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Abstract
Introduction  Recent reviews on patients’ preferences towards attributes of oral anti-coagulant therapy have shown that 
preference for convenience of therapy is heterogeneous. In this study, we used a novel approach—latent class analysis 
(LCA)—to assess heterogeneity.
Methods  We developed a health preference survey that consisted of 12 discrete choice questions. The following attributes 
of convenience were included: intake frequency; need for regular coagulation monitoring; diet or drug interactions; relation 
between medication and food intake; and pill type. Background questions about gender, age, current therapy [i.e., direct-
acting oral anti-coagulant (DOAC) or vitamin K antagonist (VKA)], self-reported medication adherence, and pill burden 
were included. Mixed logit analysis (MLA) and LCA were performed. The scale-adjusted LCA model with two scale classes 
and four preference classes emerged as the model with the best fit and interpretability.
Results  A total of 508 patients with non-valvular atrial fibrillation from five European countries (Germany, Italy, Spain, 
France, and the UK) were surveyed in August 2017. The most important attributes were need for monitoring (37%) and intake 
frequency (27%). Patient preferences were significantly influenced by country, gender, and current anti-coagulant therapy. 
Four different preference classes of patients were identified in the LCA. First, most patients (57%) were in the “no need for 
regular coagulation monitoring” class. Current DOAC users and patients who were the least adherent to therapy were more 
likely to prefer no coagulation monitoring. Second, 20% of patients were in the “balanced” class of patients. Current VKA 
users with moderate adherence were more likely to be in this class. Patients who reported the lowest adherence were most 
likely in the “once daily, interactions likely” class (16%). Fourth, current VKA users and highly adherent patients were most 
likely to prefer therapies with a need for regular coagulation monitoring (7%).
Conclusions  This study demonstrated significant preference heterogeneity among patients with atrial fibrillation and linked 
these preferences to differences in background characteristics. Country of residence and currently prescribed therapy influ-
enced patient preferences in both the MLA and LCA models.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4027​1-020-00420​-z) contains 
supplementary material, which is available to authorized users.
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1  Introduction

Non-valvular atrial fibrillation (AF) is the most common 
heart rhythm disturbance [1]. AF is associated with a sub-
stantial increase in the risk of ischemic stroke [2]. Tradi-
tionally, vitamin K antagonists (VKAs) were prescribed to 
mitigate this risk. During the last decade, multiple direct-
acting oral anti-coagulants (DOACs) have been approved 
for clinical use. This has broadened the options for anti-
coagulant therapy in patients with AF [3, 4]. Recent system-
atic reviews showed that DOACs are at least as effective as 
VKAs in preventing ischemic stroke and that some DOACs 
might have a better safety profile than VKAs [3, 4]. Some 
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experts argue that DOACs should be the preferred choice 
because of their safety profile and the absence of a need 
for regular coagulation monitoring [5]. Others have stated 
that DOACs are associated with poor adherence and are not 
always superior to VKAs in routine clinical practice [6]. Yet, 
DOACs are regarded as a valuable alternative to VKAs, and 
their use is increasing [7].

The choice of therapy in AF is a preference-sensitive 
decision, determined by a trade-off between perceived 
advantages and disadvantages of VKAs and DOACs. In 
this context, European guidelines [7] advise consideration 
of patient-related clinical factors, product characteristics, 
and patient preference, thereby promoting shared decision 
making. Several recent studies addressed preference for anti-
coagulant therapy in patients with AF. To most patients, 
reducing stroke and bleeding risk is most important [8, 9], 
but most DOACs have similar benefit–risk profiles on a pop-
ulation level. DOACs differ mostly from VKAs in conveni-
ence attributes (e.g., intake frequency, regular coagulation 
monitoring, or drug/food interaction) [10]. With regard to 
convenience of treatment, once-daily intake and no need for 
regular coagulation monitoring were found to be the most 
important attributes of anti-coagulation therapy; however, 
there is considerable heterogeneity in patient preference [8, 
9]. Heterogeneity in preference may be attributed to differ-
ences in sociodemographic characteristics, currently used 
anti-coagulation therapy, and preference elicitation method.

Previous studies used observational study designs, quali-
tative interviews, trade-off techniques such as standard gam-
ble and time-trade off, conjoint analysis, the threshold tech-
nique, or discrete choice experiments to elicit preferences 
[8]. In this study, a discrete choice experiment was used to 
elicit preferences for therapy in AF, because this technique 
enables us to estimate the impact of different attributes of 
therapy on preference for treatment, and different approaches 
to address heterogeneity in discrete choice experiment data, 

such as latent class analysis (LCA) and mixed logit analysis 
(MLA) are available [11].

