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Objective: To conduct a scoping review of discrete choice experiment (DCE) studies assessing medication preference patterns in
patients with osteoporosis, focusing on quantifying preference intensities, willingness-to-pay for treatment attributes, and hetero-
geneity in preferences across patient subgroups. This analysis aims to support evidence-based clinical decision-making.

Methods: A scoping review was undertaken, where five electronic databases were searched for key terms to identify eligible DCE
studies related to drug treatment preference for osteoporosis patients. We included studies that met criteria, including being published
from database establishment until April 20, 2024. Data were systematically extracted, tabulated, and summarised in a narrative review.
Results: Nine studies met the inclusion criteria, six of which were conducted in Europe. The included DCE studies contained between
3 and 6 attributes and 2 to 6 levels per attribute. The number of choice sets per study ranged from 8 to 36. Treatment efficacy emerged
as the most critical attribute. Subgroup analyses revealed significant preference heterogeneity associated with age, educational
attainment, and fracture history.

Conclusion: Incorporating quantified patient preferences and WTP metrics into treatment planning may optimize adherence rates and
osteoporosis management outcomes. This preference-sensitive approach demonstrates potential to reduce both clinical burden and
patient financial burden through value-based treatment allocation.
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Background

The aging population in China has led to a rising prevalence of osteoporosis (OP), a systemic metabolic bone disorder
pathophysiologically characterized by diminished bone mineral density and disrupted trabecular microarchitecture,
resulting in increased bone fragility and fracture risk."> Contemporary epidemiological modeling estimates a global
incidence of 8.9 million osteoporosis-related fractures annually, equating to one fracture event every 3 seconds.” In
China, the prevalence among adults aged >65 years is 32.0%, with a significant gender disparity (51.6% in women vs
10.7% in men).>® Economic projections using Markov modeling forecast osteoporosis-attributable annual direct health-
care expenditure will reach ¥1429.8 billion (USD 199.3 billion) by 2035.”

OP pathophysiology centers on an imbalance between bone resorption by osteoclasts and bone formation by
osteoblasts. Pharmacological interventions are accordingly stratified into two mechanistically distinct categories: anti-
resorptive agents (bone turnover inhibitors, eg bisphosphosates, anti-RANKL, etc.) targeting osteoclast-mediated bone
resorption, and osteoanabolic therapies (bone-forming agents, eg teriparatide, human monoclonal anti-sclerostatin, etc.)

stimulating osteoblast-mediated bone formation.®
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Medication adherence is a critical determinant of treatment success, and patient preferences for drug attributes sig-
nificantly influence adherence behavior.” With the advancement of OP drugs and the increasing adoption of patient-centered
care paradigms, clinical decision-making has progressively emphasized patient preferences and values, and many scholars
have invested in researching patients’ preferences for OP drugs and exploring the attributes or factors that affect their
preferences.'® The discrete choice experiment (DCE) is a well-established method for quantifying patient preferences by
analyzing trade-offs among hypothetical drug profiles defined by a set of attributes.'' While DCEs have been applied to study
OP drug preferences, a systematic synthesis of these studies is lacking. Identifying the key attributes influencing patient
choices and highlighting evidence gaps are essential for translating preference evidence into clinical practice.

Therefore, this study conducts a scoping review of DCE-based research on drug treatment preferences of OP patients.
The following research question was formulated: 1) What are the key drug attributes influencing OP patients’ preferences
as identified in DCE studies? 2) How do preferences vary across different patient subgroups (eg, by gender, age, or
fracture history)? 3) How can the findings from preference studies be leveraged to improve clinical dosing regimens and
enhance patient compliance?

Objective
(1) To identify the drug attributes and non-drug attributes that affect the medication treatment preferences of OP
patients.
(2) To determine the strength and willingness to pay of these attributes.

Methods

This study is guided by Joanna Briggs Institute (JBI) guidelines for scoping reviews.'

Search Strategies
Five electronic databases (Web of Science, PubMed, CNKI, Wanfang Database, and VIP, with the search timeframe
spanning from database inception to April 30, 2024) were searched with the assistance of a librarian to identify the
studies that applied a DCE method to elicit osteoporosis patients’ preferences towards medication. The search strategies
are detailed in Table 1.

