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Original article

Preferences for preventive treatments for rheumatoid
arthritis: discrete choice survey in the UK, Germany
and Romania

Gwenda Simons1,*, Jorien Veldwijk 2,3,*, Rachael L. DiSantostefano4,*,
Matthias Englbrecht5, Christine Radawski6, Karin Schölin Bywall7,
Larissa Valor Méndez 8, Brett Hauber9,10, Karim Raza1,11,12,† and
Marie Falahee 1,†

Abstract
Objective. To quantify preferences for preventive therapies for rheumatoid arthritis (RA) across three countries.
Methods. A web-based survey including a discrete choice experiment was administered to adults recruited via
survey panels in the UK, Germany and Romania. Participants were asked to assume they were experiencing arthralgia
and had a 60% chance of developing RA in the next 2 years and completed 15 choices between no treatment and
two hypothetical preventive treatments. Treatments were defined by six attributes (effectiveness, risks and frequency/
route of administration) with varying levels. Participants also completed a choice task with fixed profiles reflecting
subjective estimates of candidate preventive treatments. Latent class models (LCMs) were conducted and the relative
importance of attributes, benefit–risk trade-offs and predicted treatment uptake was subsequently calculated.
Results. Completed surveys from 2959 participants were included in the analysis. Most participants preferred treat-
ment over no treatment and valued treatment effectiveness to reduce risk more than other attributes. A five-class
LCM best fitted the data. Country, perceived risk of RA, health literacy and numeracy predicted class membership
probability. Overall, the maximum acceptable risk for a 40% reduction in the chance of getting RA (60% to 20%)
was 21.7%, 19.1% and 2.2% for mild side effects, serious infection and serious side effects, respectively. Predicted
uptake of profiles reflecting candidate prevention therapies differed across classes.
Conclusion. Effective preventive pharmacological treatments for RA were acceptable to most participants. The
relative importance of treatment attributes and likely uptake of fixed treatment profiles were predicted by participant
characteristics.

Key words: RA, preventive treatment, patient preferences, discrete choice experiment

Rheumatology key messages

. Acceptable preventive treatments for RA could reduce pain, disability and societal costs on a huge scale.

. This study quantifies preferences for treatments to reduce the risk of RA development across three countries.

. This guides trial design and development of decision-making support for individuals at risk of RA.
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Introduction

Increased understanding of the biological mechanisms
involved in the pre-clinical stages of rheumatoid arthritis
(RA) [1] and the ability to identify individuals at risk of
developing RA [2] have highlighted opportunities for pre-
ventive intervention [3–5]. There is emerging research
interest in assessing whether a short course of therapy
will prevent the onset of RA in at-risk individuals. B cell
depletion, with a single infusion of 1000 mg of rituximab,
has been shown to delay the onset of RA in individuals
with arthralgia and autoantibody positivity [6]. The pre-
ventive efficacy of abatacept in this group [7] and HCQ
in asymptomatic autoantibody-positive individuals [8] is
under investigation and novel cellular therapies to pre-
vent RA are being explored [9].

Difficulties in recruitment to RA prevention trials have
been reported [10]. A trial assessing the efficacy of 40 mg
atorvastatin daily for 3 years was prematurely discontinued
due to a low inclusion rate resulting from unwillingness to
participate [11]. Recent EULAR recommendations highlight
the importance of understanding the perspectives of at-
risk groups to facilitate tailored strategies to enhance
engagement with prevention studies and increase under-
standing about what types of preventive treatments are
acceptable [12]. There is growing awareness of the value
of insights into patient preferences for drug development,
approval and reimbursement [13–15]. Increased under-
standing of the relative importance of treatment attributes
and acceptable benefit–risk trade-offs for preventive treat-
ments could prevent investment in studies of unacceptable
treatments, guide selection of outcomes and endpoints
and inform the development of resources to support deci-
sion making around participation in prevention trials.