The objective of this study was to further explore prefer-
ence heterogeneity for convenience of anti-coagulant therapy 
in patients with AF. The second objective of the study was 
to use LCA, which has not been used in this context to study 
heterogeneity. The results of the LCA were compared with 
the results of an MLA.

The results should provide further insight for clinicians 
into the different trade-offs that they may expect in patients 
with AF who have to choose treatment. This knowledge may 
facilitate shared decision making, and it may ultimately help 
improve therapy adherence.

2 � Methods

The good practice guidelines for conjoint analysis were used 
to develop the questionnaire that was used in this study [12, 
13].

2.1 � Attributes of Convenience of Anti‑coagulant 
Therapy

The initial list of attributes of convenience in anti-coagula-
tion therapy was determined by a combination of literature 
review, focus group sessions with patients in five European 
countries [10, 14], and expert consultation. The initial list of 
attributes consisted of seven attributes: [1] need for coagula-
tion monitoring; [2] dosing regimen; [3] intake frequency; 
[4] pill type; [5] interactions with foods and/or drugs; [6] 
need for bridging/antidote; and [7] distance to the practi-
tioner. In an individual interview by phone, five experts in 
the treatment of patients with AF from the different countries 
in Europe were questioned about the convenience attributes 
they considered relevant in prescribing treatment. This did 
not result in additional attributes. In the second stage, the 
list of attributes from the literature was discussed. Based on 
this discussion, two attributes were omitted. Distance to the 
practitioner was irrelevant to this study since this attribute is 
not specific for patient or drug, but for the healthcare system. 
Bridging was omitted, because a trial demonstrated that not 
using bridging anti-coagulation was non-inferior to periop-
erative bridging [15]. The experts argued that patient educa-
tion in clinical practice could take away fears about exces-
sive bleeding as a result of anti-coagulation therapy in the 
case of accidents or surgery, and this should not be included 
as an argument for or against one type of anti-coagulant 
therapy. The final list of aspects of convenience consisted of 
five attributes with two or three levels: (1) intake frequency 
(once-daily/twice-daily); (2) regular coagulation monitor-
ing and possible dose adjustments (required/not required); 
(3) diet and/or drug interactions (likely/unlikely); (4) pill 

Key Points for Decision Makers 

The most important attributes of anti-coagulation ther-
apy are the need for monitoring and intake frequency.

Preferences for anti-coagulation therapy in patients with 
atrial fibrillation differed between patients from the UK, 
Spain, Germany, France, and Italy, between men and 
woman, and between current users of vitamin K antago-
nists and direct-acting oral anti-coagulants.

Similar covariates that explained heterogeneity in prefer-
ences were identified with the latent class analysis and 
mixed logit analysis.
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intake (must be taken with food/can be taken with or without 
food); (5) pill type (capsule, tablet, or a tablet that dissolves 
in the mouth). The tablet that dissolves in the mouth is not a 
characteristic of a currently marketed product but was added 
as a potential improvement to existing therapy. In the sur-
vey, these attributes and their levels were explained to the 
respondents in lay language.

2.2 � Discrete Choice Experiment

To elicit patient preferences, a discrete choice experiment 
was used, and each choice question consisted of two hypo-
thetical anti-coagulation therapy scenarios. In each discrete 
choice question, patients were asked to indicate which anti-
coagulation therapy they would choose if the two therapies 
presented were the only two options available (Fig. 1). Prior 
to each question, patients were instructed that the safety 
and efficacy of both hypothetical therapies were equal. All 
possible combinations of attributes and levels resulted in a 
potential 48 (24 × 31) scenarios and 2256 (48 × 47) choice 
sets. A fractional factorial design was developed in R. The 
design consisted of 12 choice sets, randomly assigned over 
two versions of the survey. The design was fully balanced 
and orthogonal, with the three-level attribute appearing eight 
times and the two-level attribute appearing 12 times. No 
overlap was allowed.

2.3 � Questionnaire Design

The discrete choice experiment was part of a larger question-
naire. This consisted of the following sections: (A) screen-
ing questions on age, gender, co-morbidity, and current and 
previous anti-coagulation therapy; (B) explanation of attrib-
utes and levels, after which patients were asked to select the 
characteristic (level) of their current therapy for each attrib-
ute; (C) discrete choice experiment regarding convenience 
of treatment, as described above; (D) a risk–benefit trade-off 
between stroke prevention and bleeding risk using a trade-
off exercise; (E) attitude and knowledge of anti-coagulation 
therapy [16]; and (F) general health and socio-demographic 
characteristics. The questionnaire was pre-tested in patients 
with and without AF to ensure comprehension and feasibil-
ity (n = 10).

