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Abstract
Objective This study aimed to elicit preferences for attributes of current and novel long-acting antiretroviral therapy for 
human immunodeficiency virus treatment.
Methods Primary survey data were collected (July–October 2022) on a sample of 333 people living with human immuno-
deficiency virus in Germany from a patient recruitment agency. Respondents were invited by e-mail to respond to a web-
based questionnaire. After performing a systematic literature review, we conducted qualitative semi-structured interviews to 
identify and select the key attributes of drug therapy for patients’ preferences for human immunodeficiency virus treatment. 
Based on this, a discrete choice experiment survey elicited preferences for long-acting antiretroviral therapy characteristics, 
including the type of medication, frequency of dosing, the location of treatment, the risk of both short-term and long-term 
side effects, as well as possible interactions with other medications or (party) drugs. A statistical data analysis was performed 
using multinomial logit models. An additional latent class multinomial logit was performed to evaluate subgroup differences.
Results Overall, 226 respondents (86% male, mean age 46.1 years) were included in the analysis. The frequency of dosing 
(36.1%) and the risk of long-term side effects (28.2%) had the greatest influence on preferences. The latent class analysis 
identified two patient groups. While the first class (n = 135; 87% male, mean age 44.4 years) found the frequency of dosing 
(44.1%) to be most important, the second class (n = 91; 85% male, mean age 48.6 years) focused on the risk of long-term side 
effects (50.3%). The evaluation of structural variables showed that male respondents, those living in small cities or villages, 
and those with better health status results were significantly more likely to be assigned to the second class (p < 0.05 each).
Conclusions All attributes included in our survey were important to participants when choosing an antiretroviral therapy. 
We found evidence that the frequency of dosing as well as the risk of long-term side effects have a particular impact on the 
acceptance of novel therapy regimens and should be considered in order to optimize adherence and satisfaction.

1 Introduction

The human immunodeficiency virus (HIV) is a pathogen 
that damages the immune system, which weakens the ability 
to fight everyday infections and diseases [1]. As the virus 
destroys and impairs the function of immune cells, people 
with HIV gradually become immunodeficient. The most 
advanced stage of HIV infection is the acquired immunode-
ficiency syndrome. Acquired immunodeficiency syndrome is 
defined by the development of certain cancers, infections, or 
other severe long-term clinical manifestations [2]. To date, 
despite intensive studies, neither curative drugs nor preven-
tive vaccines are available [2–4]. However, with increasing 

access to effective antiretroviral therapies (ARTs) enabling a 
longer life expectancy for people living with HIV, the infec-
tion has become a manageable chronic health condition [2]. 
Current ARTs suppress viral replication and allow an indi-
vidual’s immune system recovery to strengthen and regain 
the capacity to fight off opportunistic infections and some 
cancers [2].

Human immunodeficiency virus continues to be a 
major global public health issue; for example, in 2021, 
1.5 million people became newly infected with HIV and 
650,000 people died from HIV-related causes [2, 3]. In 
this regard, the United Nations Program for HIV/Acquired 
Immunodeficiency Syndrome (called UNAIDS) had set 
itself three treatment goals (“90-90-90 target”) to be reached 
by 2020: (1) 90% of all people living with HIV will know 
their HIV status; (2) 90% of all people with diagnosed HIV 
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Key Points for Decision Makers 

Targeted antiretroviral therapy for human immunodefi-
ciency virus treatment is important. Therefore, this study 
provides evidence on patient preferences for current and 
novel long-acting antiretroviral therapy attributes.

Based on a discrete choice experiment, the frequency 
of dosing (36.1%) and the risk of long-term side effects 
(28.2%) were most important for patients. The latent 
class analysis demonstrated significant differences 
between two patient groups; while the first class found 
the frequency of dosing (44.1%) to be most important, 
the second group focused on the risk of long-term side 
effects (50.3%).

The results may inform policymakers, physicians, 
research institutions, and other stakeholders about 
patients’ preferences of novel long-acting antiretroviral 
therapies for human immunodeficiency virus treatment.

infection will receive sustained ART; and (3) 90% of all 
people receiving ART will have viral suppression [5]. In 
Germany, the total number of people living with HIV was 
estimated to be approximately 90,800 in 2021, with 1800 
people who became newly infected with HIV [6]. Currently, 
approximately 96% of all people both living and diagnosed 
with HIV in Germany are accessing ART (79,100 out of 
82,100) [6]. Thereby, 96% of all people receiving ART will 
have viral suppression (i.e., having a viral load of <200 
copies/mm3) [7]. In 2020, all three treatment values were 
reached in Germany for the first time, with the second and 
third target values even being far exceeded (90%, 97%, and 
96%, respectively) [7].

At the same time, a widening of the spectrum of available 
drug therapies regarding both the type of medication and the 
frequency of dosing can be observed. Innovative and novel 
therapeutic regimens are accompanied by new active princi-
ples (e.g., an attachment inhibitor [fostemsavir/Rukobia®] or 
a monoclonal antibody [ibalizumab/Trogarzo®], additional 
forms of doses (e.g., depot injection [cabotegravir/Vocabria® 
in conjunction with Rilpivirine /Rekambys®]), and longer 
application intervals (e.g., monthly or bimonthly). These 
research advances specifically comprise the availability of 
single-tablet daily regimens for HIV [8], injection-based 
therapies (e.g., under the skin, into muscle) [9], longer act-
ing formulations of pill-based or injection-based regimens 
[9], and others. Achievements might have the potential to 

modify current treatment routines for certain patient groups; 
for example, for those with suboptimal adherence, confiden-
tiality/privacy concerns, as well as the emotional burden and 
other barriers of daily dosing [8, 9]. Thereby, the emergence 
of novel long-acting therapy regimens requires both patients 
and providers to navigate a complex array of ART char-
acteristics (e.g., pill burden, side effects, drug interactions, 
long-term toxicities, out-of-pocket costs) moving away from 
a “one-size-fits-all model” [10, 10]. This may have an impact 
on patient satisfaction, ART initiation, adherence, treatment 
effectiveness, and the quality of life of people living with 
HIV [8, 9, 12, 13]. Therefore, it seems necessary to elicit 
patient preferences for both current and novel long-acting 
ART regimens to evaluate their acceptance. The results from 
this study could thus improve our understanding of patient 
preferences for innovations in HIV therapy regimens [10] 
as well as enable better matching of treatments to patient 
expectations [11].