While preferences for treatments for established RA
have been well studied [16, 17], few studies have quanti-
fied preferences for preventive treatment of at-risk groups
[18]. Among those at risk for RA, there is uncertainty
regarding not only treatment effectiveness and safety, but
also the individual’s risk of developing RA, the timeline
for that risk and the severity of disease if RA does de-
velop [19]. Qualitative studies have explored stakeholder
perceptions of preventive treatment for RA [20]. A survey
of individuals with arthralgia and autoantibody positivity
found that 40% reported a willingness to accept prevent-
ive treatments that were 100% effective with minor side
effects of immune suppression if their risk of developing
RA was 70% [21]. A pilot study in Switzerland [22] and
two Canadian studies [23, 24] of preventive treatment
choices found that treatments with mild side effects were
acceptable, although the relative importance of treatment
attributes varied across studies. The aim of this study
was to quantify preferences and preference heterogeneity
for preventive treatments for RA in large samples of the
general population across three European countries.

Methods

This study is part of a case study for the Innovative
Medicines Initiative (IMI) project ‘Patient Preferences in

Benefit-Risk Assessments during the Medical Product
Lifecycle’ (PREFER), which aims to develop evidence-
based recommendations on how and when preference
studies can inform decision making during drug develop-
ment [13]. The study was approved by the London-
Hampstead Research Ethics Committee (19/LO/0407)
and the Ethics Committee of the Friedrich-Alexander-
Universität Erlangen-Nürnberg (92_17 B). The protocol
has been published [25].

Participant identification and recruitment

Participants were recruited in the UK, Germany and
Romania via online survey panels (surveyengine.com) using
age- and gender-matched samples informed by a prior
study of individuals at risk of RA [26]. These countries
were chosen to reflect a geographically and culturally di-
verse range across Europe to facilitate assessment of pref-
erence consistency across populations with distinct
healthcare systems. Members of online survey panels in
each country received an e-mail invitation (Supplementary
Data S1, available at Rheumatology online) to take part in
and link to the online survey. The initial questions of the
survey confirmed respondent’s eligibility to participate (age
�18 years and without a diagnosis of RA). Eligible
respondents were provided with participant information
and asked to provide anonymous electronic informed con-
sent. Participants provided written informed consent. After
completing the survey, panel members were credited with
panel points (equivalent to �e2–3). Translation of the sur-
vey from English to German and Romanian was under-
taken in accordance with ISO17100 standards [27].
Recruitment continued until 1000 surveys were completed
in each country. For sample size assessment details see
Supplementary Data S1, available at Rheumatology online.

Survey development

A discrete choice experiment (DCE) within a web-based
survey was developed following best practices [28, 29].
This method has been widely applied to elicit preferences
for healthcare interventions [30, 31]. The DCE consists of a
series of choice tasks. For each task, participants were
asked to imagine they were experiencing joint pain that
was impacting on their daily activities and had received
test results indicating their risk of developing RA in the
next 2 years was 60%; their doctor has suggested they
consider taking a treatment to reduce their risk; and treat-
ment would be for 1 year. Participants were asked to
choose between two treatment options or to opt out (no
treatment), where treatments could lower the chance of
getting RA in exchange for a risk of side effects and differ-
ent modes and frequencies of administration. Each treat-
ment option was described by their level of six attributes.
See Supplementary Data S1, available at Rheumatology
online for an example choice task.

DCE attribute and level selection and experimental
design
The selection of treatment attributes included in the DCE
was informed by a previous literature review [18],
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qualitative study and attribute ranking survey [25]. Final
attributes (Table 1) were agreed upon by an international
team of clinical researchers, consultant rheumatologists,
preference elicitation experts and patient partners.
Attribute levels were estimated with input from clinical
experts, including researchers leading the development
and/or clinical trials of preventive treatments for RA. The
text used to describe attributes and levels to participants
is available in Supplementary Data S1, available at
Rheumatology online. The combinations of attribute lev-
els that define each treatment option and the set of
treatment options in each choice question of a DCE con-
stitute the experimental design. This must have statistical
properties that allow estimation of the preference
weights of interest obtained from responses to a number
of choice tasks that is feasible for participants to com-
plete. Ngene (ChoiceMetrics, Sydney, NSW, Australia)
was used to construct a Bayesian D-efficient fractional
factorial design [32]. Prior information on attribute im-
portance was initially based on previous literature and
expert best guesses, then the outcomes of conditional
logit analysis of a pilot survey (N¼100) were used as
priors for the final experimental design. Sixty unique
choice tasks were generated, divided over four blocks.
Each participant answered one block (15 choice tasks)
only. Participants were randomized to blocks upon
entering the survey using the minimization method to
ensure equal proportions of participants across blocks.
The design was restricted to exclude the following