2.4 � Data Collection

Patients from five European countries (Germany, Italy, 
Spain, France, and the UK) taking oral anti-coagulants for 
AF-related stroke prevention were surveyed in August 2017. 
Patients were recruited on a voluntary basis via the Institute 
for Marketing Research (Frankfurt, Germany). This agency 
has a database of existing patients with AF, and additional 
patients were invited to participate through their medical 

doctors. Patients were eligible for study inclusion if they 
(1) were at least 18 years old, (2) had been diagnosed with 
non-valvular AF, and (3) received continuous oral anti-coag-
ulants (either VKAs or DOACs) for at least 3 months before 
the date of study inclusion. A sample size of 100 patients per 
country was deemed sufficient to estimate parameter coeffi-
cients, given a rule of thumb for discrete choice experiments 
[17]. The study proposal and survey design were deemed 
exempt from the Medical Research Involving Human Sub-
jects Act by the institutional review board of the Univer-
sity of Twente. The board judged whether the study met the 
criteria for medical ethical review in the Netherlands. The 
market agency made sure that the way in which respondent 
background characteristics were collected in the survey met 
the data privacy regulations in each country.

2.5 � Statistical Analysis

2.5.1 � Background Characteristics

Descriptive statistics were used to study patients’ soci-
odemographic and treatment-related characteristics. Edu-
cational level was categorized as low, medium, or high 
using the International Standard Classification of Educa-
tion (ISCED [18]. Annual stroke risk was calculated using 
the CHA2DS2-VASc risk score, and annual bleeding risk 
was calculated using the HAS-BLED score, based on self-
reported co-morbidities [19]. Potential statistical differences 
between VKA and DOAC users were tested using Pearson’s 
Chi squared test and the independent t tests in SPSS. P val-
ues < 0.05 were considered statistically significant.

2.5.2 � Choice Data

The discrete choice data were analyzed using a mixed logit 
model and a latent class model. In the discrete choice experi-
ment, six respondents were straight-liners, which means 
that they either chose the left or right scenario in all ques-
tions. Data analysis with and without these respondents 
yielded similar results for both models, and the data from 
all respondents was included in the analysis.

2.5.2.1  Mixed Logit Model (MLA)  The aim of the MLA was 
to quantify the average impact of attribute levels (coeffi-
cients β) on the preference for treatment and to establish 
the individual specific variation in preferences between 
respondents [20]. The mixed logit model is described in the 
article by Hauber et al. [13]. MLA was performed using R 
Statistical Software [21].

For each attribute level, both the mean coefficient (β) and 
the standard deviation (SD) of the effects across the sample 
were estimated. Dummy coding was used for the attributes 
in the analysis, where the reference level has a value of zero, 
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Fig. 1   Example of a discrete choice question. The five attributes and 
their levels were organized into pairs of hypothetical medication pro-
files. Both options include all attributes: intake frequency, coagula-
tion monitoring, drug/food interaction, pill intake, and pill type, but 
differ with regard to the attribute levels. Patients were asked repeat-

edly which anti-coagulant they would choose if the two profiles in 
each question were the only two anti-coagulants available and equal 
effectiveness and safety of the drugs presented in the profile was 
assumed



449Heterogeneity in Preferences for Anti-coagulant Use in AF

except for the effect of country in the multivariate analysis. 
The statistical tests associated with the regression coefficient 
reflect the statistical significance of the difference between 
each level and the reference level [13]. Attribute importance 
(AI), i.e., the impact on the value of a treatment option of 
changing one attribute level to another level of the same 
attribute regarding the overall preference for treatment, was 
calculated using profile-based normalization as described 
by Gonzalez et al. [22]. In profile-based normalization, AI 
is presented as the proportion of the change in utility in 
going from the absolute worst to the absolute best treat-
ment profile. Mixed logit models were estimated with the 
assumption of normalized coefficient distribution. The fit of 
the model was judged based on the log likelihood (LL). The 
fit of the model without correlation (LL 3444.4) was better 
than the model with correlation (LL 3432.5) between coef-
ficients. Univariate and multivariate models were estimated. 
The multivariate model with the co-variates gender, current 
DOAC, adherence, and country of residence had the highest 
fit (LL 3366.4).

