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Abstract
Background There are unresolved procedural and medical problems in the care of diabetes, which cause high costs for 
health systems. These include the inadequate glycemic adjustment, care gaps, therapeutic inertia, and a lack of motivation. 
Personalized diabetes management can be seen as a kind of “standard process” that provides both physicians and patients 
with a framework. The aim of this empirical survey is the evaluation of patient preferences regarding personalized diabetes 
management. The purpose of this experiment is to demonstrate the properties of the programs that are relevant for the choice 
of insulin-based therapy regimens for patients with type II diabetes mellitus.
Methods A discrete choice experiment (DCE) was applied to identify preferences for a personalized diabetes management in 
patients with type II diabetes mellitus. Six attributes were included. The DCE was conducted in June 2017 using a fractional 
factorial design, and the statistical data analysis used random effect logit models.
Results N = 227 patients (66.1% male) were included. The preference analysis showed dominance for the attribute “occur-
rence of severe hypoglycemias per year” [level difference (LD) 2765]. Preference analysis also showed that participants 
weight the “risk of myocardial infarction (over 10 years)” (LD 1.854) highest among the side effects. Within the effective-
ness criterion of “change in the long-term blood glucose level (HbA1c)” a change at an initial value of 9.5% (LD 1.146) is 
weighted slightly higher than changes at 7.5% (LD 1.141). Within the random parameter logit estimation, all coefficients 
proved to be significantly different from zero at the level p ≤ 0.01. The latent class analysis shows three heterogeneous 
classes, each showing clearly different weights of the therapeutic properties. This results in a clear three-folding: for 1/3 of 
the respondents the change of the long-term blood sugar (HbA1c value) is the top objective. Another third is solely interested 
in the short-term effectiveness of the therapy in the sense of the occurrence of severe hypoglycemias per year. The last third 
of the interviewees finally focuses on the follow-up regarding cardiovascular events. Overall, there were five structural and 
personality traits which have an influence on the respective probability of the class membership.
Discussion/conclusion This study identifies and weights the key decision-making criteria for optimal management of dia-
betes from the perspective of patients. It was shown that the effectiveness of a care program is the most important from the 
perspective of the patient and avoiding severe a hypoglycemia has the greatest influence on the choice. The risk of myocardial 
infarction as a follow-up disease and the long-term adjustment of the blood glucose follow the importance. In the analysis 
of possible subgroup differences by means of latent class analysis, it was found that three preference patterns exist within 
the sample. The generated preference data can be used for the design of personalized management approaches. It remains 
open to the extent to which expert opinions and patient preferences diverge.
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Decision‑making context: diabetes 
mellitus type II and personalized diabetes 
management

Diabetes mellitus

Diabetes mellitus is one of the most elaborate and expen-
sive widespread diseases in Germany [1]. The high socio-
economic importance of diabetes is the result of severe 
complications, reduced life expectancy and reduced ability 
to work as well as the necessary comprehensive medical 
care for the patients [2].

It is estimated that about 8–10 million people are cur-
rently suffering from this incurable disease in the Federal 
Republic of Germany [3]. It is estimated that about twice 
as many people will be affected by diabetes by 2020 [4, 
5]. The International Diabetes Federation estimates that by 
2030 the worldwide number of people with diabetes will 
have increased from currently 285 million by more than 
50% to about 438 million [6].

Diabetes mellitus is a glucose metabolism disorder that 
is characterized by chronic hyperglycemia [7]. A variable 
combination of impaired insulin secretion and/or reduced 
insulin resistance results in type II diabetes [8, 9]. This is 
the most common form of diabetes, which is diagnosed in 
about 90% of diabetic patients and is mostly only mani-
fested in adulthood. This type of diabetes is characterized 
by a decreased insulin effect and a reduction in the insulin 
distribution and occurs more and more frequently also in 
younger people. Reasons for this are factors such as over-
weight, lack of exercise and incorrect diet, which signifi-
cantly increases the risk of developing diabetes.

Studies have shown that diabetics have a lower quality 
of life than non-diabetics—especially patients with diabe-
tes-related complications, as there is a risk of blindness, 
dialysis, or amputation of limbs. Likewise, the disease 
often causes emotional stresses—mental disorders such 
as depression occur twice as frequently in diabetics than in 
the normal population [8, 10, 11]. Hence, co-morbidities 
and secondary diseases of diabetes can lead to a reduction 
in the quality of life and a shortened life.

Unresolved problems

Diabetes mellitus is a major challenge for national health 
systems, both regarding the care processes and the associ-
ated expenditures. The changed lifestyle and demographic, 
social changes result in a high burden due to type II dia-
betes [12]. The care of patients with type II diabetes is 
performed on three levels: (1) about 80–90% are under 
an outpatient care, (2) 10–20% of patients are either 

permanently or temporarily dependent on an outpatient 
care unit, a diabetic specialist or a hospital outpatient 
clinic, as well as coordinating specialists (e.g. nephrolo-
gists, ophthalmologists, etc.)—especially when acute and/
or complications occur. An escalation of the treatment of 
acute and/or long-term complications necessitates part-
time inpatient care (3) [13].

There are unresolved procedural and medical problem in 
the care of diabetes, which cause high costs for the health 
systems. These include in particular inadequate glycemic 
attitude, care gaps, therapeutic inertia as well as lack of 
motivation. The latter leads to a lack of therapy compliance 
and adherence of the patients and possible misunderstand-
ings in the physician–patient communication [14].

The achievement of better therapeutic outcomes or the 
utilization of the therapeutic potential is often prevented by 
therapeutic inertia. Today, there are a variety of possibili-
ties in differential therapy. However, these are not uniformly 
presented in recommendations for action and care guide-
lines for type II diabetes [15]. This often results in lengthy 
decision-making processes. The consecutive and consistent 
implementation of the therapeutic recommendations will be 
delayed. As a result, standards and an integrated care pro-
grams are required in diabetes care [15].

Personalized diabetes management

Despite all efforts to achieve the best possible diabetic 
therapy in Germany, an insufficient glycemic adjustment 
(HbA1c level ≥ 7.5%) is found in almost half of the patients 
in type II diabetes [12]. A poor glycemic adjustment pro-
motes the morbidity of patients with type II diabetes, espe-
cially the risk of developing micro- and macrovascular 
sequelae [16, 17].

Patients demand an individual/individualized therapy, 
even if the necessary motivation for (lasting) change in 
their lifestyles is missing at the same time. This not at least 
because doctors, as companions of the patients, can spend 
too little time and have little information about the patient’s 
preferences [18].

Diabetes is a chronic disease that places high demands 
on the compliance and adherence of patients. The success of 
the therapy is determined by various factors such as compli-
ance with the recommended blood glucose monitoring or 
the documentation of blood glucose profiles. The use of a 
personalized approach to diabetes management is discussed 
internationally and the success has been demonstrated in first 
studies. Studies show that Personalized Diabetes Manage-
ment (PDM) can increase the effectiveness and efficacy of 
therapy and improve treatment outcomes [19–22].