Previous studies have already explored patient prefer-
ences for HIV treatment [1, 9–11, 13–18]. For example, 
Mühlbacher and colleagues have conducted a discrete choice 
experiment (DCE) in a German population in 2009/2010, 
and demonstrated a high impact of quality-of-life-related 
attributes on patient preferences for the selection of treat-
ments. In particular, the emotional quality of life (i.e., dis-
ease not obvious for others) was most important followed 
by the physical quality of life (i.e., diarrhea, nausea less 
frequent) and the social quality of life (i.e., participation in 
social life possible) [17]. Another study showed that people 
living with HIV in the USA valued minimizing side effects 
and long-term toxicities over dosing and administration 
characteristics [13]. Another preference-revealing study is 
being carried out in the USA to learn more about prefer-
ences for both current and novel HIV treatment regimens; 
with the results still to be published [8]. So far, to the best of 
our knowledge, DCEs have not yet been conducted to elicit 
patient preferences for both current and novel HIV treatment 
regimens in Germany.

Therefore, the present study aims to elicit patient prefer-
ences for both current and novel HIV treatment regimens in 
Germany and to explore in greater detail the heterogeneity 
in preferences of people living with HIV. The latter might 
increase the understanding of how preferences might diverge 
depending on characteristics (e.g., age, gender) [10, 13, 18].

2  Methods

This study used a mixed-methods approach. After 
performing a systematic literature review, we conducted 
qualitative semi-structured interviews to identify and select 
the most important attributes for patients’ preferences for 
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HIV treatment in Germany. Based on this, a DCE was 
developed and performed to elicit patients’ preferences 
for HIV treatment relevant attributes and to quantitatively 
determine their relative value. Instead of ranking or rating 
different attributes, as is done in traditional importance 
elicitation formats, DCEs perform a pairwise comparison 
of hypothetical alternatives (i.e., differently configured HIV 
treatments) and ask the participants to choose between them 
[19]. Based on the decisions, DCEs can help understand 
which characteristics (termed attributes) are preferred by 
consumers and determine the relative value of each attribute 
[20, 21]. The design and analysis of the DCE were based on 
standardized research practices for undertaking a conjoint 
analysis of the ISPOR Conjoint Analysis Good Research 
Practices Task Force [22–24].

2.1  Systematic Search Procedure

In a first step, we conducted a systematic search proce-
dure on MEDLINE (via PubMed), the Cochrane Library, 
and PsycINFO to identify studies assessing patients’ pref-
erences for HIV treatment. The search was carried out in 
March 2022 and aimed at identifying English and German 
language literature published since 2010 (Electronic Sup-
plementary Material [ESM]). In addition, we screened refer-
ence lists of identified research articles for further articles. 
The review complied with the Guideline from the Cochrane 
Collaboration [25]. Our search strategy was segmented into 
three components. The first component referred to patient 
preferences (e.g., priorities, expectations, perceptions, 
attitude), the second component to drug therapy respec-
tively anti-HIV agents (e.g., anti-HIV agents, drug therapy, 
ART), and the third component to HIV infections (e.g., 
HIV, acquired immunodeficiency syndrome) [see ESM for 
a detailed information of the search procedure]. As a result, 
8608 potentially relevant papers were identified in the elec-
tronic databases. After eliminating duplicates and judging 
titles and abstracts in a first step as well as full papers in 
a second step, 43 studies were considered relevant. Those 
studies investigated patients’ preferences for HIV treatment 
using qualitative research (n = 11), quantitative research (n 
= 16), mixed-methods studies (n = 3), systematic reviews/
meta-analysis (n = 3), as well as DCEs (n = 10) [see ESM 3 
for an overview of the included studies]. In sum, we derived 
34 different attributes from the 43 studies (ESM). We added 
two further attributes (e.g., suitability for daily use, ease of 
use) based on German HIV expert consultations. To reduce 
the number of attributes, we discussed the relevance of each 
attribute regarding the context within the German health-
care system (e.g., the cost of services [26, 27] does not play 
an important role in the German setting from the patient’s 
perspective), discussed the attributes with the involvement 
of HIV experts, and qualitatively ranked the importance of 

each attribute. Following this, nine attributes remained for 
the next qualitative step.

2.2  Qualitative Steps

2.2.1  Semi‑Structured Interviews

In total, we qualitatively surveyed (May to June 2022) 15 
randomly selected people with confirmed HIV status from 
a patient recruitment agency (Liberating Research, LR) liv-
ing in Germany (40% female, mean age 42.9 years). Writ-
ten informed consent was obtained from all participants. 
Respondents were mailed a short survey before conduct-
ing the semi-structured interviews. This enabled us to learn 
more about the HIV history of the interviewees and their 
initial assessments of the relevance of the nine attributes. For 
example, each respondent was asked to rate each attribute on 
a 1–5 scale (1 = not all important, 5 = extremely important). 
The aim of the semi-structured interviews was to discuss 
the previously identified attributes and their relevance from 
the perspective of people living with HIV in the German 
healthcare setting, ask for possibly missing attributes, clarify 
the wording, specify both level characteristics as well as 
short descriptions, and to evaluate the comprehensibility 
of hypothetical choice tasks for the DCE (see below). The 
interviews were conducted online via MS Teams, recorded, 
transcribed, and analyzed verbatim by using MAXQDA 
(Release 2020.4.2). Individuals who completed the qualita-
tive study received 30 Euros. We did not collect personal 
data such as addresses, names, or phone numbers. Based 
on all steps, six attributes were derived that were of major 
importance for HIV treatment from the patients’ perspective, 
which are as follows: the type of medication, the frequency 
of dosing, the location of treatment, the risk of short-term 
side effects, the risk of long-term side effects, as well as pos-
sible interactions with other medication or (party) drugs (see 
Table 1 for an overview of all attributes and corresponding 
levels). In contrast, the following three attributes were not 
included in the DCE because of a lower relevance from the 
patients’ perspective: the suitability for daily use, the ease of 
use, and the risk of HIV-related stigma (privacy concerns).