2.5.2.2  Latent Class Model (LCA)  The main aim of the LCA 
was to further examine preference heterogeneity in the 
respondent data and to link differences in preferences to dif-
ferences in background characteristics. Preference heteroge-
neity is the degree to which preferences for anti-coagulation 
therapy vary between respondents, i.e., the extent to which 
different respondents have different preferences. Scale het-
erogeneity reflects the variation in the respondents’ choice 
consistency [23]. Highly consistent respondents have a 
lower error variance than less consistent respondents [24]. It 
is assumed that highly consistent respondents have stronger 
preferences or, in other words, are more certain of their pref-
erences. The Scale-Adjusted Latent Class (SALC) model 
enables a simultaneous estimation of preference and scale 
heterogeneity [25]. Using the SALC approach, respondents 
are described as having a probability of being in a latent 
preference class, which distinguishes their preferences for 
therapy from other respondents in another class; simultane-
ously, they are described as having a probability of being in 
a latent scale class, which distinguishes the consistency in 
(the “strength of”) their preferences. The number of scale 
(sClass) and preference (pClass) classes in this study were 
determined using an iterative approach, where the ultimate 
model was selected based on model fit [the Bayesian infor-
mation criterion (BIC)] and interpretability of the model 
(fewer classes are preferred). Age, gender, country, cur-
rent coagulation therapy, and drug adherence were added 
as covariates to study whether these observed factors influ-
enced preferences.

3 � Results

3.1 � Background Characteristics

A total of 508 patients (62% male) from five Euro-
pean countries completed the survey. Patients were aged 
57.2 ± 15.0 years. With regard to type of pill used, 37% 
(n = 188) of patients took DOACs and 63% (n = 320) VKAs. 
DOAC users had a lower educational level and a lower 
annual household income, were less often employed and 
more often male, and they had a higher daily pill burden (6.5 
pills vs. 5.4 pills) as compared to VKA users. Of the current 
DOAC users, almost 40% had used a VKA in the past. VKA 
and DOAC users were similar in their risk profiles for stroke 
and bleeding. The sociodemographic and treatment-related 
characteristics of the patients are presented in Table 1.

3.2 � Self‑Reported Adherence

Self-reported adherence in the study sample was high. A 
total of 57.7% (n = 293) of respondents indicated that they 
rarely missed or skipped a dose (high adherence), 34.3% 
(n = 174) occasionally missed or skipped a dose (high to 
moderate adherence), and 7.5% (n = 38) sometimes missed 
or skipped a dose (moderate adherence). Only three respond-
ents (0.6%) reported that they often forget or skip a dose. 
No difference was found in self-reported adherence between 
DOAC users and VKA users (Chi2 = 4.1; p = 0.249).

3.3 � Results from the MLA

All attributes had a significant impact on the choice of ther-
apy in the mixed logit model (p < 0.05). In Table 2, it can 
be seen that intake without food (B 0.197) is preferred to 
intake with food, once-daily intake (B 0.517) is preferred 
to twice-daily intake, no need for International Normalized 
Ratio (INR) monitoring (B 0.806) is preferred to a need for 
INR monitoring, a tablet (B 0.121) is preferred to a capsule, 
and unlikely drug/food interactions (B 0.456) are preferred 
to likely drug/food interactions (p < 0.05). The difference in 
preference between a melting tablet and a capsule was not 
significant (p = 0.123). The need for INR monitoring had 
the greatest impact on preference for therapy (AI = 37%; 
Table 2). The second most important attribute was intake 
frequency (AI 27%). The results of the MLA showed signifi-
cant variation in preferences, as represented by the high SD 
for the need for coagulation monitoring, intake frequency, 
and drug/food interactions (SD significant p < 0.000). In 
the multivariate MLA model, women had stronger prefer-
ence for tablets compared to capsules than men, and men 
have stronger preferences for no monitoring than women 
(Appendix 1 in the electronic supplementary material). With 
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Table 1   Characteristics of the study sample. Data reported as n (%), unless otherwise marked

All patients (n = 508) DOAC users (n = 188) VKA users (n = 320) P value

Gender, male 315 (62.0) 127 (67.6) 188 (58.8) P = 0.05
Mean age, years ± SD 57.2 ± 15.0 57.0 ± 15.4 57.4 ± 14.7 P = 0.80
Country P = 0.001
United Kingdom 100 (19.7) 38 (38.0) 62 (62.0)
Germany 100 (19.7) 43 (43.0) 57 (57.0)
France 103 (20.3) 51 (49.5) 52 (50.5)
Italy 103 (20.3) 30 (29.1) 73 (70.9)
Spain 102 (20.1) 26 (25.5) 76 (74.5)
Educational level P = 0.05
Low 77 (15.2) 34 (18.1) 43 (13.4)
Medium 301 (59.3) 119 (63.3) 182 (56.9)
High 130 (25.6) 35 (18.6) 95 (29.7)
Employment status P < 0.001
Employed (full/part-time) 223 (43.9) 56 (29.8) 167 (52.2)
Unemployed 24 (4.7) 8 (4.3) 16 (5.0)
Retired 261 (51.4) 124 (66.0) 137 (42.8)
Living situation P = 0.22
Independent 494 (97.2) 187 (99.5) 307 (95.9)
Care home/nursing home 4 (0.8) 0 (0.0) 4 (1.3)
Other 10 (2.0) 1 (0.5) 9 (2.8)
Annual household income, € P = 0.01
€0–€15,000 81 (15.9) 34 (18.1) 47 (14.7)
€15, 001–€25,000 112 (22.0) 45 (23.9) 67 (20.9)
€25,001–€50,000 164 (32.3) 62 (33.0) 102 (31.9)
€50,001–€75,000 54 (10.6) 23 (12.2) 31 (9.7)
€75,000 + 66 (13.0) 9 (4.8) 57 (17.8)
I do not wish to answer 31 (6.1) 15 (8.0) 16 (5.0)
Current OAC use
Total no. of patients on VKA 320 (63.0)
 Warfarin 127 (25.0) – 127 (39.7)
 Acenocoumarol 52 (10.2) – 52 (16.3)
 Phenprocoumon 76 (15.0) – 76 (23.8)
 Fluindione 65 (12.8) – 65 (20.3)