The PDM can be understood as a kind of “standard pro-
cess” that provides a framework for both physicians and 
patients. It stands for a personalized diabetes care tailored 
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to the specific patient. Structured, therapy-adapted blood 
glucose self-monitoring is linked to electronic systematic 
analysis and graphical presentation, interpretation and com-
munication of the patient’s blood glucose measurements and 
diabetes data using a diabetes management software solu-
tion. This integrated therapy process is intended to enable 
improved quality of life, optimized therapy or optimized 
therapeutic outcomes (medical benefits) and economic 
added value. Personalized diabetes management thus has 
the task to realize an optimized diabetes care. Ultimately, 
the question of which tools and functionalities are used 
also depends on the needs and preferences expressed by the 
affected patients.

Method, study design and decision‑making 
model: how can preferences be measured?

Method of the discrete choice experiment (DCE)

The discrete choice experiment (DCE) is a choice-based 
variant of the conjoint analysis, which became possible only 
through the theoretical work of Lancaster [23] and McFad-
den [24]. Instead of a ranking or evaluation of many different 
therapeutic features, a comparison of alternatives is made 
and a (choice) decision is made between different therapy 
options [25]. By means of the paired comparison, the degree 
of complexity of the task drops considerably for the patients, 
so that better data quality is to be expected [26–28]. The 
implementation of the discrete choice analysis also offers 
practical advantages due to its close proximity to reality. 
Hence, it has already emerged to one of the most frequently 
used preference measurement methods in health economic 
evaluation [29].

The structure of a discrete choice experiment and its 
analysis are multi-stage [26, 30–32]. The utility function 
is estimated by means of the maximum likelihood method. 
Depending on the underlying distribution function, different 
estimation methods (mostly probit or logit estimates) can be 
used [26, 29, 33–35].

Literature review and AHP

In a first step, a literature review (PubMed, Medline and 
Cochrane Library) was conducted on clinical aspects of 
insulin therapy in diabetes mellitus type II and its manage-
ment. The aim of the search was to identify the potential 
properties and characteristics of these treatments, in gen-
eral and from the patients’ perspective. Based on the found 
full texts, a list of therapeutic and management features was 
created, discussed with experts and patient-relevant charac-
teristics were tested in a preliminary Analytic Hierarchy Pro-
cess with N = 202 patients and N = 36 experts (physicians, 

nutritionists, diabetes advisors, specialized diabetes nurses). 
The AHP included attributes on health-related quality of 
life as well as clinical aspects of diabetes care (outcomes, 
adverse events as well as co-morbidities).

Attributes and levels

Following the identification of the most important aspects of 
the treatment for type II diabetes mellitus and their possible 
manifestations through the literature research as well as the 
AHP, the DCE questionnaire was designed. Finally, the final 
decision model included six attributes (Fig. 1). The “change 
in the long-term blood glucose levels” has been described 
as a so-called “compound attribute” by two dimensions: the 
initial level and the change in percent.

These attributes were used as a basis for determining 
the importance of the features in the treatment of type II 
diabetes mellitus with personalized diabetes management 
and transferred into a standardized online questionnaire. 
Within the survey, all attributes included amateur-language 
descriptions. The description of the characteristics has been 
supplemented by a graphical representation. The objective 
was to simplify the decision by optimizing the presentation 
of the information.

Data collection: experimental design, election 
scenarios and survey

Study population

The empirical assessment of the patient’s preferences was 
concentrated on insulin-treated patients with the indication 
diabetes mellitus type II. Patients’ eligibility was linked to 
the following access criteria: age (18 years or older), diag-
nosis (diabetes mellitus type II), therapy (regular insulin 
administration), language skills (sufficient knowledge of 
German) and given informed consent.

The participants were recruited in cooperation with an 
external market research company. Data collection took 
place between 07.06.2017 and 17.06.2017.

According to the formula of Orme [36], at least N = 125 
subjects were necessary to estimate the main effects (with 12 
choice tasks, 2 alternatives and a maximum of 6 variants). 
Since the current discussion indicates this value as the abso-
lute lowest limit [37], a sample size of N = 400 volunteers 
was applied to guarantee a statistically robust estimate and 
to carry out the analysis of subgroups.

Legal requirements

This study was an anonymous data collection. The Insti-
tutional Ethics committee of Hochschule Neubrandenburg 
has reviewed and approved the interviews and the survey. 
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All subjects submitted an informed consent prior to the 
first question of the survey and thus agreed to participate 
in the research project. All subjects were informed about 
the research project. The participating subjects were free to 
answer the questions addressed to them or to end the ques-
tionnaire at any time during the survey.

Experimental design

The software Ngene 1.2.0. [38] was used for optimal experi-
mental design (3 × 5 + 6 × 1 design). The chosen d-efficient 
design with zero prior estimates included 144 choices 
divided into 12 blocks, each with 12 choice tasks. The 
allocation of the participants to the individual blocks was 
randomized.

Based on the experimental design, two alternatives were 
displayed (binary choice sets). No status quo alternative 
was considered. Furthermore, there was no possibility for 
respondents to choose none of the presented alternative 
alternatives (None option). Respondents had to choose an 
alternative (forced choice).

Data analysis

The socio-demographic data collected in the first part of 
the questionnaire were analyzed using descriptive analyzes. 
The relative importance of each treatment attribute and level 
was estimated by means of multivariate methods (e.g. ran-
dom parameter logit model, conditional logit model, latent 

class model) [39]. SPSS and STATA were used as analy-
sis packages. In all analyzes, p < 0.05 (double-sided) was 
assumed as statistically significant. The evaluation of the 
preference coefficients took place with consideration of the 
95% confidence interval. To explore the determining per-
sonality characteristics for class membership in the latent 
class analysis, cross tables and regression models (binary 
logistic and multinomial logistic regressions) were used to 
describe the class distribution by means of the significant 
structural parameters.

Results: what do patients prefer?

Consistency tests to verify response quality

The total respondent sample included N = 402 patients. How-
ever, it is important to test the consistency of the responses 
to assess the reliability and validity of the responses. First, 
individual responses were examined to determine whether 
the principle of monotonous preferences was fulfilled. 
According to this, people always prefer more of every nor-
mal good [40, 41]. For this purpose, the first choice scenario 
was designed as a “dominant pair”. Validity tests found that 
N = 36 respondents failed to choose the better, dominant 
alternative.