combinations of attribute levels: taking a pill monthly or
every 6 months, having an injection daily or having a drip
daily or weekly. Interactions between effectiveness and
chance of a serious infection and between effectiveness
and the chance of serious side effects were included.

Survey content
The survey was co-developed with patient partners
and pretested in a convenience sample (N¼ 15) using
‘think-aloud’ interviews. It included background informa-
tion about RA (see Supplementary Data S1, available at
Rheumatology online), questions to assess comprehen-
sion of the background material, introduction to the
choice tasks and treatment attributes and levels, a
guided ‘walk-through’ choice task example, warm-up
choice tasks and 15 DCE choice tasks. During comple-
tion of each task, participants could choose to view the
explanation of each attribute and its levels. Participants
then completed an additional choice task including four
treatment options with fixed profiles, which reflected
drug characteristics and known risks of agents under in-
vestigation as preventive treatments for RA (HCQ, ator-
vastatin, abatacept and tolerogenic cell-based therapy).
Treatment effectiveness was estimated with input from
researchers leading the development and/or clinical trials
of the relevant agents.

The survey included measures of sociodemographic
variables, the Single-Item Health Literacy Screener [33]
and the three-item version of the Subjective Numeracy

TABLE 1 Discrete choice task background scenario, attributes and levels

Choice task background: When answering, we ask you to imagine that you are experiencing some joint symptoms
(joint pain and stiffness) that are starting to impact on your daily activities and that the results of a blood test show
you have a 60% chance of developing rheumatoid arthritis in the next 2 years. Your doctor suggests that you
consider taking one of the following treatments for 1 year. In this case, would you prefer treatment A, treatment B
or no treatment?

Treatment attribute Levels

Chance of developing RA reduced from 60% to 10% 10 in 100
20% 20 in 100
30% 30 in 100
40% 40 in 100

How the treatment is taken A shallow injection under the skin
A drip into the vein
One or two tablets

How often the medication has to be taken Daily
Weekly
Monthly
Every 6 months

Chance of reversible mild side effects (e.g. nausea,
skin rashes or muscle pain)

2% 2 in 100 people
5% 5 in 100 people
10% 10 in 100 people

Chance of a serious infection (e.g. pneumonia) 0% 0 in 100 people
1% 1 in 100 people
5% 5 in 100 people

Chance of a serious, potentially irreversible side effect
(e.g. brain inflammation, lymphoma or retinopathy)

0.001% 1 in 100 000 people
0.02% 20 in 100 000 people
0.1% 100 in 100 000 people

Gwenda Simons et al.
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Scale [34] and participants assessed their lifetime risk of
developing RA using a five-item Likert-type scale (‘very
unlikely’ to ‘very likely’). Upon completion of the survey,
all respondents were provided with information about RA
for those who are at risk developed by an international
team of patient partners, rheumatologists and research-
ers as part of a previous project [35].

Data analysis

The outcomes of interest were treatment preferences and
preference heterogeneity, relative preference weights for
levels of treatment attributes, estimated risk equivalents
[maximum acceptable risk (MAR) for changes in treatment
effectiveness] and choice frequency of fixed treatment
profiles. Results were considered statistically significant if
P�0.05. Analyses were carried out using SPSS version
27.0 (IBM, Armonk, NY, USA) and NLogit (Econometric
Software, Plainview, NY, USA). Participants who exhibited
non-attendance to the survey were removed from the
analysis, including those who completed the survey in
5 min and those who took 5–9 min to answer the survey,
answered two or more of three background comprehen-
sion questions incorrectly and showed ‘flat-lining’ behav-
iour (always choosing ‘treatment A’ or always choosing
‘treatment B’) in the DCE choice tasks.