Total no. of patients on DOAC 188 (37.0)
 Dabigatran etexilate 39 (7.7) 39 (20.7) –
 Rivaroxaban 87 (17.1) 87 (46.3) –
 Apixaban 51 (10.0) 51 (27.1) –
 Edoxaban 11 (2.2) 11 (5.9) –

Time since AF diagnosis, years P = 0.001
Mean ± SD 3.2 ± 1.2 3.1 ± 1.3 3.3 ± 1.1
< 1 year 37 (7.3) 20 (10.6) 17 (5.3)
1–5 years 284 (55.9) 99 (52.7) 185 (57.8)
> 5 years 184 (36.2) 66 (35.1) 118 (36.9)
Don’t know 3 (0.6) 3 (1.6) 0 (0.0)
Total time on current OAC, months/years P < 0.001
Mean ± SD 3.0 ± 0.8 3.0 ± 0.8 3.1 ± 0.8
< 1 year 123 (24.2) 56 (29.8) 68 (21.2)
1 year-5 years 251 (49.4) 104 (55.3) 145 (45.3)
> 5 years 126 (24.8) 25 (13.3) 102 (31.9)
I do not remember 8 (1.6) 3 (1.6) 5 (1.6)
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regard to the effect of current anti-coagulant therapy, VKA 
users have stronger preferences for once-daily pills and tab-
lets, while DOAC users have a stronger preference for no 
monitoring.

With regard to the impact of country, we see that for 
every attribute, there is at least one country in which patients 
have significantly different preferences. For instance, 
although patients from Germany preferred no monitoring 

of coagulation, this preference was less strong than that of 
respondents from Italy. Patients from the UK had a stronger 
preference for once-daily pill intake than respondents from 
other countries. Likewise, patients from the UK have a 
stronger preference for drugs in which drug/food interactions 
are unlikely, while in patients from Spain, this preference is 
less strong than the average.

Table 1   (continued)

All patients (n = 508) DOAC users (n = 188) VKA users (n = 320) P value

Have you switched from VKA to DOAC?
No 114 (22.4) 114 (60.6) –
Yes 74 (14.6) 74 (39.4) –
HAS-BLED score P = 0.88
Mean ± SD 2.4 ± 1.5 2.4 ± 1.5 2.4 ± 1.5
HAS-BLED score 0–1 (“low” risk) 150 (29.5) 57 (30.3) 93 (29.1)
HAS-BLED score 2 (“moderate” risk) 128 (25.2) 47 (25.0) 81 (25.3)
HAS-BLED score ≥ 3 (“high” risk) 230 (45.3) 84 (44.7) 146 (45.6)
CHA2DS2-VASc score P = 0.57
Mean ± SD 2.4 ± 1.4 2.4 ± 1.4 2.4 ± 1.5
CHA2DS2-VASc score 0, 1 (“low” risk) 154 (30.3) 57 (30.3) 97 (30.3)
CHA2DS2-VASc score 2 (“moderate” risk) 130 (25.6) 51 (27.1) 79 (24.7)
CHA2DS2-VASc score ≥ 3 (“high” risk) 224 (44.1) 80 (42.6) 144 (45.0)
Total number of pills taken each day (“pill burden”) P = 0.01
Mean ± SD (range) 5.8 ± 5.1 (0.5–50) 6.5 ± 4.4 (1–20) 5.4 ± 5.4 (0.5–50)