For the “stability test”, the first choice set was repeated at 
the end of the DCE. Respondents who did not select identi-
cal alternatives were also excluded (N = 111). The test re-test 

Attribute Level 1 Level 2 Level 3 Level 4 Level 5 Level 6

Change in the 
long-term blood 
glucose levels 
(HbA1c-level)

Worsening at 
7.5%

No change 
at 7.5%

Improvement 
at 7.5%

Worsening 
at 9.5%

No change 
at 9.5%

Improvement 
at 9.5%

Occurrence of 
mild 
hypoglycemia 
per month

0 mild 
hypoglycemia 
per month

1 mild 
hypoglycemi
a per month

2 mild 
hypoglycemia 
per month

Occurrence of 
severe 
hypoglycemia 
per year

0 severe 
hypoglycemia 
per year

1 severe 
hypoglycemi
a per year

2 severe 
hypoglycemia 
per year

Risk of 
occurrence of 
myocardial 
infarction (over 
10 years)

10 out of 100 
(10%)

20 out of 
100 (20%)

30 out of 100 
(30%)

Risk of stroke 
(over 10 years)

5 out of 100 
(5%)

10 out of 
100 (10%)

15 out of 100 
(15%)

Risk of 
depression 
(over 5 years)

10 out of 100 
(10%)

15 out of 
100 (15%)

20 out of 100 
(20%)

Fig. 1  Final decision model of the discrete choice experiments
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could indicate that the respondents had a learning effect and 
therefore answered the repeated question differently. How-
ever, a comparison of the models with and without applica-
tion of the exclusion criteria showed a significant difference 
regarding model fit criteria (e.g. pseudo R2, AIC, BIC) and 
magnitude of the coefficients (which affected the z-value and 
hence the p-value). The latter indicated that the excluded 
respondents were less confident in their choice decisions 
than the remaining respondents in the final model. Beyond, 
subsequent analysis showed a greater heterogeneity in 
the model with all respondents included in contrast to the 
reduced model. This also indicates that a considerable pro-
portion of the respondents made arbitrary choice decisions.

In a further verification of the response validity, the sam-
ple was examined for respondents whose responses indicated 
that they were apparently not willing to trade between the 
characteristics. According to Marshall et al. [42] a respond-
ent was classified as unwilling if he chose the same alter-
native in at least 10 of the 12 choice sets (N = 48). Finally, 
a repeated query on the current treatment of diabetes was 
used. Since treatment with regular insulin doses was an 
inclusion criterion for this study, respondents who indicated 
to be treated only with diet/exercise or only with oral anti-
diabetics during a repeated interrogation were also excluded 
(N = 12). Finally, N = 175 respondents were excluded.

Socio‑demographic data

Socio-demographic data of the final respondent sample of 
227 patients is shown in Table 1. Next to that, 56.4% were 
married, 62.9% were retired and 71.4% indicated their cur-
rent health status to be excellent, very good or good. The 
average age was 56.6 years (SD 11.21). Regarding their dia-
betes type II diagnoses, 0.9% had received their diagnoses 
less than 6 month ago, 7.0% between 6 and 24 months ago, 
15.4% between 2 and 5 years ago and 23.3% between 5 and 
10 years ago. 42.3% indicated that the diagnosis was made 
10–20 years ago and for another 11.0% this was more than 
20 years ago.

Assumption of heterogeneity: random parameter 
logit

In contrast to a conditional logit, the random parameter 
logit (also “mixed logit”) takes unobserved heterogeneities 
between the survey participants into account.

Within the model calculation, effects coding was used 
(− 1, 0, 1; reference category is the negative sum of the 
other two) and, therefore, no function was assumed about 
the attribute levels. With this coding, a coefficient is calcu-
lated for each level. The following table and figure illustrate 
the corresponding values.

In addition, the random parameter logit allows the 
assumption of heterogeneous responses within the sample. 
Since in the model calculation, all attributes were assumed 
to be random (“random parameter”), the extent of het-
erogeneous preferences can be derived via the respective 
standard deviations. The corresponding standard devia-
tions are shown also in Table 2 (below). The graphical 
representation is shown in Fig. 2. 

In this case, slight standard deviations in the graph 
indicate a rather homogeneous response behavior. This 
can be seen, for example, in “mild hypoglycemias”. Here, 
there are only very small, mostly non-significant standard 
deviations in the coefficients. Another picture emerges 
from “risk of myocardial infarction”. Here, the standard 
deviations in the coefficients for all levels are significantly 
different from zero, i.e. the preferences of respondents are 
very heterogeneous.

In the model calculation of the random parameter 
model, all attributes were assumed to be a “random param-
eter”, i.e. the calculated coefficients are an average value, 
the corresponding standard deviation describes the extent 
of heterogeneous preferences within the sample.

Subgroup testing: latent class analysis

Differences in the preferences according to structural 
variables

Since the random parameter logit model showed certain 
heterogeneities in the sample, an explorative analysis was 
generated using a latent class model.

To identify possible subgroups, at first a two-class 
model was developed, followed by a three-class model. 
A model with four and more classes proved to be mean-
ingfully uninterpretable because of the sample size. The 
Bayesian Information Criterion (BIC) was used to assess 
model quality as well as the model best determining exist-
ing heterogeneity in response behavior and to provide a 
probable allocation of the subjects per group. Finally, the 
three-class model could be identified as suitable. Table 3 
shows the results of the preference analysis separated for 
the three classes (Fig. 3). 

Overall, there were five structural and personality traits 
which influenced the respective probability of the subjects 
belonging to one class. As indicators for the group differ-
ences, “age” (age groups), the “subjective assessment of 
one’s own state of health” (based on Likert scale), the “time 
since diagnosis” (time span), “medical care” (mainly treated 
by GP or specialist) as well as the “presence of a depres-
sion” (diagnosed as co-morbidity) were identified. The three 
preference patterns were less dependent on the other socio-
demographic and therapy-specific factors (Table 4).
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Table 1  Socio-demographic 
structure of patient sample

N = 227 (%)

Gender
 Male 150 (66.1)
 Female 77 (33.9)

Age
 18–29 years 3 (1.3)
 30–39 years 18 (7.9)
 40–49 years 32 (14.1)
 50–59 years 74 (32.6)
 60–69 years 77 (33.9)
 70–79 years 22 (9.7)
 ≥ 80 years 1 (0.4)
 Mean (SD) 56.66 (11.21)

Education level
 No degree 31 (13.7)
 Junior/middle school certificate 77 (33.9)
 Intermediate high school certificate. secondary school certificate) 11 (4.8)
 Vocational school/advanced technical certificate 17 (7.5)
 Abitur. high school diploma in Germany: university entrance qualification 40 (17.6)
 Technical college degree 46 (20.3)
 University degree or higher 5 (2.2)
 Doctorate 31 (13.7)
 Other degree –

Marital status
 Married 128 (56.4)
 Widowed 16 (7.0)
 Divorced or separated 35 (15.4)
 Single 33 (14.5)
 In a relationship. but not married 15 (6.6)
 Other –

Current HbA1c level
 ≤ 6% 14 (6.2)
 6.1–7.0% 91 (40.1)
 7.1–8.0% 85 (37.4)
 8.1% 9.0% 21 (9.3)
 > 9.0% 9 (4.0)
 Not sure 7 (3.1)

Frequency of mild hypoglycemia (last month)
 No mild hypoglycemia 37 (16.3)
 1 mild hypoglycemia 54 (23.8)
 2 mild hypoglycemia 40 (17.6)
 3 mild hypoglycemia 17 (7.5)
 4 mild hypoglycemia 5 (2.2)
 More than 4 mild hypoglycemia 5 (2.2)
 Not sure 6 (2.6)
 Never had a mild hypoglycemia 52 (22.9)
 Not sure (ever) 11 (4.8)

Frequency of severe hypoglycemia (since diagnosis)
 1 severe hypoglycemia 19 (8.4)
 More than 1 severe hypoglycemia 16 (7.0)
 Not sure 10 (4.4)
 No severe hypoglycemia 182 (80.3)
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Table 2  Random parameter logit model (coefficients and standard deviations)

Attribute level Coeff. SE Z p CI 95%-low CI 95%-high Level diff.