Panel latent class models (LCMs) were used on a
pooled dataset combining data across countries. All
attributes were considered non-linear and recoded using
effects codes [36, 37]. Based on model fit tests [Akaike
information criterion (AIC), log likelihood], the most suit-
able model was selected (models ranging from one to six
classes were tested). See Supplementary Data S1, avail-
able at Rheumatology online, for the final utility equation.

A class assignment model was fitted to assess the
contribution of participant characteristics (i.e. country,
perceived risk of developing RA, smoking, age, gender,
health literacy, numeracy and educational level). A signifi-
cant variable in the class assignment model indicates
that this variable contributes to the class assignment (e.g.
if the coefficient of the health literacy variable is positive
and significant for class 1, participants with a higher
health literacy score are more likely to belong to class 1).

Relative importance scores for the attributes relative to
the most important attribute were calculated based on
the results of the LCMs, separately for all classes. The
class-adjusted relative importance was calculated by
computing the relative importance score of all attributes
in each class separately, after which they were weighted
according to class assignment probability.

The MAR for a 40% reduction in the chance of getting
RA (60% to 20%) was calculated for each of the three
risk attributes according to the equation:

MAR ¼ �
ðbchance of developing RAÞ

bk ¼ riskð Þ :

For these calculations an LCA model was used, assum-
ing linearity for all attributes included. The MAR was cal-
culated separately for all classes after which they were

weighted according to class assignment probability.
Predicted choice [1/(1þexp�v)] between the four hypothet-
ical treatment profiles with fixed profiles and no treatment
was tabulated using LCM estimates for each class.

Patient and public involvement

A panel of eight patient research partners [based in
the UK (n¼ 4), Germany (n¼ 2), The Netherlands (n¼ 1)
and Sweden (n¼1)] contributed to the development of re-
search objectives, selection of attributes and levels, devel-
opment of choice tasks and survey content and pretesting.

Results

Responses of 982 individuals (332 males, 650 females)
in the UK, 984 (325 males, 656 females, 2 gender not
reported) in Germany and 993 (340 males, 652 females,
1 other) in Romania were included. Participant character-
istics are summarized in Table 2. Health literacy scores
were significantly lower in the sample in Romania com-
pared with samples in Germany and the UK. Subjective
numeracy scores were significantly higher in the sample
in Romania compared with those in both Germany and
the UK. Participants in Germany perceived their chances
of developing RA to be significantly lower than those in
either the UK or Romania.

Five classes were fitted in the LCM (see Table 3
for model coefficients). The average probabilities of
belonging to classes 1–5 were 51%, 10%, 26%, 4% and
10%, respectively. In all classes, participants preferred
treatments that were more effective and had less risk of
serious infection and serious side effects. For classes 1,
2 and 3, preventive treatment was preferred over no
treatment, whereas in classes 4 and 5, no treatment was
preferred. The relative importance of treatment attributes
in each class is summarized in Fig. 1. Treatment effect-
iveness was the most important attribute in all classes
except for class 4, where the method of administration
was more important. The least important attribute was
mild side effects in all classes except for class 2, where
the method of administration was least important. In
classes 1, 3 and 4, oral tablets were preferred over injec-
tion or infusion, while in class 2, this attribute was not
significant. In class 5, infusion was preferred over oral
tablets and tablets over injections. In the same class, the
frequency of administration did not significantly impact
on preferences, while in the other classes, the least fre-
quent attribute level of every 6 months was preferred. A
preference for the lowest level of mild side effects was
found in classes 1–3, with no significant impact on pref-
erences in classes 4 and 5.

The model fit significantly improved when including
country, health literacy, numeracy and perceived risk of
developing RA in the class assignment model. Participants
from Germany were less likely to belong to class 1,
whereas participants from Romania were most likely to
belong to class 5. Participants with low health literacy
were more likely to belong to class 3, whereas
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respondents with high numeracy were more likely to be-
long to classes 1–4. Respondents with a high perceived
risk of developing RA were less likely to belong to class
2. The MAR for a 40% reduction in the chance of getting
RA (60% to 20%) was 21.7% (S.E. 5.2), 19.1% (S.E. 37.7)
and 2.2% (S.E. 2.6) for mild side effects, serious infection
and serious side effects, respectively.