2.3  Quantitative Steps

We used Sawtooth Software (Lighthouse Studio Version 
9.14.0) to both program and conduct the survey. The ques-
tionnaire began with demographic and self-reported health 
status questions, and ended with HIV-related questions after 
the DCE choice sets. The experiment was designed as a full 
profile design and was generated using the balanced overlap 
method to permit estimation of the main effects and interac-
tions, as well as D-optimal procedures to maximize statisti-
cal efficiency [28]. [The strength of design for our research 
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model is 940.53503.] In this context, a full profile design refers 
to a design that ensures the inclusion of all possible attributes 
across the choice sets presented to survey respondents. We set 
forced-choice tasks (i.e., choice sets had no option to opt out, as 
opting for no treatment is not a rational option [1, 29]) and two 
hypothetical HIV treatments. Thus, respondents were forced 
to make trade-offs between attributes and their levels. The 
method offers practical advantages such as closeness to reality 
as trade-off decisions are part of everyday life [19]. This can 
provide valuable insights into how patients prioritize and trade-
off different attributes or levels when making HIV-treatment 
related decisions. As stated above, HIV treatments differed in 
six attributes with between two and five levels (see Table 1). In 
DCE research, four to eight attributes per choice set are seen as 
appropriate [30, 31]. Figure 1 provides one hypothetical choice 
task as an example. The questionnaire was pilot tested for clar-
ity and comprehensibility with 15 people living with HIV in 
Germany and slightly modified accordingly (e.g., we slightly 
modified the wording of two questions to improve understand-
ing). The latter included a comprehensive qualitative discussion 
with the respondents about the final version of the survey as 
well as a quantitative analysis based on the 15 responses to 
detect implausible responses. [Please note that the final word-
ing of all attributes, levels, and corresponding descriptions had 
already been examined during the qualitative part of this study.]

Orme’s often-used rule-of-thumb calculates a sample 
of 104 participants for a DCE having our design specifi-
cations (i.e., 12 choice tasks per respondent, two alterna-
tives, two to five levels per attribute) [32]. This sample 

size was discussed as being the lowest limit for a main 
effects estimation. However, we aimed at doubling this 
number (i.e., to include at least 208 participants) following 
more advanced recommendations for statistical robustness 
[33].

2.4  Study Sample

To be included in either the qualitative or quantitative part 
of our study, patients had to be at least 18 years of age, to 
be a current resident in Germany, to have a confirmed HIV 
status, to be taking ART, and to have appropriate language 
skills in German. Final questionnaires were sent by e-mail 
to 333 randomly selected respondents with confirmed HIV 
status from a patient recruitment agency (LR) between 
July and November 2022. On registering, all patients pro-
vide LR with both their e-mail address and phone number 
to ensure direct contact for survey participation purposes. 
LR, which maintains the panel, invited eligible members 
and referred them to the online survey. The registered 
panel of people living with HIV in Germany at LR is 
representative in terms of gender and age for all patients 
in Germany and was also surveyed in other HIV-related 
research [9]. As an incentive, patients received between 
20 Euros and 40 Euros, with at least 10% of the incentive 
being donated to a German HIV charity.

Table 1  List of attributes and 
levels used in the DCE

DCE discrete choice experiment

Attributes Description and levels given in the DCE questionnaire

Type of medication Pill-based treatment
Subcutaneous injection (into the subcutaneous fatty tissue)
Intramuscular injection (into the muscle)

Frequency of dosing Daily
Weekly
Every 2 months
Every 3 months
Every 6 months

Location of treatment Physicians’ practice/hospital (medical staff administers treatment)
Home-based (self-administered treatment)

Risk of short-term side effects Low risk (1 of 1000 patients will experience short-term side effects)
Moderate risk (10 of 1000 patients will experience short-term side effects)
Higher risk (100 of 1000 patients will experience short-term side effects)

Risk of long-term side effects Low risk (1 of 1000 patients will experience long-term side effects)
Moderate risk (10 of 1000 patients will experience long-term side effects)
Higher risk (100 of 1000 patients will experience long-term side effects)

Interaction with other medica-
tion or (party) drugs

No medication/drug interactions occur
Increased risk of reduced effect due to (party) drugs
Increased risk of reduced effect due to other medication
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2.5  Survey Administration

In total, the survey consisted of four parts (ESM). First, we 
collected general sociodemographic information on partici-
pants (e.g., age, gender) before asking for HIV-treatment 
related issues (e.g., the year of both diagnosis and first 
treatment, current HIV treatment) in the second part. After-
wards, respondents were presented with information on all 
six attributes as well as corresponding levels and were asked 
to rate each attribute on a 1–5 scale (1 = not all important; 5 
= extremely important) as well as to select the single most 
important attribute for the therapy choice. In the following, 
participants had to answer 12 DCE choice tasks, in which 
they were asked to choose between two treatment options. 
In the fourth part, respondents were asked to respond to fur-
ther preference-related items regarding the different types of 
therapy regimens.

2.6  Statistical Methods

Analyses of general survey questions were performed using 
SPSS (released 2019, IBM SPSS Statistics for Windows, 
Version 26.0; IBM Corp. Armonk, NY, USA). Descriptive 
statistics were used to examine demographic and experience-
related variables. Discrete choice experiment analyses were 
performed using R Statistical Software (Version 4.2.2; R 
Foundation for Statistical Computing, Vienna, Austria) and 

the corresponding mlogit-packages by Croissant (2020) [34] 
and “gmnl” by Sarrias and Daziano [35].

In our analysis, we tested different MNL and random 
parameter logit (RPL) models to identify the best-fitting 
model (ESM). As a benchmark, we used a MNL model 
with attributes as explanatory variables and assumed 
homoscedastic errors. In alternative models, we included 
heteroscedastic errors and additional explanatory variables. 
[We consider it relevant to test for heteroscedasticity, 
as unnoticed heteroscedasticity may bias the estimates 
of nonlinear models (e.g., logit models) [36]]. Overall, 
we did not find improvements in using the variations. 
Both, Akaike Information Criterion (AIC) and Bayesian 
Information Criterion (BIC) point at the benchmark model 
to be the best-fitting model. Despite significant scaling 
factors, heteroscedastic errors were rejected by the Wald 
test, likelihood ratio test, and Lagrange multiplier test. 
Including an intercept or sociodemographic variables (i.e., 
age, gender, education, place of living, sexual orientation, 
and health state) as additional explanatory variables did not 
detect statistically significant changes. In order to test for 
unobserved heterogeneity, we analyzed the data by using 
an RPL model. We assumed that random parameters were 
normally distributed and uncorrelated with each other. We 
chose R = 1000 random draws, which is sufficiently large for 
convergence. However, including random parameters on all 
attributes did not lead to statistically significant additional 