Change in the long-term blood glucose levels 
(HbA1c level)

1.775

Worsening at 9.5% − 0.918 0.120 − 7.640 0.000 − 1.153 − 0.682
No change at 9.5% − 0.357 0.100 − 3.570 0.000 − 0.552 − 0.161
Improvement at 9.5% 0.228 0.092 2.470 0.013 0.047 0.409
Worsening at 7.5% − 0.285 0.095 − 3.000 0.003 − 0.471 − 0.099
No change at 7.5% 0.474 0.093 5.100 0.000 0.292 0.656
Improvement at 7.5% 0.857 0.127 6.740 0.000 0.608 1.106
Risk of myocardial infarction (over 10 years) 1.854
 High (30%) − 0.975 0.077 − 12.590 0.000 − 1.127 − 0.823
 Moderate (20%) 0.096 0.052 1.840 0.065 − 0.006 0.199
 Low (10%) 0.879 0.075 11.710 0.000 0.732 1.026

Risk of stroke (over 10 years) 1.255
 High (15%) − 0.741 0.065 − 11.400 0.000 − 0.868 − 0.614
 Moderate (10%) 0.227 0.053 4.250 0.000 0.122 0.332
 Low (5%) 0.514 0.062 8.260 0.000 0.392 0.636

Occurrence of mild hypoglycemia per month 0.659
 2 mild hypoglycemia per month − 0.301 0.057 − 5.290 0.000 − 0.412 − 0.189
 1 mild hypoglycemia per month − 0.057 0.052 − 1.090 0.274 − 0.158 0.045
 0 mild hypoglycemia per month 0.358 0.060 5.960 0.000 0.240 0.475

Risk of depression (over 5 years) 0.523
 High (20%) − 0.287 0.057 − 5.040 0.000 − 0.398 − 0.175
 Moderate (15%) 0.051 0.052 0.990 0.324 − 0.050 0.152
 Low (10%) 0.236 0.059 4.010 0.000 0.121 0.351

Occurrence of severe hypoglycemia per year 2.765
 2 severe hypoglycemia per year − 1.387 0.106 − 13.090 0.000 − 1.594 − 1.179
 1 severe hypoglycemia per year 0.008 0.050 0.160 0.869 − 0.090 0.107
 0 severe hypoglycemia per year 1.378 0.104 13.250 0.000 1.174 1.582

SD* SE Z p CI 95%-low CI 95%-high

Change in the long-term blood glucose levels 
(HbA1c-level)

Worsening at 9.5% 0.878 0.136 6.480 0.000 0.612 1.1434
No change at 9.5% − 0.433 0.196 − 2.210 0.027 − 0.817 − 0.0493
Improvement at 9.5% 0.096 0.172 0.560 0.578 − 0.241 0.4330
Worsening at 7.5% 0.425 0.170 2.510 0.012 0.093 0.7581
No change at 7.5% 0.092 0.137 0.670 0.503 − 0.176 0.3596
Improvement at 7.5% − 1.057 0.423 − 2.500 0.012 − 1.887 − 0.2279
Risk of myocardial infarction (over 10 years)
 High (30%) 0.534 0.078 6.850 0.000 0.381 0.6871
 Moderate (20%) − 0.150 0.068 − 2.190 0.028 − 0.284 − 0.0158
 Low (10%) − 0.384 0.110 − 3.510 0.000 − 0.599 − 0.1694

Risk of stroke (over 10 years)
 High (15%) 0.284 0.091 3.110 0.002 0.105 0.4634
 Moderate (10%) 0.111 0.086 1.300 0.195 − 0.057 0.2786
 Low (5%) − 0.395 0.124 − 3.170 0.002 − 0.639 − 0.1511

Occurrence of mild hypoglycemia per month
 2 mild hypoglycemia per month 0.141 0.092 1.540 0.124 − 0.039 0.3212
 1 mild hypoglycemia per month 0.129 0.084 1.540 0.123 − 0.035 0.2928
 0 mild hypoglycemia per month − 0.270 0.127 − 2.130 0.033 − 0.519 − 0.0216
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Preference pattern of class 1

Preference pattern The preference pattern of the first 
class [N = 73 (32.2%)] is characterized by a very high rat-
ing of severe hypoglycemia, and a clear division of the rel-
evance of the attributes. In this group “occurrence of severe 
hypoglycemia” is followed by the attributes “risk of heart 
attack,” “risk of stroke” and the “occurrence of mild hypo-
glycemia” and the “change in the long-term blood glucose 
levels.” These attributes are close to each other in their val-
iancy for the group, the difference of the preference weights 
is rather small. However, the distance to the first attribute 
is very high. Finally, the “risk of depression” follows at an 
even greater distance. This attribute has a weakly significant 
coefficient only for the lowest level, which would allow the 

presumption that this side effect has no or very little influ-
ence on the decision of this subpopulation (Fig. 4).

Evaluation of structural variables In class 1, the age group 
of the 40–69 years is most frequently represented (N = 64, 
88%). In the comparison of the classes, the share of 84% of 
persons with statutory insurance is the lowest in this class.

Class 1 comprises 67% of all persons of the total sample 
that were “completely dissatisfied” with their health. In addi-
tion, 60% of respondents who reported having experienced 
more than four mild hypoglycemias last month were grouped 
in this class.

The participants classified in class 1 also reported an 
above-average HbA1c level of more than 8.1% (N = 11/73, 
15%). This is the highest proportion of all classes. The same 

Table 2  (continued)

SD* SE Z p CI 95%-low CI 95%-high

Risk of depression (over 5 years)
 High (20%) − 0.162 0.069 − 2.340 0.019 − 0.297 − 0.0266
 Moderate (15%) − 0.121 0.089 − 1.360 0.175 − 0.296 0.0539
 Low (10%) 0.283 0.114 2.480 0.013 0.059 0.5074

Occurrence of severe hypoglycemia per year
 2 severe hypoglycemia per year 1.277 0.104 12.250 0.000 1.073 1.4809
 1 severe hypoglycemia per year 0.023 0.079 0.290 0.773 − 0.132 0.1775
 0 severe hypoglycemia per year − 1.299 0.137 − 9.450 0.000 − 1.569 − 1.0300

N = 227. Obs.: 5448; Log Lik: − 1305.14; AIC: 2670.29; BIC: 2868.38
*The sign of the estimated standard deviations is irrelevant: interpret them as being positive

Fig. 2  Random parameter model with standard deviations (N = 227)
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applies to the fact that 40% of the respondents in class 1 are 
mainly cared for by a family physician. This is also the high-
est proportion of all three classes.