The attribute levels used to describe the fixed treatment
profiles estimating candidate preventive treatments for RA,
the frequency with which each profile was chosen, and up-
take of each treatment predicted by our model are sum-
marized in Table 4. The treatment profile designed to

approximate treatment with abatacept was most often
chosen, and the least likely choice was to opt out of treat-
ment. While participants who belong to the largest class
are expected to (always) choose treatment, 90% of partici-
pants in class 5 would be expected to choose no treat-
ment. Predicted treatment choice varied across classes.

Discussion

Treatments to reduce the risk of RA were acceptable to
most participants and treatment effectiveness was the

TABLE 2 Participant characteristics per country

Characteristics UK (n 5 982),
n (%)

Germany (DE;
n 5 984), n (%)

Romania
(RO; n 5 993),

n (%)

Multiple
comparisons

Age (years)
[v2 (10, N¼2959)¼2.58,
P¼0.990]

18–29 220 (22.4) 218 (22.2) 228 (23.0)
30–39 212 (21.6) 212 (21.5) 217 (21.9)
40–49 229(23.3) 228 (23.2) 231 (23.3)
50–59 203 (20.7) 208 (21.1) 206 (20.7)
60–69 84 (8.6) 84 (8.5) 87 (8.8)
�70 34 (3.5) 34 (3.5) 24 (2.4)

Highest level of education
[v2 (12, N¼2959)¼551.74,
P<0.001]

None 12 (1.2) 7 (0.7) 4 (0.4) UK>RO
Primary school 2 (0.2) 15 (1.5) 6 (0.6) DE>UK and RO
Secondary

school
207 (21.1) 377 (38.3) 36 (3.6) UK>RO

DE>UK and RO
Sixth form 271 (27.6) 295 (30.0) 256 (25.8) DE>RO
Degree or

vocational
373 (38.0) 118 (12.0) 501 (50.5) UK>DE

RO>UK and DE
Postgraduate 109 (11.1) 169 (17.2) 184 (18.5) DE>UK

RO>UK
Other 8 (0.8) 3 (0.3) 6 (0.6)

Employed/self-employed
[v2 (2, N¼2959)¼9.81,
P¼0.007]

Yes 641 (65.3) 700 (71.1) 702 (70.7) DE>UK
RO>UK

No 341 (34.7) 284 (28.9) 291 (29.3) UK>DE and RO
Family history of RA

[v2 (8, N¼2959)¼106.18,
P<0.001]

Definitely not 210 (21.4) 308 (31.3) 176 (16.8) DE>UK and RO
UK>RO

Probably not 205 (20.9) 231 (23.5) 159 (16.0) UK>RO
DE>RO

Don’t know 245 (24.9) 212 (21.5) 304 (30.6) RO>UK and DE
Probably 163 (16.6) 118 (12.0) 197 (19.8) UK>DE

RO>DE
Definitely 159 (16.2) 115 (11.7) 166 (16.7) UK>DE

RO>DE
Smoking

[v2 (4, N¼2959)¼127.68,
P<0.001]

Yes 218 (22.2) 360 (36.6) 393 (39.6) DE>UK
RO>UK

Never 536 (54.6) 408 (41.5) 310 (31.2) UK>DE and RO
No, but have

in the past
228 (23.2) 216 (22.0) 290 (29.2) RO>UK and DE

Median
(mean rank)

Median
(mean rank)

Median
(mean rank)

Single-Item Health Literacy Scale
[H (2, N¼2959)¼38.26, P<0.001]

5.00 (1603.06) 5.00 (1439.54) 4 (1398.40) UK>RO
DE>RO

Three-item subjective numeracy scale
[H (2, N¼2959)¼57.22, P<0.001]

14.0 (1411.82) 13.0 (1381.08) 15.0 (1645.45) RO>UK
RO>DE

Perceived likelihood of developing
RA in the future
[H (2, N¼2959)¼35.81, P<0.001]