Study Selection

After combining the search results from five databases, duplicates were removed. The inclusion criteria were: 1) study
participants were OP patients; 2) methodology employed DCE; and 3) research focused on pharmacotherapy preferences
of OP patients. The exclusion criteria were: 1) duplicate publications; 2) non-Chinese/English publications; 3) articles
with unavailable full text; 4) grey literature (eg, conference abstracts, dissertations); and 5) non-primary research (eg,
reviews, commentaries, news reports).

Data Extraction and Quality Assessment
Two investigators independently conducted the initial title/abstract screening. Subsequently, they performed full-
text reviews of potentially eligible publications meeting the inclusion criteria, maintaining independent evaluation
throughout the process. If there is no consensus, it will be decided through joint discussion by a third researcher.
For each of the included publications data were charted: author(s), objective(s), study design, study population and
sample size, attributes (levels), and conclusion. Data extraction encompassed: 1) Basic information (author(s),
country, sample size); 2) DCE-specific components (sample size calculation method, included attributes/levels,
number of choice sets, presence of opt-out options, key findings).

This study applied the 13-item quality assessment criteria previously published and validated by Mandeville et al,'?
which comprehensively address all four critical phases of DCEs. These criteria have been consistently employed in prior
research to evaluate the methodological rigor of included studies.'*
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Table | Search Strategies

Database No. Index Terms
Web of #1 | Topic: osteoporosis OR bone resorption OR bone diseases OR osteoporos* OR bone loss
science #2 | Topic: medication adherence OR pharmaceutic* OR medic* OR drug

#3 | Topic: preference OR discrete choice experiment OR DCE OR conjoint analysis

#4 | #1 AND #2 AND #3

PubMed #l (“osteoporosis” [Mesh Terms] OR “bone resorption” [Mesh Terms] OR “bone diseases, metabolic’[Mesh Terms] OR
“osteoporos*” [Title/Abstract] OR “bone loss” [Title/Abstract])

#2 | (“medication adherence”[Mesh Terms] OR “medication adherence”[Title/Abstract] OR “pharmaceutic*” [Title/Abstract]
OR “medic*” [Title/Abstract] OR “drug” [Title/Abstract])

#3 | (“patient preference” [Mesh Terms] OR “preference” [Title/Abstract] OR “discrete choice experiment” [Title/Abstract]
OR “DCE” [Title/Abstract] OR “conjoint analysis” [Title/Abstract])

#4 | #1 AND #2 AND #3

CNKI #l Topic: osteoporosis +* bone loss + bone mineral density + bone metabolism

#2 | Topic: drug + drug therapy

#3 | Topic: preference + discrete choice experiment + conjoint analysis + preference elicitation + stated preference

#4 | #1 AND #2 AND #3

Wanfang #1 | Topic: osteoporosis OR bone loss OR bone mineral density OR bone metabolism

Database #2 | Topic: drug OR drug therapy

#3 | Topic: preference OR discrete choice experiment OR conjoint analysis OR preference elicitation OR stated preference
#4 | #1 AND #2 AND #3

VIP #1 K®:osteoporosis OR bone loss OR bone mineral density OR bone metabolism

#2 | K:drug OR drug therapy

#3 | K:preference OR discrete choice experiment OR conjoint analysis OR preference elicitation OR stated preference

#4 | #1 AND #2 AND #3

Notes: *The plus sign in the CNKI database means “OR”. °K refers to Keywords.

Results

Selection of the Studies Included in the Review

The literature screening process is shown in Figure 1. A systematic search across five databases yielded 1,157 records.
Following duplicate removal and exclusion of records not meeting inclusion/exclusion criteria, nine studies were
ultimately retained for analysis.

Quality Assessment
All studies were scored against a list of 13 criteria,'> with median count of 8/13, and a range between 515 and 11,'°
shown in Table 2.

Overview of the Studies Included in the Review
Six of the nine studies were conducted in Europe, and all the details regarding the sample and DCE characteristics of the
included studies are shown in Table 3.