Fig. 1  Example choice task. 
HIV human immunodeficiency 
virus
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findings apart from those related to the attribute “Interaction 
with other medication or (party) drugs” (we also applied 
uniform distribution without any meaningful changes). 
Additionally, no information criteria supported the use of 
the RPL model compared with the benchmark estimation 
(see also the likelihood ratio test and Wald test). [Please 
note: When we restricted random parameters to the attribute 
“Interaction with other medication or (party) drugs” as the 
only attribute with significant random parameters, the RPL 
model performs slightly better, and the Wald test reports that 
the remaining random parameters were relevant. Yet, the 
benchmark MNL model remains superior and we conclude 
that including random parameters did not provide additional 
benefits.] Based on this, we analyzed the DCE by performing 
the initial MNL model (see above).

We applied effect coding to all attributes so that the lev-
els were expressed as (1, 0, − 1); thereby, (− 1) indicating 
the reference category. We chose effect coding over dummy 
coding because with dummy coding the parameter estimate 
for the (omitted) baseline category is equal to zero and can-
not be recovered. Hence, the estimates of the other levels 
are expressed relative to the benchmark level. Instead, with 
effect coding, we can calculate the parameter of the base-
line category from the negative sum of the included cat-
egories and the standard error from the covariances of the 
included categories. This enables us to compare all levels of 
the attributes against the corresponding mean value indicat-
ing a positive or negative impact compared to the mean of 
the attribute and the magnitude specifying the size of the 
effect [1, 24]. For all analyses, p values less than 0.05 were 
considered statistically significant [28].

2.7  Latent Class Analysis

With a latent class analysis, groups of respondents with 
similar preferences may be identified. In contrast to a 
cluster analysis, respondents are not assigned to different 
segments in a discrete (all-or-nothing) manner, but have 
probabilities of membership in each group [37]. A latent 
class analysis assumes that the underlying distribution for 
the parameters is discrete. This includes the assumption that 
there are different decision-making strategies used by groups 
(labeled classes) of respondents in a sample but that within 
each of these classes, responses are homogeneous [38]. 
More specifically, respondents are assigned to a class based 
on their highest posterior probability of class membership 
[38, 39]. In order to identify differences between potential 
subgroups, we conducted a latent class multinomial logit 
model. Using the gmnl package by Sarrias and Daziano [35], 
we compared models with two to five classes. We included 
sociodemographic variables as regressors (see above) in 
order to capture their impact on class membership. Again, 
we applied effect coding on all variables except for age. 

As recommended for analyses with a small sample size 
(< 300) as well with the intention to provide a probable 
allocation of the participants per group, we examined AIC, 
BIC, and sample-size adjusted BIC to select the best-fitting 
model [40–42]. The information criteria led to heterogenous 
recommendations (ESM). However, if incorrect, BIC and 
adjusted BIC are likely to underestimate the number of 
classes while AIC could be shown to be more likely to 
overestimate the number of classes, especially for studies 
with a small sample size [46, 47]. Based on this, we chose 
a model with two classes for the following analysis and 
provide the results of the model with three classes in the 
ESM for transparency reasons.

3  Results

3.1  Participant Characteristics

Of 333 eligible people living with HIV in Germany who 
were contacted, a total of 237 respondents returned the sur-
vey (71.2% response rate). We report on the n = 226 par-
ticipants who fully completed the DCE component of the 
questionnaire (Table 2). The mean age of respondents was 
46.09 years (standard deviation 11.20 years). Most respond-
ents (85.8%) were male and most respondents (38.0%) stated 
intermediate secondary school or less as the highest educa-
tional level. Overall, 179 respondents (79.2%) rated their 
current health as good or better. The year of both diagnosis 
and first treatment ranged between 1984 and 2020. Regard-
ing HIV treatment-related issues, most participants report a 
pill-based therapy (96.5%), take one HIV-related pill daily 
(75.2%), have been 12 months or more under the current 
HIV-therapy regimen (88.0%), and report to be (very) satis-
fied with the current HIV therapy (91.2%). Because each 
respondent made 12 choices, the final samples consisted of 
2712 (226 times 12) cases to be analyzed.

3.2  Patients’ Preferences: Descriptive Findings

Respondents’ assessments of the importance of different 
attributes for the HIV-related treatment choice are presented 
in the ESM. First, each treatment attribute was rated on a 
1–5 scale (1 = not all important; 5 = extremely important). 
As shown, participants rated the risk of long-term side 
effects (4.70 ± 0.68) as most important. In addition, the 
risk of short-term side effects (4.25 ± 0.95), the location of 
treatment (4.24 ± 0.98), and the frequency of dosing (4.23 
± 0.97) was rated slightly more important than the type of 
medication (4.14 ± 0.99). In contrast, possible interactions 
with other medication or (party) drugs seemed to be less 
important (3.64 ± 1.40). Second, the survey results for the 
single most important information item for the treatment 
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Table 2  Participant 
characteristics: key 
characteristics (n = 226)

HIV human immunodeficiency virus, SD standard deviation

Mean (SD) or n Range or %

Demographic characteristics
 Age
 Mean (SD) 46.09 (11.20) 23–70
 Gender
  Male 194 85.8
  Female 31 13.7

 Diverse 1 0.4
 Educational attainment
  Secondary general school or less 19 8.4
  Intermediate secondary school 69 30.5
  (Technical) University entrance qualification 135 59.7
  Others 3 1.3

 Place of living
  Large city/suburbs (100,000 inhabitants or more) 178 78.7
  Middle-size city (20,000–100,000 inhabitants) 19 8.4
  Small city, village (less than 20,000 inhabitants) 29 12.8

 Sexual orientation
  Heterosexual 29 12.8
  Homosexual 184 81.4
  Other 13 5.8

 Health status
  Good or better 179 79.2
  Satisfactory 42 18.6
  Bad or worse 5 2.2

 Year of HIV diagnosis and first treatment
  Year of HIV diagnosis 2006 1984–2020
  Year of first treatment 2008 1984–2020

HIV-treatment related issues
 Current HIV treatment
  Pill-based 218 96.5
  Injection-based 8 3.5

 Number of daily HIV-related pills
  1 164 75.2
  2 25 11.5
  3+ 29 13.3

 Duration of current HIV therapy
  < 6 months 9 4.0
  6–12 months 18 8.0
  12 months + 199 88.0

 Location of medical care
  Inpatient-based (e.g., hospital) 32 14.2
  Outpatient-based (e.g., specialized practice) 194 85.8

 Travel time to the location of medical care (minutes)
  < 30 150 66.4
  30–60 45 19.9
  60+ 31 13.7

 Satisfaction with current HIV therapy
  (Very) satisfied 206 91.2
  More or less 14 6.2
  (Very) dissatisfied 6 2.6
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choice revealed the risk of long-term side effects (35.4%) 
and the frequency of dosing (31.4%) as most relevant.

