcome attribute
as displayed in Classes 1 and 3.
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With regard to the education level, people with “inter-
mediate high school certificate, secondary school certificate”
were more likely to be in Class 3 (30.7 %) than in Class 2
(22.9 %), whereas people with “completed technical col-
lege” are more likely to be in Class 2 (20.8 %) than in Class 3
(8.2 %) or Class 1 (9.0 %). With respect to the higher edu-
cated proportion within Class 2, it may be assumed that the
importance of the outcome attribute “mortality risk” is more
anticipated and, therefore, weighted higher than the side
effect attributes, as displayed within the other two classes.

People in the higher BMI group [30-35 (obesity)] are
more likely to be in Class 3 (15.1 %) than in Class 2
(10.0 %), whereas people in the lower BMI group [20-25
(normal weight)] are more likely to be in Class 2 (30.5 %)
than in Class 3 (20.0 %). It might be reasonable to expect
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that overweight people already face problems with
breathing and, therefore, put more importance on this
attribute, which would explain the dominance of the attri-
bute “dyspnea” in this group.

The sociodemographic characteristics “age” (divided
into four groups; p = 0.088), “gender” (p = 0.294),
“family structure/living situation” (p = 0.576), and “risk
perception” (p = 0.300) did not influence the calculated
latent class model. It is concluded that these characteristics
have no influence on the different preference patterns in the
present decision-making model.

4 Discussion: Interpretation of Preference Data

4.1 Interpretation of Discrete-Choice Experiment
Results

The results show that four of the five included treatment
attributes are relevant to patients in the decision-making
process for a drug therapy after ACS. The non-significance
of “frequency of intake” suggests that this attribute has no
relevance within the decision-making process for patients.
More simply, it does not matter to the patient whether he or
she has to take the tablets once, twice, or three times a day,
as long as the therapy reduces the risk of death. Therefore,
the reduction of “mortality risks” is most important to
patients when deciding on a long-term ACS treatment.
Hence, clinical evaluation and the assessment of patient
preference are in concordance.

As can be seen, the original hypotheses could be con-
firmed within the results. The “mortality risk” is the
dominant attribute in prioritization of therapy alternatives.
“Mode of administration” and “side effects” are domi-
nated by the endpoint “mortality”.

It was surprising that “side effect: dyspnea” was in
second place within the preference weighting of the main
effects model and rated higher than possible “bleeding”.
An explanation for this could be that patients are affected
by shortness of breath in their daily lives which allows
them to perform fewer activities by themselves, e.g.,
walking stairs causes problems. Therefore “dyspnea”
might be associated with restriction of achievement
potential and a possible reduction in quality of life. “Pos-
sible bleeding” is more likely connected to a necessary
medical intervention. “Bleeding” might be seen as treat-
able and, thus, might be perceived as “less restrictive”,
even if it can have life-threatening consequences. At the
same time, many ACS patients have already experienced
shortness of breath and the associated consequences.
Bleeding as a side effect, which in severe cases can be life-
threatening, is valued much higher within clinical trials and
usually represents a primary safety endpoint [24].

The huge benefit expectations related to low “mortality
risk” shows that a high degree of acceptance can be
expected for a drug therapy that provides this benefit. The
consideration of patient preferences in therapeutic deci-
sions implies stronger patient focus and can be valuable in
the development of new drug therapies for the treatment of
ACS.

4.2 Limitations of the Study

DCEs could be used to estimate patient preferences suc-
cessfully within the indication of ACS. Nevertheless, some
limitations should be mentioned. As preferences can be
influenced by various conditions, the information provided
(properties and characteristics) and the experiences of
patients within the indication, as well as cognitive skills,
can play a role in this [30, 31]. Therefore, preferences may
vary depending on the decision context. This has to be
taken into consideration during the interpretation of the
results. Furthermore, it should be mentioned that the level
ranges of the attributes have an influence on respondents’
choices. The realistic level range of dyspnea from “no
dyspnea” to “severe dyspnea” might have influenced the
relative importance of this attribute because all other
attributes had no “zero (none)” level. In addition, a new
methodological discussion is the issue of potential rescal-
ing effects within preference estimates. To be able to test
this aspect, a validity test of sensitivity to scope should
have been included. As this was not part of the empirical
study, this issue needs to be addressed in further method-
ological research.

One further issue that might be raised is that only patients
with a self-reported diagnosis were part of the inclusion
criteria. To ensure valid recruitment, Kantar Health used
specific recruitment strategies to guarantee the right par-
ticipants, and CAPIs ensured the quality of the participants.
Finally, it should be noted that the use of a market research
company panel for recruitment may have influenced some
individual parameters of the study population, and that there
is always the possibility that patients may not have read the
preliminary information appropriately.

5 Conclusion

The measurement of the priorities, expectations, and pref-
erences of patients showed that reducing “mortality risk”
is by far the most important criterion in ACS drug treat-
ment. Thus, this endpoint holds decisive importance for
ACS treatment and dominates relevance in patients’ deci-
sions regarding a possible choice of therapy. In the context
of this study, it could be demonstrated that use of the DCE
is an appropriate method to identify and weight patient-
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relevant characteristics in terms of possible treatment
alternatives. Moreover, DCE is characterized by a high
degree of realism and an appropriate measure for the
patient.

This empirical DCE study was able to evaluate the most
important attributes of optimal drug therapy for the treat-
ment of ACS from the ACS patient perspective. Subse-
quently, it revealed how patients evaluate the different
potential aspects of drug therapy. DCEs therefore present a
practical approach that can improve communication
between patients, providers, and other stakeholders. In
addition, the DCE method has the potential to support
clinical decision making (e.g., within clinical practice or
Health Technology Assessment decisions) and to improve
the quality of patient care in the long term, and therapies
can be designed based on patient-oriented findings.
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