3.00 (1560.30) 3.00 (1359.07) 3.00 (1520.42) UK>DE
RO>DE

Gwenda Simons et al.
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most important determinant of participants’ choices
overall. The importance of effectiveness aligns with two
of three previous choice-based studies of preferences
for preventive treatment [22, 24]. A third study found that
serious side effects were more important than effective-
ness, although most participants in that study were
patients being treated for established RA [23]. Previous
qualitative studies have suggested that positive view-
points of preventive therapies are associated with high
expectations of their effectiveness [38–41], highlighting
the need to increase understanding of the true likely ef-
fectiveness of interventions to reduce RA risk.

A previous stated-choice study of preferences for pre-
ventive treatment of RA found that the probability of mild
side effects and the method of treatment administration
did not significantly determine participants’ choice [22],
which does not align with the current findings. This

discrepancy across studies could be due to differences
in the definition of attributes and levels, preference
method chosen and/or the study samples.

Preference heterogeneity was predicted by participant
characteristics. Respondents with lower health literacy
were more likely to prefer no treatment and more likely
to focus on mode and frequency of administration.
Others who preferred no treatment were also sensitive to
the chance of serious side effects or infection and more
likely to report low numeracy. Participants in Romania
were more likely to belong to a class where no treatment
was preferred than those in Germany and the UK.
Another group whose choices were focused on treat-
ment effectiveness to reduce RA risk were more likely to
have high perceived risk of developing RA. These find-
ings suggest that developing effective communication
tools tailored to individuals’ needs and illness beliefs is

TABLE 3 Parameter estimates from the LCM of preferences for preventive treatment of RA

Attribute Level Class 1 Class 2 Class 3 Class 4 Class 5

Estimate S.E. Estimate S.E. Estimate S.E. Estimate S.E. Estimate S.E.

No treatment
(opt out)

�4.14*** 0.08 �3.81*** 0.12 �0.12*** 0.02 1.08*** 0.07 3.58*** 0.06

Chance of
developing RA

40% (ref) �0.42*** 0.04 �3.31*** 0.12 �0.29*** 0.02 �0.47*** 0.09 �0.52*** 0.15
30% �0.10*** 0.02 �0.79*** 0.07 �0.05** 0.02 0.03 0.12 �0.20 0.16
20% 0.13*** 0.02 0.87*** 0.07 0.11*** 0.02 0.09 0.10 0.34** 0.13
10% 0.40*** 0.02 3.24*** 0.13 0.23*** 0.02 0.36*** 0.09 0.39*** 0.12

Mode of
administration

Tablet (ref) 0.38*** 0.04 �0.11 0.10 0.20*** 0.03 3.17*** 0.18 0.04 0.18
Injection �0.06*** 0.01 0.00 0.04 0.02 0.02 �1.30*** 0.10 �0.35*** 0.11
Infusion �0.32*** 0.02 0.12 0.07 �0.22*** 0.02 �1.87*** 0.14 0.31** 0.15

Frequency of
administration

Daily (ref) �0.21*** 0.06 �0.32*** 0.10 �0.22*** 0.04 �0.37** 0.18 0.20 0.22
Weekly �0.17*** 0.02 �0.08 0.06 �0.13*** 0.02 �0.61** 0.15 �0.11 0.15
Monthly 0.09*** 0.02 �0.08 0.07 0.14*** 0.03 �0.19 0.19 �0.17 0.18
Every 6 months 0.29*** 0.02 0.47*** 0.06 0.21*** 0.03 1.17*** 0.15 0.07 0.16

Chance of mild
side effects

2% (ref) 0.14*** 0.03 0.27*** 0.04 0.05*** 0.02 �0.03 0.08 0.03 0.10
5% 0.03*** 0.01 0.03 0.04 0.02 0.02 0.13 0.09 �0.11 0.13
10% �0.17*** 0.01 �0.30*** 0.04 �0.07*** 0.02 �0.10 0.08 0.08 0.10