Preference pattern of class 2

Preference pattern The preference pattern of the second 
class (N = 107; 47.1%) differs significantly from class 1.

Very striking in the evaluation of the preference pattern 
in class 2 is that the “change of the long-term glucose level” 
is also the most important attribute in both versions of the 
compound attribute. A change at an initial value of 9.5% is 
weighted slightly higher than changes at 7.5% (Fig. 5).

This is identical to the overall evaluation in the ran-
dom parameter logit model. The placement of the “risk for 

myocardial infarction” in the first three places is identical to 
class 1. The “occurrence of severe hypoglycemia” follows 
closely. Compared to class 1, the “risk of stroke” is ranked 
fifth. However, it is noticeable in the analysis of class 2 that 
all attributes in ranks 3–6 are in total denser. The “occur-
rence of mild hypoglycemia” occupies the penultimate posi-
tion. As in class 1, “risk of depression” ranks in the last 
place.

Evaluation of the structural variables The persons grouped 
in the preference pattern of class 2 above-average said to 
be aged between 18 and 39  years (N = 14/21 in the total 
sample, 67%). Regarding the self-reported state of health, 
it is noticeable that 100% of all patients in the total sam-
ple, who rated their health as “very good” are grouped in 

Table 3  Latent class analysis (3-class-model)

Attribute level Class 1 Class 2 Class 3

Coeff. SE p Coeff. SE p Coeff. SE p

Change in the long-term blood glucose 
levels (HbA1c-level)

Worsening at 9.5% − 0.093 0.272 0.732 − 1.236 0.131 0.000 0.057 0.279 0.838
No change at 9.5% − 0.420 0.220 0.056 − 0.305 0.108 0.005 − 0.318 0.263 0.227
Improvement at 9.5% 0.160 0.222 0.472 0.344 0.107 0.001 − 0.016 0.219 0.940
Worsening at 7.5% − 0.196 0.223 0.380 − 0.321 0.106 0.003 − 0.059 0.254 0.815
No change at 7.5% 0.077 0.220 0.727 0.633 0.109 0.000 0.052 0.218 0.812
Improvement at 7.5% 0.472 0.228 0.039 0.884 0.121 0.000 0.285 0.269 0.290
Risk of myocardial infarction (over 

10 years)
 High (30%) − 0.645 0.170 0.000 − 0.481 0.075 0.000 − 2.081 0.304 0.000
 Moderate (20%) 0.070 0.130 0.591 0.027 0.061 0.664 0.400 0.146 0.006
 Low (10%) 0.575 0.151 0.000 0.454 0.071 0.000 1.681 0.264 0.000

Risk of stroke (over 10 years)
 High (15%) − 0.606 0.162 0.000 − 0.492 0.073 0.000 − 1.494 0.218 0.000
 Moderate (10%) 0.049 0.119 0.683 0.143 0.059 0.015 0.587 0.143 0.000
 Low (5%) 0.558 0.144 0.000 0.349 0.069 0.000 0.907 0.186 0.000

Occurrence of mild hypoglycemia per 
month

 2 mild hypoglycemia per month − 0.413 0.145 0.005 − 0.270 0.073 0.000 − 0.129 0.166 0.439
 1 mild hypoglycemia per month − 0.107 0.128 0.403 0.001 0.063 0.990 − 0.121 0.149 0.416
 0 mild hypoglycemia per month 0.520 0.149 0.000 0.270 0.066 0.000 0.250 0.135 0.065

Risk of depression (over 5 years)
 High (20%) − 0.225 0.132 0.087 − 0.217 0.066 0.001 − 0.484 0.147 0.001
 Moderate (15%) − 0.095 0.131 0.467 0.068 0.061 0.269 − 0.057 0.142 0.691
 Low (10%) 0.320 0.131 0.015 0.150 0.071 0.036 0.540 0.186 0.004

Occurrence of severe hypoglycemia per 
year

 2 severe hypoglycemia per year − 2.584 0.227 0.000 − 0.451 0.074 0.000 − 0.516 0.175 0.003
 1 severe hypoglycemia per year − 0.014 0.109 0.900 0.009 0.061 0.882 − 0.183 0.146 0.210
 0 severe hypoglycemia per year 2.597 0.224 0.000 0.442 0.076 0.000 0.699 0.197 0.000

Patients N = 73 (32.2%) N = 107 (47.1%) N = 47 (20.7%)
Constant (SE) − 0.2385 (0.1911) − 0.7588 (0.2440) (Reference)
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class 2 (N = 5/5). In class 2, there are also above-average 
numbers of patients with a current HbA1c ≤ 6.0% as well 
as persons who have never experienced a severe hypoglyce-
mia (N = 90/181 in the total sample, 50%). This accounts for 
84% within this class (N = 90/107) and represents the high-
est percentage within the three classes. Furthermore, only 
17% of class 2 participants reported to be diagnosed with 
depression as a co-morbidity of diabetes. This represents the 
smallest share of the three classes.

Preference pattern of class 3

Preference pattern A three-part division of the relative 
importance of the attributes is characteristic of the prefer-
ence pattern in class 3 (N = 47; 20.7%). Unlike the first two 

groups, the preference pattern in this class is not determined 
by a characteristic of the glycemic setting, but by co-mor-
bidities of diabetes. The “risk of myocardial infarction” is 
clearly placed on the first rank. It is followed by another co-
morbidity with “risk of stroke”, but with a smaller distance 
than in the first two classes. The “second” division of attrib-
utes is formed by the “occurrence of severe hypoglycemia” 
and “risk of depression” on the places 3 and 4. To this extent, 
this group differs significantly from the other two and also 
the random parameter logit model. It is important to note 
that the risk of depression is ranked fourth (Fig. 6) and the 
three least important characteristics of “occurrence of mild 
hypoglycemia per month” (5th place) and the “change of 
the long-term glucose level” (place 6 for the initial level of 
9.5% and place 7 for changes from 7.5%) have significance 

Fig. 3  Evaluation of the preference patterns for class 1, 2 and 3 (95% CI) and normalized preference pattern class 1, 2 and 3
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values of p > 0.1 for all coefficients. This allows the assump-
tion that both attributes did not affect the decision of this 
subpopulation.