Determination of Attributes and Levels of Medication Preferences in OP Patients

Determining the attributes and levels that influence medication preferences of OP patients is a fundamental and important
step in the implementation of DCE, and every decision in its process affects the study design of the DCE.'" Attributes
and levels can be determined through literature review, qualitative research (eg, semi-structured interviews), focus group
discussions, priority setting, etc., and need to be integrated with respondent perspectives, specific policies, and decision-
making settings.?* In this study, attributes were either quantitative (eg, frequency of administration, out-of-pocket costs,
etc.) or qualitative (eg, drug type, mode of administration). The number of attributes of DCE studies in healthcare
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Figure | PRISMA flow diagram showing process of study selection for inclusion in review.
generally ranges from 3 to 9, with a median of 5, and the number of levels also generally ranges from 2 to 5.*> The
number of DCE study attributes included in this study ranged from 3 to 6 and the number of levels ranged from 2 to 6.

The included attributes were drug and non-drug attributes: efficacy/effectiveness, mode of administration, frequency of

Table 2 Validity Assessment of Included Studies

Criteria Study
D@ || @® |6 | @2|@| @2 | @
Choice Task Design Choice of attributes and levels grounded in N Y Y Y Y Y Y Y -
qualitative work with target population
No conceptual overlap between attributes Y Y Y Y Y Y Y Y Y
Uni-dimensional attributes Y Y N N Y N Y N N
Inclusion of an opt-out or status quo option or Y Y N N Y Y Y Y Y
justification of forced choice
Experimental Design Experimental design optimal or statistically Y - Y - Y Y Y Y -
efficient
Conduct Piloting conducted amongst target population N Y Y Y Y Y Y Y -
Target population(s) appropriate for research Y Y Y Y Y Y Y Y Y
objective
Sampling frame representative of target N N - - - - - - -
population
Response rate sufficient to minimise response bias - N - Y - Y Y Y -
Analysis Any pooled analysis from different subgroups Y - Y - - - Y - -
appropriate
Econometric model appropriate for choice task Y Y Y Y Y Y Y Y Y
design

Econometric model accounts for serial - - - - - - - - -
correlation of choices

Relative attribute effects compared using Y Y Y Y Y Y Y Y Y
a common metric

Notes: Y = Criterion met, - = Insufficient information to judge whether criterion met, N = Criterion not met.
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Table 3 Basic Characteristics of Included Studies

of drug delivery (6)

Included Country Sample Analytical Attributes (Number of Levels) Number of Main findings

Study Size Models Choices

@'7 China 282 A mixed logit Treatment efficacy in reducing the risk 15 Patients preferred treatments with high

model of fracture (4), out-of pocket cost fracture prevention efficacy and low
per year (5), adverse effects of cost; characteristics such as age, gender,
treatment (3), and mode of education, self-reported VAS® scores,
administration (5) and previous fracture status
contributed to the heterogeneity of OP
medication preferences.
@'8 America 302 A multivariable Way the medicine is given (4), time in 8 Approximately 60% of OP patients
logistic between does of medicine (5), prioritize drug efficacy when choosing
regression effectiveness to prevent spine fractures a treatment regimen. Most individual
analysis (5), effectiveness to prevent hip characteristics and clinical factors do
fractures (4), risk of non-serious side not reliably predict what patients value
effects (4), risk of serious side effects (4) most when choosing OP treatments,
suggesting that the development and
expansion of shared decision-making
tools is necessary.

@'9 Colombia 200 A random Type of osteoporosis 36 The attributes with the highest
parameters medicine (2), length of the needle (3), estimates of relative importance of
logit (RPL) angle of injection (2), how to measure conditions were biological versus

model the biosimilar, followed by needle length,
medicine dose for each dosimetry, refrigeration, and injection

Injection (2), how long the medicine angle; socioeconomic status such as
can be left out of the patient education and occupation were

refrigerator when sources of preference heterogeneity.

Traveling (3)
@20 Spain 166 A random Type of drug administration (3), place of 9 Patients were willing to pay € 183 per
effects probit administration (3), and cost (3) month for a daily subcutaneous
model injection compared to one intravenous
injection per year, and €121 per month
for medically supported medication at
home compared to hospitalization for
medication.