Chance of serious
infection

0% (ref) 0.22*** 0.02 0.55*** 0.05 0.21*** 0.02 0.00 0.10 0.36*** 0.09
1% 0.06*** 0.02 0.07 0.05 �0.02 0.02 0.02 0.09 �0.11 0.12
5% �0.28*** 0.01 �0.62*** 0.05 �0.19*** 0.02 �0.02 0.08 �0.25** 0.11

Chance of serious
side effects

1 in 100 000 (ref) 0.32*** 0.03 0.67*** 0.05 0.20*** 0.01 �0.12 0.09 0.22** 0.09
20 in 100 000 �0.04*** 0.01 0.02 0.03 �0.09*** 0.02 0.36*** 0.09 �0.16 0.11
100 in 100 000 �0.28*** 0.01 �0.69*** 0.05 �0.11*** 0.02 �0.24*** 0.09 �0.06 0.11

Average class
probability

0.51 0.10 0.26 0.04 0.10

Class membership
modela

Constant 0.98*** 0.34 �11.06*** 1.02 1.39*** 0.35 �2.72*** 0.65
Country Germany �0.59*** 0.15 0.17 0.19 �0.11 0.16 �0.04 0.25 – –

Romania �0.69*** 0.14 �0.34* 0.19 �1.00*** 0.16 �0.82*** 0.27 – –
High health

literacy
�0.15 0.15 �0.11 0.23 �0.52*** 0.16 0.35 0.30 – –

High numeracy 0.73*** 0.13 6.00*** 0.56 0.47*** 0.14 0.89*** 0.22 – –
High perceived risk of developing RA 0.08 0.14 �0.99*** 0.20 �0.16 0.15 �0.16 0.24 – –

Model fit
measures

Loglikelihood �48050.65
AIC 96299.3

aClass 5 is the reference category. *P<0.10, **P<0.05, ***P<0.001.
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essential to facilitate shared decision making by at-risk
individuals about taking part in prevention studies or
accepting future treatments in clinical settings. The find-
ing that country explained the probability of class

membership suggests that treatment preferences are not
generalizable across countries and further investigation
of treatment preferences across a wide range of coun-
tries and the sociocultural and other (e.g. healthcare

FIG. 1 Relative importance of treatment attributes stratified by class in the LCM of preferences for preventive treat-
ments for RA

TABLE 4 Choice frequencies and predicted choices per class (based on LCM output) for additional choice task with fixed
attribute levelsa

Characteristics No treatment Treatment A Treatment B Treatment C Treatment D

Chance of developing RA
reduced from 60% to
. . .

60 in 100 20 in 100 40 in 100 30 in 100 30 in 100

How the treatment is
taken

Not taken Shallow injection
under the skin

One or two tablets One or two tablets Shallow injection
under the skin

How often the treatment
has to be taken

Never Weekly Daily Daily Monthly

Chance of a mild side
effect

0 5 in 100 people 10 in 100 people 10 in 100 people 10 in 100 people

Chance of a serious
infection due to
treatment

0 1 in 100 people 0 in 100 people 0 in 100 people 1 in 100 people

Chance of a serious side
effect that is potentially
irreversible

0 20 in 100 000
people

1 in 100 000 people 100 in 100 000
people

1 in 100 000
people

Choice frequency, n (%) 425 (14) 818 (28) 606 (20) 468 (16) 642 (22)
Predicted uptake, %
Class 1 0 23 27 21 28
Class 2 1 73 2 6 19
Class 3 18 18 20 19 25
Class 4 12 1 35 51 1
Class 5 90 2 4 4 1
Class adjusted 14 24 18 18 14

aTreatment choices were unlabelled (i.e. participants chose between treatment A, B, C and D or no treatment). Attribute lev-
els in each treatment profile reflected fixed profiles that reflected drug characteristics and known risks of agents under in-
vestigation as preventive treatments for RA (abatacept, atorvastatin, HCQ and tolerogenic cell-based therapy, respectively).
Treatment effectiveness was estimated with input from researchers leading the development and/or clinical trials of the rele-
vant agents.
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system related) factors that drive preference variability
across countries is needed.