Evaluation of  structural variables Individuals who were 
grouped in the preference pattern of class 3 above-average 

reported to be male (N = 35/47, 75%). In addition, the largest 
share of pensioners (N = 29/47, 61%) of all three groups is 
in class 3. As a result, respondents in class 3 above-average 
reported the age group of ≥ 70 years (15%, the highest pro-
portion of all classes). The proportion of participants who 
have already experienced mild hypoglycemia is also highest 
in this class (N = 40/47, 85%).

In addition, the participants in this class are very expe-
rienced with their diabetes. 85% reported having been 
diagnosed more than 5 years ago. This is the highest pro-
portion of all three classes.

Discussion

Descriptive results

The study sample shows a 60/40 distribution of gender in 
the overall sample for the benefit of the male respondents. 
This corresponds roughly to the current prevalence and 
incidence rate in Germany, which also describes a slight 
accumulation of type II diabetes in the male population 
[43].

With regard to the level of education, the sample shows 
an approximate normal distribution in the education level, 
with slight shifts in favor of the university degree. Identi-
cal to other studies, most included subjects were married.

Table 4  Structural and personality traits per class

−, −−  low number of respondents, +, ++  high number of respond-
ents

Structural and personality traits Class 1 Class 2 Class 3

Age
 18–39 years ++
 40–69 years ++ −
 ≥ 70 years +

Subjective assessment of own health
 Excellent/ very good ++
 Completely dissatisfied ++ −

Time of diagnosis
 ≤ 1 year ++ −−
 2–5 years + −−
 > 5 years − ++

Co-morbidity: depression + −− +
Medical care by
 General Practitioner/family physician +
 Diabetes specialist practice +

Fig. 4  Preference pattern class 1 (95% CI)
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Fig. 5  Preference pattern class 2 (95% CI)

Fig. 6  Preference pattern class 3 (95% CI)
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It is striking that the study sample is very experienced 
with diabetes. 42.3% were diagnosed between 10 and 
20 years ago, another 11.0% even more than 20 years ago.

The present study shows a comparable number of dia-
betic patients treated with insulin therapy compared to other 
European preference studies in diabetes type II. While the 
number of subjects in Aristides et al. was N = 290 [44], the 
current study recruited a total of N = 227 diabetic patients. 
Guimarães et al. recruited 274 patients, but not exclusively 
those with type II [45, 46]. Mühlbacher et al. interviewed 
N = 626 patients with type II diabetes, but the focus here was 
on therapy with oral antidiabetics [47].

Rankings and the importance of patient‑relevant 
endpoints

In the conditional logit model as well as the random param-
eter logit model, all six included attributes had a significance 
level of p ≤ 0.01 (99%) for at least two levels. From this, it 
can be concluded that the decision-making model included 
patient-relevant properties. The results of the DCE show 
that efficacy dominates the side effects in importance. It is 
noticeable that the “occurrence of severe hypoglycemia” was 
rated markedly higher, than the “change in the long-term 
blood glucose levels” or the secondary diseases in almost 
all analyses. In addition, the Latent Class analysis provides 
clear indications that there are strong differences between 
different patient groups and that the overall picture of the 
random parameter logit model must be considered more 
differently.

Occurrence of severe hypoglycemia

Patients know about the essential meaning of the attribute. 
This is reflected in the DCE. In the random parameter model, 
the “change of the long-term glucose levels (HbA1c value)” 
occupies the first place by far. This is also in line with the 
results of the AHP. However, it must be mentioned here that 
the “occurrence of severe hypoglycemia” was placed to the 
first rank only by the experts. In patients, the characteristic 
was of lesser importance.

Risk of myocardial infarction (over 10 years)

The risk of a myocardial infarction is significantly 
increased in diabetics compared to non-diabetics. Over 
a period of 10 years, the incidence of heart disease in 
healthy people is around 3%, while this rate is between 
15 and 20% for diabetics [48]. The “risk of myocardial 
infarction (over 10 years)” was rated second highest in 
the overall analysis of the random parameter logit model 
following the occurrence of severe hypoglycemias. A pos-
sible explanation for this is that the affected persons are 

aware of the correlations between hypoglycemia and the 
increased risk of myocardial infarction. It has been shown 
in studies that the first cardiovascular event occurs only an 
average of 1.5 years after the first onset of hypoglycemia 
[49].

Patients thus seem to combine a limitation of their per-
formance and a reduction in their quality of life. Neverthe-
less, the experience with cardiovascular disease seems to 
be relatively small in the included sample. Only 7.5% of 
respondents stated that they had already had a heart attack 
in the past.

Risk of stroke (over 10 years)

Like the risk of myocardial infarction, risk of stroke is 
significantly increased in patients with diabetes mellitus 
type II compared to the healthy population [48]. This is 
obviously also registered by the patients and correspond-
ingly taken into account in the evaluation of therapeutic 
alternatives. Asked about the average 10 years-risk for a 
patient with diabetes to suffer from a stroke, the majority 
of patients (75.7%) responded “10–15%” or “even more 
than 15%”.

Hence, the “risk of stroke (over 10 years)” (taking into 
account the level difference between the best and the worst 
level) ranks third in the random parameter logit model.

Change in the long‑term blood glucose levels

The “change of the long-term blood glucose levels” is 
weighted fourth and fifth in the random parameter logit 
model (considering the difference between the best and 
the worst). The change in the HbA1c value is thus of great 
importance and a change at an initial value of 9.5% is 
weighted slightly higher than changes at 7.5%.

The high importance of the HbA1c value has been dem-
onstrated in several studies [50, 51]. The first rank in all 
models of the present study underlines this high impact and 
is, therefore, in agreement with the currently available lit-
erature on other preference studies. Analogously to the study 
of Bøgelund et al. [52] and Hauber et al. [53], the attribute 
“long-term blood glucose level” could be determined as a 
very important patient-relevant property. Similar results are 
also found in the study by Mühlbacher/Bethge. Here the 
“change of the long-term blood glucose” was the second 
most important criterion in the (hypothetical) therapy deci-
sion [47]. The correct setting of the long-term sugar value 
and the associated short-term and especially long-term pre-
vention of secondary diseases is the ultimate goal of any 
diabetic therapy [54]. Thus, patient perspective and endpoint 
relevance are consistent with clinical studies.
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Occurrence of mild hypoglycemia

The occurrence of mild hypoglycemias per month is placed 
in sixth place. Hence, the results in this study seem to differ 
from other preference studies in the evaluation of treatment 
options in the treatment of type II diabetes. The study by 
Gelhorn et al. showed a possible hypoglycemia in the first 
place followed by the adjustment of the HbA1c value [55]. 
The study by Aristides et al. was able to demonstrate the 
high significance of the possible hypoglycemia from the 
patient’s perspective. In their preference study in insulin-
treated patients the occurrence of hypoglycemia was most 
important for the patients [44]. However, it must be borne 
in mind that these preference studies did not distinguish 
between the occurrence of mild and severe hypoglycemia. 
This distinction and the consideration of both forms is a 
special feature of the present study. Gelhorn et al. as well as 
Aristides et al. related only to “possible hypoglycemias”. If 
this fact is considered, the results are concordant, because 
the current study also shows that “hypoglycemias” are the 
first place and could be identified as crucial patient-relevant 
characteristic.