3.3  Patients’ Preferences: Findings from the DCE 
Analysis

Table 3 presents the results of multinomial logit models of 226 
participants’ choices, totaling 2712 comparisons (see above). 
Overall, patients preferred a pill-based treatment with less fre-
quent dosing regimens, which can be administered at home 
and further characterized by lower risks of both short-term 
and long-term side effects as well as by no interactions with 
other medications or (party) drugs. We showed statistically 
significant coefficients for all levels except for “Subcutane-
ous injection” and “Increased risk of reduced effect due to 

(party) drugs”. The coefficient values within an attribute add 
up to zero because of the effect coding (Table 3). The range 
of coefficient values within an attribute shows the importance 
of an attribute on a choice decision. We calculated the rela-
tive importance of each attribute by each attribute’s coeffi-
cient range (i.e., the difference between the coefficients of 
the highest and lowest level of each attribute) expressed as a 
share of the total range across attributes. As shown in Fig. 2, 
the frequency of dosing (36.1%; level range of 1.664) as well 
as the risk of long-term side effects (28.2%; level range of 
1.298) had the strongest influence on preferences. In contrast, 
the type of medication (11.2%; level range of 0.514), the risk 
of short-term side effects (10.7%; level range of 0.494), the 
location of treatment (7.4%; level range of 0.340), and possible 

Table 3  Estimated parameters of the multinomial logit model (discrete choice experiment, patients)

CI confidence interval, coeff. coefficient, OR odds ratio, SE standard error

Attributes and levels Participants (n = 226)

Coeff. OR SE coeff. 95% CI p value Difference (high-
est to lowest level)

Type of medication 0.514
 Pill-based treatment 0.289 1.335 0.041 0.209 0.369 0.000
 Intramuscular injection (into the muscle) − 0.225 0.798 0.041 − 0.306 − 0.145 0.000
 Subcutaneous injection (into the subcutaneous fatty tissue) − 0.064 0.938 0.040 − 0.142 0.014 0.107

Frequency of dosing 1.664
 Daily − 0.906 0.404 0.065 − 1.034 − 0.778 0.000
 Weekly − 0.456 0.634 0.060 − 0.575 − 0.337 0.000
 Every 2 months 0.146 1.157 0.059 0.029 0.262 0.014
 Every 3 months 0.459 1.583 0.059 0.342 0.576 0.000
 Every 6 months 0.758 2.133 0.062 0.635 0.881 0.000

Location of treatment 0.340
 Physicians’ practice/hospital (medical staff administers treatment) − 0.170 0.844 0.017 − 0.204 − 0.136 0.000
 Home-based (self-administered treatment) 0.170 1.185 0.017 0.136 0.204 0.000

Risk of short-term side effects 0.494
 Low risk (1 of 1000 patients will experience short-term side 

effects)
0.207 1.230 0.040 0.128 0.286 0.000

 Moderate risk (10 of 1000 patients will experience short-term 
side effects)

0.080 1.083 0.040 0.001 0.159 0.046

 Higher risk (100 of 1000 patients will experience short-term side 
effects)

− 0.287 0.751 0.041 − 0.367 − 0.207 0.000

Risk of long-term side effects 1.298
 Low risk (1 of 1000 patients will experience short-term side 

effects)
0.537 1.711 0.041 0.456 0.619 0.000

 Moderate risk (10 of 1000 patients will experience short-term 
side effects)

0.224 1.251 0.040 0.146 0.302 0.000

 Higher risk (100 of 1000 patients will experience short-term side 
effects)

− 0.761 0.467 0.044 − 0.847 − 0.675 0.000

Interaction with other medication or (party) drugs 0.294
 No medication/drug interactions occur 0.168 1.183 0.040 0.089 0.248 0.000
 Increased risk of reduced effect due to other medication − 0.125 0.882 0.040 − 0.204 − 0.047 0.002
 Increased risk of reduced effect due to (party) drugs − 0.043 0.958 0.040 − 0.122 0.036 0.286
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interactions with other medications or (party) drugs (6.4%; 
level range of 0.294) were less important.

3.4  Latent Class Analysis

Figure 3 displays the level estimates and the mean relative 
importance of attributes for both subgroups (see ESM for a 
detailed overview). Thereby, slightly more respondents were 
assigned to class 1 (n = 135; 59.7%) than to class 2 (n = 91; 
40.3%). Regarding the preference pattern of class 1, the fre-
quency of dosing (44.1%; level range of 1.990) is weighted 
highest. Furthermore, the type of medication (16.8%; level 
range of 0.759) was ranked second in this class. The remain-
ing attributes risk of long-term side effects (10.8%; level 
range of 0.486), location of treatment (10.4%; level range 
of 0.470), possible interactions with other medications or 
(party) drugs (9.0%; level range of 0.408), and the risk of 
short-term side effects (8.8%; level range of 0.399) were 
rated less important in this class. Regarding the preference 
pattern of class 2, the risk of long-term side effects (50.3%; 
level range of 3.645) was weighted highest, followed by 
the frequency of dosing (27.4%; level range of 1.987). The 
attribute risk of short-term side effects (14.1%; level range 
of 1.022) was ranked third in this class. The remaining three 
attributes, type of medication (3.9%; level range of 0.280), 
location of treatment (2.9%; level range of 0.212), and pos-
sible interactions with other medications or (party) drugs 
(1.4%; level range of 0.105) were less important.