Predicted uptake of treatment profiles intended to esti-
mate treatments under consideration for RA prevention
was similar across treatments but differed across sub-
groups identified by the LCM. Participants with high per-
ceived risk of RA were more likely to belong to the
group predicted to prefer treatment profiles estimating
biologic and cell-based therapy. Predicted uptake was
higher than in two previous studies [23, 24] that included
healthcare professional endorsement as a treatment attri-
bute. In this study, this attribute was held constant in the
choice task scenario, as it was felt that few people
would accept a therapy their doctor did not endorse.
Uptake estimates are strongly influenced by subjective
attribute levels assigned to treatment profiles. In this
study, these were chosen with input from investigators
leading prevention trials. A treatment profile chosen to
reflect abatacept was most often chosen, reflecting the
assignment of the highest level of treatment effective-
ness in the fixed choice task. Two previous studies con-
cluded that biologic treatments are unlikely to be
acceptable for RA prevention [23, 24]. However, the
treatment profiles used in these studies to describe bio-
logic therapies estimated them to be less effective at
reducing the risk of RA than other treatments. They also
included rituximab, which is administered via an infusion,
i.e. the least preferred route for most participants.
Rituximab, as a single infusion of 1000 mg, has been
shown to delay, but not prevent RA development [6] and
thus was not included in the current study. Further investi-
gation is warranted to establish preferences for preventive
treatment benefits other than effectiveness to reduce risk,
including delayed disease development and impact on
early symptoms that may precede the diagnosis of RA.

The current study focused on preferences for prevent-
ive pharmacological interventions, as there are/have
been several clinical trials of drugs to assess their ability
to reduce the risk of RA development. Preventive lifestyle
interventions were not addressed here. However, there is
a rationale for certain preventive behavioural/lifestyle
approaches, including smoking cessation [42], diet, exer-
cise and weight management. Combined behavioural
and pharmacological strategies may be effective in future
clinical applications [43]. There is also converging evi-
dence across qualitative studies that lifestyle interven-
tions would be preferred over preventive drug therapies
[20]. The efficacy of lifestyle approaches to prevent RA
development [44] and preferences for such interventions
are therefore important areas for future studies.

This study has several strengths, including large sam-
ples across three countries, robust preference elicitation
methodology and input from clinical researchers, meth-
odological experts and patient partners. The treatment
attributes and levels included were based on extensive
literature review, qualitative investigation and expert con-
sultation, in line with best practice [28, 29, 45]. As with
all preference elicitation studies, the results are general-
izable to treatments well represented by these attributes

and levels and not to others. For example, alternative
methods of treatment administration were not addressed
in the present study.

A limitation is that participants were members of the
general population asked to assume a hypothetical risk
of RA. Previous research has highlighted common public
misperceptions regarding RA that are likely to impact
beliefs about the need for preventive treatment and
associated decision making [46, 47]. We addressed this
possibility by close collaboration with patient partners
during the development of background information for
survey participants and the inclusion of comprehension
questions to check participant understanding of this ma-
terial. Further research is needed to directly assess pref-
erences of individuals with an elevated risk of RA,
including those with RA-related autoantibodies and
inflammatory-type joint symptoms. A further limitation is
that participants were members of online panels who
received a small payment to complete the survey and
may not be fully representative of the general population.
This was addressed to some extent by detailed analysis
of data quality and exclusion of responses that did not
meet our quality criteria. However, further investigation is
needed to establish differences in the treatment prefer-
ences of survey panel members compared with samples
recruited via alternative methods. This is being explored
in a separate analysis of the current case study [25]. The
use of an online survey further limits recruitment to those
with access to web-based technology and a degree of
literacy that may limit the ability to generalize our find-
ings to other populations. Although this study benefits
from input from patient partners across a range of
European countries, no patient partner from Romania
contributed to the survey design, although they were
included in a previous related project that informed the
clinical objectives of this study [48].

In conclusion, this study establishes that effective
treatments to reduce the risk of RA are acceptable,
informs the selection of acceptable candidate therapies
and guides the design of prevention trials and the devel-
opment of tailored risk communication tools for those
considering preventive treatment.
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