The CHA2DS2-VASc [Cardiac failure or dysfunction, Hypertension, Age ≥ 75 years (Doubled), Diabetes, Stroke (Doubled)–Vascular disease, 
Age 65–74 years and Sex category (Women)] risk index estimates stroke risk in AF patients. Low-risk patients may not require anti-coagulation; 
moderate-risk patients should consider anti-coagulation, and high-risk patients are an anti-coagulation candidate. The HAS-BLED (Hyperten-
sion, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile INR, Elderly, and Diabetes) risk index estimates bleed 
risk in AF patients. Low-risk patients should consider anti-coagulation; in moderate-risk patients, anti-coagulation can be considered, but for 
high-risk patients, alternatives to anti-coagulation should be considered
AF atrial fibrillation, DOAC direct-acting oral anti-coagulant, OAC oral anti-coagulant, SD standard deviation, VKA vitamin K antagonist

Table 2   Patient preference 
for attributes of convenience 
(mixed logit analysis without 
correlations)

Part-worth utility coefficients (B) and variation within part-worth utility coefficients (SD) of attribute levels 
of convenience of AF therapy
AF atrial fibrillation, SD standard deviation, SE standard error
*Reference level. Higher part-worth utility indicates higher preference for this level

Attribute Level B SE Sig (SE) SD Sig (SD) Importance (%)

Pill intake Without food 0.197 0.037 0.000 0.275 0.001 9
With food* 0.000

Intake frequency Once daily 0.571 0.052 0.000 0.836 0.000 27
Twice daily* 0.000

Pill type Tablet 0.121 0.050 0.016 0.305 0.001 6
Melting tablet 0.079 0.051 0.123 0.290 0.005
Capsule* 0.000

Coagulation monitoring Not required 0.806 0.076 0.000 1.542 0.000 37
Required* 0.000

Drug/food interactions Unlikely 0.456 0.053 0.000 0.886 0.000 21
Likely* 0.000
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3.4 � Results from the LCA

The analysis was performed for between two and six pref-
erence classes and zero and six scale classes. Adding two 
scale classes to the model improved model fit; the difference 
with a three-scale class model was negligible (Appendix 3 
in the electronic supplementary material). The five-prefer-
ence class model had the best fit when the scale factor was 
not taken into account, but the 2-sClass–4-pClass model 
had a better fit than the 2-sClass–5-pClass model. Thus, 
the 2-sClass–4-pClass model was considered the optimal 
model based on model fit and interpretability (BIC = 68.6; 
L2 = 55.8). The two scale classes were significantly differ-
ent (p < 0.000). Of the 508 patients in our sample, 44% were 
members of the strong preference class and 56% the weak 
preference class (Table 3). The scale factor was 14, which 
means that the part-worth coefficients in the model of the 
strong preference class were 14 times as large as those of the 
weak preference class.

There was significant preference heterogeneity for intake 
frequency, the need for coagulation monitoring, and drug/
food interactions (p < 0.05) across classes. Current anti-
coagulant therapy, country of residence, and self-reported 
adherence were correlated with class membership (p < 0.05). 
Full details of the 2-sClass–4-pClass LCA are provided in 
Appendix 2 (see the electronic supplementary material).

Scale class membership was about equally divided over 
respondents in all countries, although a relative higher 

percentage of the patients from Spain fell in the weak pref-
erence class. Membership of the weak preference class was 
also somewhat more likely for VKA users, while member-
ship to the strong preference class was somewhat more likely 
for DOAC users.

For two of the attributes, the level order was as expected 
in all classes. Respondents prefer to take pills once daily and 
without food. All classes except class 4 prefer no coagula-
tion monitoring. For the attribute drug/food interaction, class 
1 and 3 prefer drugs for which drug/food interactions are 
likely. For the attribute pill type, no prior expectations on 
ordering existed. The results indicate that this attribute does 
not influence preferences.

Patients in the “no coagulation monitoring group” (class 
1; 57%) attached the highest relative importance to the need 
for monitoring (B 2.802; AI 68%), but also considered inter-
actions between drugs important (AI 15%) (Table 3). Class 
members were more likely to be DOAC users (19% more 
than expected based on class size) and less likely to be VKA 
users (11% less than expected) (Appendix 2).

Of the respondents, 19% were members of the “bal-
anced” preference class (class 2). They attached the most 
importance to once-daily intake frequency (AI 31%), equal 
importance to intake without food and pill type (AI 23%), 
and lesser importance to coagulation monitoring (AI 13%) 
and drug/food interactions (AI 11%). VKA users were more 
likely to be members of this class.