The evaluation of structural variables for both classes 
shows that age, educational attainment, and sexual orienta-
tion did not show any significant impact on the estimated 
class probabilities (p > 0.05 each) [ESM]. For class 1, fur-
ther sociodemographic variables (i.e., gender, place of liv-
ing, and health status) did not show any significant impact 
either. In contrast, male respondents, those living in small 
cities or villages, and those with higher health status results 
were significantly more likely to be assigned to class 2. 
Table 4 presents the participant characteristics of both sub-
groups. As shown, we found significant differences between 
both groups for all characteristics. For example, members of 
class 1 were more likely to be younger (p < 0.001), have a 
lower educational level (p < 0.001), live in small cities or 
villages (p < 0.001), and are less satisfied with the current 
HIV therapy (p = 0.013) compared with members of class 2.

4  Discussion

This study provides new insights into preference patterns 
that people living with HIV in Germany place on certain 
attributes of current and novel long-acting ART regimens. 
Thereby, the study’s DCE-based findings appear broadly 
consistent with the results from both the rating-based and 

ranking-based survey results and may allow conclusions to 
be drawn for targeting therapy regimens: based on our find-
ings, the frequency of dosing and the risk of long-term side 
effects had the greatest influence on preferences. The cor-
responding attributes were also the most important to the 
study participants when asked about the most significant 
information items for choosing a certain HIV treatment. In 
addition, consistent with these findings, study participants 
rated the risk of long-term side effects as most important 
when rating all attributes on a scale of 1–5.

As mentioned above, previous studies have also 
explored patient preferences for HIV treatment in different 
parts of the world [1, 9–11, 13–18]. For example, Müh-
lbacher and colleagues have surveyed 218 people living 
with HIV in Germany in 2009/2010 and have shown that 
the attribute “Emotional quality of life (disease not obvi-
ous for others)” was most important, followed by “Physi-
cal quality of life (diarrhoea, nausea less frequent)” and 
“Social quality of life (participation in social life possi-
ble)”. Less important but still statistically significant were 
the attributes “Life expectancy,” “Flexibility of dosing,” 
and “Long term side effects improbable” [17]. The study 
is comparable to ours in that it included two similar attrib-
utes and one attribute that refers to the flexibility of dos-
ing. It identified similar preference structures for people 
living with HIV in Germany. For example, the possibility 
of taking medication at home is also a significant attribute 
in our study, although it was only ranked the fifth most 
important attribute. However, the “Frequency of dosing” 
and “Risk of long-term side effects” were the two most 
significant factors in our study, whereas they were the two 
least significant factors in the mentioned study.

Another study including respondents from Germany 
(along with those from France, Italy, and the UK) was con-
ducted by Akinwunmi and colleagues addressing in detail 
the importance of the attribute “Frequency of dosing” [9]. 
Here, the authors assessed whether people living with HIV 
as well as physicians would be interested in trying and offer-
ing a novel long-acting regimen (LAR) for HIV treatment 
that requires a dosing every 2 months instead of daily. As a 
result, it could be shown that two thirds of all respondents 
were very strongly interested in trying LAR. As one main 
reason, people living with HIV viewed the described LAR as 
addressing several unmet needs, such as suboptimal adher-
ence, confidentiality/privacy concerns, and the emotional 
burden from taking pills every day. Further regression results 
demonstrated that the odds of being interested in trying LAR 
were 4.21 times higher among those reporting versus not 
reporting that taking their HIV treatment less often “would 
reduce the shame or stigma I feel for having HIV” [9]. Even 
though the study has applied a different design it does con-
firm, at least to some extent, the absolute importance of the 
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Fig. 2  Graphic display of 
level estimates with the 95% 
confidence interval (discrete 
choice experiment) and mean 
relative importance of attributes 
(based on each attribute’s coef-
ficient range, i.e., the difference 
between the coefficients of the 
highest and lowest level of each 
attribute)
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Fig. 3  Graphic display of level 
estimates with the 95% confi-
dence interval (discrete choice 
experiment) and mean relative 
importance of attributes for 
both subgroups (based on each 
attribute’s coefficient range, 
i.e., the difference between the 
coefficients of the highest and 
lowest level of each attribute)
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Table 4  Participant characteristics of both subgroups within the latent class analysis (p value was calculated based on the Wilcoxon test)

Class 1 (n = 135; 59.7%) Class 2 (n = 91; 40.3%) p value
Mean (SD) or n (%) Mean (SD) or n (%)

Demographic characteristics
 Age
  Mean (SD) 44.41 (10.58) 48.58 (11.57) 0.000

 Gender
  Male 117 (86.7) 77 (84.6) 0.045
  Female 17 (12.6) 14 (15.4)
  Diverse 1 (0.7) 0 (0.0)

 Educational attainment
  Secondary general school or less 15 (11.1) 4 (4.4) 0.000
  Intermediate secondary school 43 (31.9) 26 (28.6)

(Technical) University entrance qualification 75 (55.6) 60 (65.9)
  Others 2 (1.5) 1 (1.1)

 Place of living
  Large city/suburbs (100.000 inhabitants or more) 101 (74.8) 77 (84.6) 0.000
  Middle-size city (20.000–100.000 inhabitants) 12 (8.9) 7 (7.7)
  Small city, village (<20,000 inhabitants) 22 (16.3) 7 (7.7)

 Sexual orientation
  Heterosexual 17 (12.6) 12 (13.2) 0.00
  Homosexual 113 (83.7) 71 (78.0)
  Other 5 (3.7) 8 (8.8)

 Health status
  Good or better 110 (81.5) 69 (75.8) 0.000
  Satisfactory 21 (15.6) 21 (23.1)
  Bad or worse 4 (3.0) 1 (1.1)

 Year of HIV diagnosis and first treatment
  Year of HIV diagnosis (range) 2007 (1985–2020) 2005 (1984–2019) 0.000
  Year of first treatment (range) 2009 (1989–2020) 2007 (1984–2019) 0.000

HIV treatment-related issues
 Current HIV treatment
  Pill-based 129 (95.6) 89 (97.8) 0.000
  Injection-based 6 (4.4) 2 (2.2)

 Number of daily HIV-related pills (n = 218)
  1 103 (79.8) 61 (68.5) 0.000
  2 13 (10.1) 12 (13.5)
  3+ 12 (9.3) 10 (9.6)

 Duration of current HIV therapy (months)
  <6 5 (3.7) 4 (4.4) 0.000
  6–12 13 (9.6) 5 (5.5)
  12+ 117 (86.7) 82 (90.1)

 Location of medical care
  Inpatient-based (e.g., hospital) 22 (16.3) 10 (11.0) 0.000
  Outpatient-based (e.g., specialized practice) 113 (83.7) 81 (89.0)

 Travel time to the location of medical care (minutes)
  <30 87 (64.4) 63 (69.2) 0.000
  30–60 27 (20.0) 18 (19.8)
  60+ 21 (15.6) 10 (11.0)

 Satisfaction with current HIV therapy
  (Very) satisfied 122 (90.4) 84 (92.3) 0.013
  More or less 9 (6.7) 5 (5.5)
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attribute “Frequency of dosing” as one major attribute when 
choosing HIV therapy regimens.