Many of the patients surveyed know mild hypoglycemias. 
When asked whether they had ever experienced mild hypo-
glycemia, a total of 72.2% of respondents answered “yes”. 
However, a mild hypoglycemia was only fifth in overall eval-
uation. It can be assumed that due to the familiarity with this 
effect and its less severe symptoms/consequences it is of less 
importance for the patients.

Risk of depression (over 5 years)

Along with diabetes, the risk for further complications, such 
as depression or dementia, increases [17, 56]. Diabetes dou-
bles the risk of depression compared to a healthy person. 
However, the “risk of depression” is of little or no relevance 
to diabetic patients facing a decision about a care program. 
This is shown both in the random parameter logit, as well as 
in the latent class analysis and is expressed by the relatively 
low coefficients and the lack of significance in some levels. 
Thus, this attribute occupies only the last place (taking into 
account the difference between the best and the worst.) In 
response to the question of whether a depression/depressive 
episode has been diagnosed following diabetes, 22.5% of 
respondents answered “yes”, 67.0% answered in the nega-
tive, and 10.6% were “not sure”.

Heterogeneities: latent class analysis

Based on the model quality criteria, a three-class model was 
chosen. The three groups of participants show clearly differ-
ent weights of the therapeutic properties. The number of par-
ticipants is not fully equally distributed to the three classes: 

as expected, one group of respondents considers changing 
the long-term blood glucose (HbA1c value) as the main 
goal. Another group is solely interested in the short-term 
effectiveness of diabetes management and thus the reduc-
tion in the number of severe hypoglycemias. Surprisingly, 
another group assessed the risk of cardiovascular problems, 
such as heart attacks and strokes, the highest.

Class 1: Focus on the occurrence of severe hypoglycemia

The preference pattern of class 1 (N = 73) is determined by 
a focus on “occurrence of severe hypoglycemias per year” 
(LD 5.181, rank 1). The risk of myocardial infarction (over 
10 years) (LD 1.219, rank 2) and the risk of stroke (over 
10 years) (LD 1164, rank 3) follow at a very great distance. 
Respondents clearly rate higher numbers of severe hypogly-
cemia negatively. The focus on the reduction of the frequen-
cies of severe hypoglycemia dominates all other character-
istics of care.

Striking in this class is a very clear “threefold” of the 
attributes. The occurrence of severe hypoglycemias is fol-
lowed by four attributes (“risk of myocardial infarction”, 
“risk of stroke”, “occurrence of mild hypoglycemia”, 
“change of the long-term blood glucose level”) that are 
closely related in terms of their value for the group. This 
is illustrated by the small difference in the preference coef-
ficients of these four features. Finally, the “risk of depres-
sion” follows at an even greater distance. For this attribute, 
a weakly significant coefficient can only be calculated for 
the lowest level, which allows the presumption that this 
side effect has little or no influence on the decision of this 
subpopulation.

Class 1 clearly highlights the short-term and immedi-
ate success of diabetes management (“occurrence of severe 
hypoglycemia”). There is a nearly linear course in which 
the absence of severe events (0× per year) is rated mark-
edly higher than “1 severe hypoglycemia per year”. These 
characteristics, in turn, clearly dominates the worst level “2× 
per year”.

This preference pattern is also reflected in the evaluation 
of the structural variables. It is striking that the class com-
bines the largest proportion of patients who have already 
experienced severe hypoglycemia (53% of all respondents). 
This can serve as an explanation approach for the high value 
of the attribute.

In addition, 67% of all persons in the overall sample 
who said they were “completely dissatisfied” with their 
health have high probabilities of belonging to class 1. This 
fact might also explain why the short-term and potentially 
directly life-threatening (accompanying) symptoms of dia-
betes—severe hypoglycemia, myocardial infarction and 
stroke—are among the top places. Patients in this group are 
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concerned about their health and want to avoid these seri-
ous effects.

Furthermore, 54% of all respondents who prefer the doc-
tor to make the final decision on treatment are found in class 
1. In addition, 40% of the respondents in class 1 are mainly 
cared for by the family physician. This is also the highest 
proportion of all three classes.

In this respect, it can be assumed that the management 
of diabetes and the doctor-patient communication in this 
group have a clear influence on the patient’s therapeutic 
preferences. Patients in class 1 seem to follow the recom-
mendations of their (family) doctors on their treatment or 
everyday life.

Class 2: Focus on changing the long‑term blood glucose

The objective ranking in class 2 (N = 107) is clearly deviat-
ing from class 1. Like the first class, a triple division is also 
recognizable, but with smaller distances in importance. In 
the second class the “change of the long-term blood glucose 
levels” is most important (LD 2120). This is particularly 
striking, since this characteristic is placed first only in this 
class. In the other two classes, the “change of the long-term 
blood glucose levels” occupies the fifth place. The ranking 
of the “risk for myocardial infarction” (LD 0.935) in the 
second place is identical to class 1, but the difference to the 
most important attribute is significantly lower than in the 
first class. With “occurrence of severe hypoglycemias per 
year” (LD 0.893) and “risk of stroke” (LD 0.841) on the 
places 3 and 4, it is followed by attributes, which are rela-
tively similar in their relative importance to “risk of myocar-
dial infarction”. These three attributes appear to be valued 
by the patients in combination.

Class 2 clearly emphasizes the long-term and lasting 
adjustment of the blood glucose in the context of diabetes 
management. Only in this class a nearly linear course over 
all levels of the attribute can be seen. For both hypothetical 
“initial values” of 7.5 and 9.5% an improvement is valued 
significantly higher than a constant value. Both clearly domi-
nate the worst level of “deterioration”. It is also noticeable 
that the changes at an initial value of 7.5% each achieve 
higher coefficients and consequently were seen as more rel-
evant by the patients in this subgroup.

This preference pattern is also reflected in the evaluation 
of the structural variables. It is noteworthy that the majority 
of respondents with a current HbA1c ≤6.0% and 49% of all 
respondents in the range of 6.1–7.0% were grouped in class 2 
(based on the individual probability of class membership). In 
addition, patients in this class are relatively newly diagnosed 
with diabetes.

For this class, the expert care and the structured manage-
ment of their diabetes seem particularly interesting. This 
is reflected in the fact that most of respondents who are 

enrolled in a care program, such as DMP, are grouped in 
class 2. In addition, patients in this class prefer treatment in 
diabetes centers or specialist practices.