Table 3   Patient preference patterns for attributes of convenience (latent class analysis)

sClass number of scale class

Class size Class 1 (%) Class 2 (%) Class 3 (%) Class 4 (%)

sClass 1 (strong) 25 9 7 3 44
sClass 2 (weak) 32 11 9 4 56
Total 57 20 16 7 100

Attribute Level Class 1 Class 2 Class 3 Class 4 P value

Pill intake Without food 0.208 7.988 0.129 0.337 0.057
With food* 0.000 0.000 0.000 0.000

Intake frequency Once daily 0.289 10.966 16.220 0.267 0.002
Twice daily* 0.000 0.000 0.000 0.000

Pill type Tablet 0.127 − 0.205 0.344 0.905 0.400
Melting tablet − 0.080 − 7.987 0.431 0.291
Capsule* 0.000 0.000 0.000 0.000

Coagulation monitoring Not required 2.802 4.504 0.667 − 3.207 0.000
Required* 0.000 0.000 0.000 0.000

Drug/food interactions Unlikely − 0.616 3.793 − 18.721 − 0.173 0.000
Likely* 0.000 0.000 0.000 0.000
Overall Wald P value

sClass1 0.0000 79.778 0.000
sClass2 − 2.6586
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Sixteen percent of respondents (class 3) fell into the 
“once daily, interactions likely” pattern. This means that 
they attach about equal importance to once-daily pill intake 
(AI 45%) and prefer pills for which drug/food interactions 
are likely (AI 52%).

Finally, 7% of respondents (class 4) were members of the 
“coagulation monitoring preferred pattern.” These patients 
also attached highest importance to the need for monitoring 
(67%); however, in contrast to the patients in class 1, they 
preferred to be monitored. Only 3% of the DOAC users and 
10% of the VKA users were in this class. Thus, membership 
to this class was more likely for VKA users.

The least adherent patients (n = 38) were somewhat over-
represented in class 1, while moderately adherent patients 
(n = 174) were overrepresented in class 2.

There was also a significant impact of country of resi-
dence (p < 0.004) on the likelihood of being in a preference 
class. Most noticeably, respondents from the UK and Ger-
many were less likely to be in the “no coagulation monitor-
ing” group, while respondents from Italy were most likely 
to be in this class. Respondents from Germany were more 
likely to be in the “once daily, interactions likely” class 
(class 3) than expected based on class size.

No significant impact of pill burden, gender, and age on 
preference class membership was found.

4 � Discussion

This study in 508 patients with non-valvular AF from five 
European countries explored the heterogeneity in prefer-
ences for convenience of anti-coagulation therapy and 
assessed whether preference heterogeneity can be explained 
by background characteristics. The results of this study dem-
onstrate significant preference heterogeneity among respond-
ents to the survey, both in the MLA and in the LCA. While 
many preference studies focusing on convenience of anti-
coagulant therapy exist, the results of our study increase the 
insight into patient heterogeneity in preferences compared 
to current literature. For instance, while Andrade et al. found 
that the need for coagulation monitoring is more important 
to patients than the intake frequency of the drug [26], the 
study of Böttger et al. found the opposite to be true [27]. 
The results of our study indicate that four relevant prefer-
ence patterns exist. Six out of ten patients focused on the 
need for monitoring as the most decisive attribute of treat-
ment and preferred no regular coagulation monitoring; these 
patients were more likely to be current DOAC users and the 
least adherent to therapy. One out of five patients consid-
ered most attributes in their choice; these patients were more 
likely current VKA users and moderately adherent. The 
third group, representing one out of six patients, preferred 
once-daily pill intake but—surprisingly—also preferred 

scenarios with a high likelihood of drug/food interaction; 
these patients were more likely to have a low adherence. 
While in the three aforementioned classes patients preferred 
not to be monitored, a small group of patients (one out of 14 
patients) preferred to undergo regular coagulation monitor-
ing; these patients were more likely to currently use VKA 
and reported high adherence.

In this study, MLA and LCA were used to study prefer-
ence heterogeneity. Heterogeneity in the study sample could 
be identified from the large SDs of the utility coefficients in 
the MLA. The results of both analyses align in the sense that 
the attributes with large variation in the MLA were also the 
attributes that distinguished the patients in the LCA. The 
covariates that significantly impacted preferences were simi-
lar in both models, although more significant relationships 
were determined in the MLA. However, MLA with correla-
tions either results in a large number of different preference 
models (one for each covariate) or in a very large model that 
can be difficult to interpret. The LCA allowed us to include 
multiple covariates and to study their impact simultaneously, 
to distinguish a limited number of very specific preference 
patterns, and to present these in a more intuitive and com-
prehensible way.

4.1 � Potential Clinical Implications

The results of this study have potential clinical implications. 
First, the study results show that current therapy is a covari-
ate that is associated with class membership. The majority of 
patients are more likely to prefer treatment characteristics that 
align with their current therapy. We know that 40% of current 
DOAC users switched from VKA to DOAC in the past; how-
ever, we did not ask current VKA users whether they switched 
from DOAC to VKA. Therefore, we could not include switch-
ing as a covariate, and the results of the study do not offer 
insight into whether patients prefer the characteristics of the 
drug they have or have switched to the drug of their preference 
in the past. Some incongruence between the preferred and the 
actual anti-coagulation therapy also exists. For instance, mem-
bership to class 1 and 2, in which patients preferred no regular 
coagulation monitoring, included a significant percentage of 
current VKA users. On the other hand, few patients in the 
group that prefers monitoring are currently on DOACs.