In another European study, Brégigeon-Ronot and col-
leagues surveyed 101 people living with HIV in France in 
2014 to elicit relative preferences for attributes of ARTs [11]. 
The sample is comparable to ours regarding age, gender, as 
well as therapy-based characteristics (e.g., educational level, 
current health status, year of both diagnosis, and first treat-
ment). As a result from the DCE analysis, it appears that 
patients placed significant value on the avoidance of both 
short-term side effects (i.e., diarrhea) as well as long-term 
health problems, such as cardiovascular disease and kidney 
disease [11]. Also similar to our findings, patients were con-
cerned about the potential risk of drug–drug interactions 
and demonstrated a strong preference for a treatment with 
limited drug–drug interactions. Patients also preferred to 
avoid problems associated with treatment failure or therapy 
that left them with a higher viral load after the first weeks 
of treatment. Even though some attributes evaluated in this 
study were different from those in ours, in both studies, we 
detected limited drug–drug interactions and both short-term 
and long-term health problems to be significant attributes for 
patients’ preferences in ART regimens.

In addition, we identified two DCE studies from the USA 
with the intention to identify patient preferences for novel 
ART regimens. First, Ostermann and colleagues surveyed 
403 people living with HIV in the USA in 2017/2018. They 
included four attributes in their DCE but those were similar 
to ours, namely dosing (i.e., the number of pills per dose and 
the dosing frequency), administration (i.e., meal requirement 
and pill size), short-term side effects (e.g., diarrhea, dizzi-
ness), and long-term side effects (e.g., risk of heart attack, 
risk of new or worse kidney problems) [13]. As a result, 
they could show that people living with HIV valued mini-
mizing short-term side effects (relative importance: 44%) 
and long-term risks (32%) over dosing (17%) and adminis-
tration characteristics (8%) [13]. Those findings are partly 
similar, except that in our study, the long-term side effects 
and the frequency of dosing were most important. In con-
trast, the short-term side effects were less relevant and the 
administration was not among the most relevant attributes 
in our study. Second, another study is currently being car-
ried out in the USA to learn more about preferences for both 
current and novel HIV treatment regimens; with the results 
still to be published [8]. The findings of this study will 

enable interesting comparisons, as the attributes identified 
as relevant in this study are partly very similar to ours (e.g., 
location, frequency of dosing, side effects), but partly also 
address alternative aspects (e.g., late dose leeway).

In another interesting DCE study, Tieosapjaroen and 
colleagues surveyed 335 people living with HIV in Mel-
bourne, Australia in 2021 to examine the relative importance 
of antiretroviral medication side effects so as to improve 
patient satisfaction, adherence, and treatment. In particular, 
the authors focused on weight gain as a possible side effect 
of HIV treatment. As a result, it could be shown that weight 
gain was the second most important short-term side effect 
following depression and the third most important undesir-
able long-term side effect, following risks of heart attack 
and kidney problems. Interestingly, the authors could show 
that respondents who weighed more than 85 kg preferred 
medications not causing weight gain while respondents with 
a lower weight preferred medications causing weight gain 
[43].

We have identified further studies that have been con-
ducted in developing countries (e.g., Colombia [1, 16], Zam-
bia [15], Kenya [10], urban Zimbabwe [18]). However, these 
studies seem to be less comparable to ours compared with 
studies from other European countries (e.g., France) and the 
USA, as they are likely to focus on other aspects of care [3, 
5, 44]. For example, Dommaraju and colleagues have sur-
veyed 104 persons living with HIV in Kenya to elicit prefer-
ences for differentiated care models. Here, the authors con-
cluded that clinically stable patients expressed a preference 
for facility-based care provided clinical visits were extended 
to biannually. Here, the most important attributes were the 
location of clinical review (24.1%), location of ART refills 
(21.6%), the frequency of clinical visits (15.2%), and the 
frequency of ART refills (13.5%), followed by the person 
providing ART (9.7%), adherence support (8.2%), and refill 
pick-up/delivery time (7.8%) [10].

As mentioned above, patients preferred a pill-based 
treatment with less frequent dosing regimens, which can be 
administered at home and further characterized by lower 
risks of both short-term and long-term side effects as well as 
by no interactions with other medications or (party) drugs. 
In line with the current HIV healthcare delivery in the USA 
[8], most people living with HIV in Germany take one or 
more pills daily as well. Based on our results, more than 
86% take one or two HIV-related pills daily combining two 

HIV human immunodeficiency virus, SD standard deviation

Table 4  (continued)

Class 1 (n = 135; 59.7%) Class 2 (n = 91; 40.3%) p value
Mean (SD) or n (%) Mean (SD) or n (%)

  (Very) dissatisfied 4 (3.0) 2 (2.2)
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or more antiretroviral medications for treatment (see above). 
Using the example of frequency of dosing, it appears evident 
that the reality of care and the preferences of people living 
with HIV diverge, at least to some extent.

Finally, our latent class analysis-based findings have 
demonstrated meaningful differences between both sub-
groups. Interestingly, we detected one attribute to be of 
major importance in both groups. While the frequency 
of dosing was most important in class 1, the risk of long-
term side effects was most important in class 2. The rela-
tive weight of those attributes accounted almost for 50% 
of all attributes. This means that these criteria were almost 
as important as the other five criteria combined. In both 
groups, we found one additional attribute to be of higher 
importance; while the type of medication was relevant in 
class 1, the frequency of dosing was weighted important 
in class 2. In contrast, the three attributes location of treat-
ment, risk of short-term side effects, and the interaction 
with other medications or (party) drugs did not play an 
important role in either class.