Class 3: Focus on cardiovascular events

The third group shows a different picture. For class 3 
(N = 47) the focus is on avoiding cardiovascular events. Dia-
betes is a risk to the heart and blood vessels and can lead to 
congenital damage such as circulatory disorders, increased 
strokes and heart attacks. This seems particularly relevant 
to the patient in this class. Consequently, the “risk of heart 
attack (over 10 years)” (LD 3762) is the most important 
attribute that dominates all other characteristics. In the sec-
ond place, a second cardiovascular event follows—“risk of 
stroke (over 10 years)” (LD 2401). Patients in class 3 focus 
solely on the risk of these secondary diseases, regardless of 
the frequency of hypoglycemia or adjustment of the long-
term glucose level.

In this class, the “risk of depression (over 5 years)” is 
ranked fourth and hence ranked highest in the comparison 
of the three classes. This supports the assumption that the 
patients in this group focus exclusively on long-term follow-
up and secondary diseases when choosing a care program.

Consequently, in this class, the “change of the long-term 
glucose level” and the “occurrence of mild hypoglycemia 
per month” fall back on the penultimate and last position. 
These two attributes do not produce any significant coef-
ficients for any of the levels and are thus irrelevant for this 
patient group.

82% in class 3 reported suffering from hypertension. This 
is the highest proportion of all classes. Since hypertension is 
another risk factor for cardiovascular events, a further expla-
nation for the shown preference pattern could be included 
herein. In addition, the participants in this class are very 
experienced with their diabetes. 85% in the class reported 
having received the diagnosis more than 5 years ago. This 
is also the highest proportion of all three classes. Finally, 
above average, they stated to be male. It can be concluded 
that these experienced, elderly patients are very sensitive 
to long-term consequences of their diabetes with regard to 
cardiovascular events, regardless of the short-term effective-
ness of a diabetes management.

Limitations

Although the use of the DCE method in the field of diabetes 
therapy could be demonstrated, some limitations are to be 
taken into account in the analysis, interpretation and gener-
alization of the data.

Respondents were recruited by means of an external ser-
vice provider. This may have influenced the study population 
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regarding individual parameters (selection bias) and cannot 
be verified in its entirety.

The use of the “forced choice” integrated into the DCE 
forced participants to choose one of the presented therapy 
alternatives. This does not necessarily reflect reality and does 
not mean that the patients would also choose the alternatives 
shown in reality. A non-forced choice is recommended to 
forecast willingness to pay or demand. Because this was not 
the objective of this study, this limitation appears reason-
able. The advantage of the chosen variant lies in the data 
quality.

Attributes in a DCE must be formulated in such a way 
that respondents clearly and concisely understand the 
meaning of the attribute. Especially risk attributes should 
be explained thoroughly in the course of the DCE to avoid 
mistakes based on difficulties in understanding probabilities 
and the concept of risk. Most recent studies apply a com-
bination of quantitative description and visual support to 
present risk attributes. Regarding the number of risk attrib-
utes, some studies used the same number of risk and ben-
efits attributes (e.g. [57]), other use more risk than benefit 
attributes (e.g. [58]) or less risk attributes (e.g. [59]). The 
use of risk attributes in DCEs is repeatedly highlighted as 
an area for further research. Basically, the number of risk 
attributes is discussed less critically than the way in which 
a risk attribute is to be communicated and presented/framed 
to respondents. Special attention is needed towards attributes 
involving a description of risk as risks are often perceived 
as difficult to interpret. The number of risk attributes within 
the recommended number of attributes in general in a DCE 
does not seem to influence the overall result. More important 
seems to be how respondents perceive and evaluate the risks 
presented. Since there is no guideline on how to present risk 
attributes, further research is needed on how to deal with or 
overcome framing effects [60, 61].

For the experiment, a d-efficient design with prior esti-
mates was used. D-optimal designs attempt to maximize 
attribute level differences and might lead to lexicographic 
choice behavior. However, as D-optimal designs focus on 
the attribute level differences no prior estimates are used for 
constructing these designs.

The mixed logit model outperformed the conditional 
logit model in terms of model fit criteria and magnitude of 
coefficients. All coefficients in the mixed logit model were 
assumed to be normally distributed. Other distributions were 
not assumed to be applicable, e.g. uniform. This remains a 
limitation in the analysis.

In the latent class analysis, the parameter estimates for 
the middle level of “risk of depression” and “occurrence 
of severe hypoglycaemia” are not significant. Respondents 
seem to only value the extreme levels of these attributes. 
This finding was not yet analyzed in more detail, but it could 
also be a behavioral issue. Respondents might have clear 

preferences for the attributes, but behaviorally regard these 
attributes as a binary outcome. Further analyses will be run 
on this.

As other studies have shown, preferences can depend on 
cultural background, expectations and attitudes of the study 
sample, and the current health system as a context factor 
[62]. When interpreting and generalizing these results, it 
should be taken into account that the study was based on a 
German population and conducted in mid-2017.

Finally, preferences might be influenced by different cir-
cumstances. Hence, the given information on attributes and 
levels, the patient’s background of experience, as well as 
cognitive abilities are decisive [63, 64]. Preferences can thus 
vary depending on the decision context.

Conclusion

Diabetes as a chronic disease places high demands on the 
compliance and adherence of patients. The success of the 
therapy is determined by various factors such as adherence 
to the recommended blood glucose monitoring or the docu-
mentation of blood glucose profiles. The use of personal-
ized approaches to diabetes management is discussed on an 
international level and the success has been demonstrated 
in the first studies. Studies show that personalized diabetes 
management can increase the effectiveness and efficacy of 
therapy and improve treatment outcomes [19–22].

Decisions on diabetes therapy and/or management are 
very complex and require trade-offs between possible out-
comes and simultaneous risks and secondary diseases. The 
present data show that patients have the highest weight on 
the “occurrence of severe hypoglycemias per year”. On the 
second place is “change of the long-term blood glucose level 
(HbA1c level)”, followed by “risk of myocardial infarction 
(over 10 years)” (considering the 95% confidence interval). 
Thus, the reduction of the metabolic derivate as well as the 
optimal adjustment of the HbA1c level within the framework 
of a possible choice of a management approach has the deci-
sive importance for the diabetic patients.

Even if it appears surprising that the “occurrence of 
severe hypoglycemia” is weighted higher than the “change 
in long-term blood glucose level” from patients’ perspec-
tive, this can be supported by current studies. In the sample, 
more than 75% of respondents stated that they were older 
than 50 years. According to recent studies from the USA, 
a “normal” setting of the blood glucose can already mean 
an over-therapy, especially in elderly and comorbid diabetic 
patients. For them, the risks outweigh the desired benefits 
of drug treatment [65].

Considering the limitations, the results are also valuable 
for the doctor–patient relationship and the diabetes man-
agement. The DCE provides a practical approach that can 
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help improve communication between patients and care pro-
viders. This approach has the potential to support clinical 
and allocative decision-making and to improve the quality 
of interpretation of clinical data in the long term. Diabetes 
management and therapies can be designed more patient-
oriented based on the findings obtained. In addition, more 
effective and efficient care can be achieved and patient ben-
efit increased [66].
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