A second interesting finding of our study is the observed 
relationship between class membership and self-reported 
adherence to therapy. While no causal relationship can be 
drawn between class membership and self-reported adher-
ence, it is intriguing to see that patients who prefer regular 
coagulation monitoring are more likely to report high adher-
ence, while those who do not prefer monitoring are more 
likely to report a low adherence. As previously reported, the 
feedback mechanism that results from regular monitoring 
emphasizes adherence to therapy [28].
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Third, the impact of country of residence on the prefer-
ences for treatment is both interesting and challenging to 
explain. Previous studies also identified differences in pref-
erence between European countries. For instance, patients 
in Germany were more likely to prefer no monitoring than 
patients in Italy. Preference for monitoring might be related 
to the ability for the patient to access the health care system 
in the different countries. Monitoring might be viewed as 
an opportunity to have regular contact with the physician, 
in countries were access is more difficult.

Finally, the results of our study suggest that many 
respondents focused mostly on one attribute in stating their 
preference for an anti-coagulation drug. Either intake fre-
quency or the need for monitoring are dominant. In the 
survey, respondents consistently chose the scenario with 
either once-daily pill intake, no need for monitoring or the 
need for monitoring. Our data suggest that only for a smaller 
group of patients (class 2) did the choice of therapy involve 
multiple attributes of therapy. These patients either trade 
between levels of the different scenarios in the choice set or 
use a lexicographic decision rule, where the scenario with 
the most desirable characteristics is chosen.

4.2 � Limitations

As with any stated preference survey, the results of this 
study are highly dependent on the choice of attributes and 
the operationalization of attributes. We have tried to match 
the most commonly used attributes and level descriptions in 
literature available at the time of our study [16, 26, 27], but 
the way in which we operationalized some of the attributes 
has likely influenced the results. Most noticeably, class 1 
and 3 patients seem to have misunderstood the picture we 
used to present likelihood of drug/food interactions. This 
misunderstanding did not occur during pilot testing, but it 
is likely that the attention of respondents during an online 
survey is lower than during pilot testing, when the researcher 
was present. Another limitation of our study is that while we 
performed external validity tests, by doing pilot testing and 
involving experts, we did not perform any internal validity 
test besides looking for straight liners in our data set [29].

This study gives insight into the preferences of patients 
for certain treatment outcomes. However, it does not provide 
information on why these preferences exist. For example, 
monitoring, which is needed with a VKA, allows for some 
control of the blood anti-coagulation level. Based on the 
anti-coagulant level, VKA dosing might be adjusted. Some 
patients might associate monitoring with an increased feel-
ing of control and feedback on drug adherence, or even 
increased drug effectiveness and thus lower risk of stroke. 
Others might find the monthly or bi-weekly appointments 
burdensome because of the disruption to work or personal 
life and therefore prefer not to be monitored. However, it is 

also possible that patients might assume that because a drug 
has the need for monitoring, it is less effective or less safe 
than a drug that does not require monitoring. Based on this 
study, we can only conclude that most patients prefer drugs 
that do not require monitoring, but not the reasons for this 
preference. The same is true for the other attributes.

Our study population was younger than the average popu-
lation of all AF patients in clinical practice. This may have 
resulted from the fact that we recruited participants on the 
internet, using online panels. However, within the age groups 
included in the study, age did not influence class member-
ship, which indicates that like younger patients, the major-
ity of elderly patients prefer once-daily treatment without a 
need for coagulation monitoring. We assessed patients from 
the five European countries that have the largest population 
sizes, which resulted in an underrepresentation of Eastern 
and Northern Europe countries. We intentionally did not 
include attributes related to probability of stroke and bleeding 
in our attribute set because we were interested in the trade-
off between convenience attributes and feared they would 
be dominated by effectiveness and safety concerns, as was 
shown earlier [8, 9], but it would be very interesting to study 
whether there are different classes of patients with regard to 
the trade-off between benefit, risk, and convenience.

5 � Conclusions

This study demonstrated significant preference heterogene-
ity among patients with AF and linked different classes of 
preference to specific background characteristics. Country 
of residence and currently prescribed therapy influenced 
patient preferences in both the MLA and LCA models. Fur-
ther studies should focus on the relationship between prefer-
ence and therapy adherence and on ways to turn knowledge 
about individual preference into support tools for preference-
sensitive treatment decisions.
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