With this in mind, our findings on the therapy prefer-
ences of people living with HIV have several implications: 
first, the results are directed to pharmaceutical researchers, 
who should consider them when developing innovative and 
novel therapy regimens. It should be noted that the desid-
eratum of drug research and development corresponding to 
preferences is currently already being met, at least to some 
extent. Present research advances including the availability 
of single-tablet daily regimens for HIV [8], injection-based 
therapies (e.g., under the skin, into muscle), longer acting 
formulations of pill-based regimens, and others might have 
the potential to modify current treatment routine, at least 
for some patients; for example, for patients with suboptimal 
adherence, confidentiality/privacy concerns, as well as the 
emotional burden and other barriers of daily dosing [8, 9]. 
Thus, the emerging treatment options already correspond, in 
part, to patient preferences emerging from the present study. 
This applies, for example, to longer application intervals. As 
mentioned above, new long-acting therapy regimens might 
then have the potential to increase ART initiation and adher-
ence [8, 12].

Second, our findings are relevant to professional societies, 
which should consider them when revising therapeutic 
guidelines or therapy regimens. Third, the results should 
also be considered by actors and institutions entrusted 
with regulatory tasks and responsible for priority setting. 
This applies, for example, to benefit assessments or health 
economic evaluations and thus also to pricing as well as 
decisions on reimbursement or inclusion in the benefit 
catalog of health insurance funds. Fourth, the results are 
directed at the medical profession, as they can contribute 
to joint decision making with patients when discussing 

different therapy options so as to increase therapy adherence. 
This, in turn, would also have a positive impact on both 
the outcomes and economic aspects of HIV treatment. For 
example, the frequency of treatment administration could 
be shown to be a key predictor of patient adherence [45].

In summary, taking into account the preferences of peo-
ple living with HIV could further improve decisions and 
medical care. In addition, a strengthened role for preferences 
should be regarded as a form of participation that helps 
increase trust in health systems as a whole that may also 
strengthen the legitimacy of decisions within that system.

4.1  Limitations

As with any study, there are several limitations that have to 
be considered when interpreting the results of our research. 
First, our surveyed study respondents were recruited by a 
patient recruitment agency (LR). The registered panel of 
people living with HIV in Germany at LR is representa-
tive in terms of gender and age for all patients in Germany 
and was also surveyed in other HIV-related research [9]. In 
our study in particular, the proportion of male participants 
was slightly above the average in Germany (85.8% vs 80.1% 
[6]). Overall, it must be stated that there is little sociodemo-
graphic information available of people living with HIV in 
Germany [46]. Therefore, we cannot ensure that our sample 
is representative of the German population with respect to 
other characteristics as well (e.g., education, marital status, 
place of living). In addition, the recruitment via LR could 
have influenced the study population with respect to individ-
ual parameters, which could not be examined in total [47]. 
However, based on the sociodemographic data, it seems that 
our study population is similar to those of other studies (see 
above), at least to a certain extent. For example, the sociode-
mographic data showed a similar pattern to other studies in 
HIV-related preference research [9, 11, 17]. Second, it must 
be noted that the selected attributes for the DCE referred to 
both currently already available as well as novel, innova-
tive HIV treatment regimens. Therefore, we cannot exclude 
that the participants in the experiment were more familiar 
with the already available therapy regimens and therefore 
chose those primarily. Third, the selection of the levels for 
the attribute “Frequency of Dosing” was associated with 
some challenges as related novel therapy regimens are cur-
rently not yet available. In the qualitative steps, however, we 
aimed to assure not to integrate any unrealistic characteris-
tics (i.e., levels) but those that are actually currently being 
investigated in research. Therefore, the pool of experts from 
HIV research provided support in this regard. Fourth, the 
participants surveyed in this study had a mean year of first 
diagnosis of 2006, with the earliest diagnosis in 1984 and 
the latest diagnosis in 2020. Because of this relatively broad 
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range, a different amount of experience of the participants 
can be assumed. Preferences of patients who have received 
one or more treatments and preferences of those who are 
newly diagnosed might vary as preferences might change 
over time [48]. Therefore, it should be taken into account 
that preferences of individual patients might change in the 
future. However, our results shall be interpreted as a cur-
rent snapshot of preferences of people living with HIV in 
Germany [48]. Fifth, the generalizability (external validity) 
of our results to other settings should also be mentioned. 
As described above, studies from other European countries 
(Germany [17], France, Italy, and the UK [9], France [11]) 
or the USA [8, 13] tend to have included more similar attrib-
utes and the samples surveyed appear more comparable to 
our study. Therefore, our results are more likely to be trans-
ferable to these countries. In contrast, studies that have been 
conducted in developing countries (e.g., Colombia [1, 16], 
Zambia [15], Kenya [10], Urban Zimbabwe [18]) are likely 
to focus on other aspects of care as well [3, 5, 44]. Here, the 
transferability is likely to be lower. Sixth, patients received a 
financial incentive for participating in the quantitative part of 
our study. It should be mentioned that the incentive has been 
increased over time from 20 Euros to 40 Euros to improve 
the response rate. Please note that the average paid incentive 
was calculated to be 28.32 Euros. Finally, it should be noted 
that we did not randomly allocate the order of the presenta-
tion of attributes between participants. We refrained from 
doing so, as previous research has shown that the ordering 
of the attributes was found to have no statistically significant 
effect on the importance attached to them by respondents 
[49, 50]. Nevertheless, we follow Norman and colleagues by 
recognizing that in some situations (e.g., relatively difficult 
choice tasks, unfamiliar choice task), respondents may have 
the tendency to rely on simplifying heuristics such as focus-
ing on the earlier or later dimensions [49]. However, in our 
study, we felt that the choice tasks were neither very difficult 
nor unfamiliar to the respondents because we surveyed only 
people with confirmed HIV status.

5  Conclusions

This study provides new insights into preference patterns 
that people living with HIV in Germany place on certain 
attributes of current and novel ART regimens. Thereby, 
the study’s DCE-based findings appear broadly consist-
ent with the results from both the rating-based and rank-
ing-based survey results. One of the major results is the 
importance placed by people living with HIV in Germany 
on the characteristics of HIV-related therapy regimens 
related to the frequency of dosing and the risk of long-
term side effects. The latter had the greatest influence on 

peoples’ preferences. This should be considered when fur-
ther developing HIV-related therapy regimens in order to 
increase treatment adherence and the satisfaction of people 
living with HIV.
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