@2' Seven 1124 A mixed logit Efficacy in 16 In all countries, patients preferred more
European model reducing the risk of fracture (4), effective treatments, with 6-monthly
countries possible side effects (3), mode of subcutaneous injections being preferred

administration (3), frequency of to weekly oral tablets; there were
administration (5), and cost (4) statistically significant differences in
anti-osteoporosis drug preferences
between countries, particularly in the
mode of administration, and therefore
international treatments should be
considered culturally adapted.
@22 Netherlands 120 A conditional Effectiveness of treatment (4), side 16 Women were more willing to accept
logit regression effect of treatment (nausea) (2), total taking preventive medications, even
model treatment duration (4), route of drug with side effects and out-of-pocket
administration (4), and costs (4) costs.

@'6 Belgium 257 Mixed logit Efficacy in reducing the 15 Patients preferred subcutaneous

model risk of fracture (4), type of potential injections every 6 months and monthly
common side-effects (3), mode (3) and oral medications, with gastrointestinal
frequency (5) of administration and disturbances as the least preferred
costs (5) medication side effect.
23 Netherlands 120 A conditional Effectiveness (10-year risk reduction of 16 Patients preferred medication that
logit regression a hip fracture [%]) (4), nausea as an reduced the 10-year risk of hip fracture;
model adverse effect (2), total treatment preferred cheaper, nausea-free
duration (4), route of drug medication for a shorter period of time;
administration (4) and costs (4) and preferred monthly dosing over
other routes of administration.

@'5 Netherlands 188 A mixed logit Efficacy (chance reduction of re- 16 Patients with previous fractures valued

model fracture) (4), side effects (3), and mode efficacy the most; oral tablets were

preferred in patients with fear of
needles and age > 65 years.

Notes: “VAS refers to the Visual Analog Scale, which is used for pain assessment.
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administration, side effects/adverse reactions, out-of-pocket costs, total treatment time, angle of injection, length of the
needle, how to measure the drug dosage, and the length of time the drug does not need to be refrigerated.

OP Medication Preference Choice Set Construction and Experimental Design

After determining the attributes and levels, it is necessary to construct drug regimens with different characteristics for
different combinations of attribute levels, ie, hypothetical choice sets. The complete combination of all attribute levels is
called a “full factorial design”, which allows for the independent estimation of all main effects (the effect of each
attribute) and interaction effects (the effect of interactions between two or more attributes).”® However, given the patient
burden and practicalities, researchers usually choose a departmental analysis dependent design, which likewise allows for
the estimation of all effects of interest to the researcher. A common approach to DCE choice set construction in health
care is the small-part analytic factorization design known as orthogonal main effects plans (OMEPs), which implies
strictly additive indirect utility functions (IUFs).?® The number of choice sets in the DCE studies included in this study
ranged from 8 to 36, and most of the studies set an opt-out option (opt-put), which can effectively reduce the bias of
parameter estimation. In order to reduce the cognitive burden of OP patients, some DCE studies randomly assigned the
medication regimen choice sets to different questionnaires to improve the survey quality.'® Also, in order to test the
validity of the questionnaire, some studies set up a repeated choice set as a way to assess the consistency of OP patients’
pre and post choices,'®?!
the DCE choice set.”***

and some studies set up a dominant choice set as a way to test whether OP patients understood

Data Collection and Statistical Analysis

Patient recruitment in the DCE studies included in this study was done through a variety of online and offline methods
such as outpatient clinics, e-mail, and mailed questionnaires, and the sample size calculations included the thumb rule
17.19 16.18:21.22 while the other

three studies did not mention the sample size calculation method, and the sample sizes included ranged from 120 to 1124,

proposed by Johnson and Orme and the rule of thumb proposed by Pearmain and Kroes,
which meets the sample size requirements of the DCE study’s requirements for sample size.
Conditional logit models and their variants (including random parametric/mixed logit models, hierarchical Bayes,
latent class mixture models, etc.) are often used for DCE data analysis, and five studies in this study applied random
parametric/mixed logit models to analyze the data, which can reduce the impact of patients’ individual differences and
heterogeneity of preferences on the results of the study, and is currently the most widely used in the field of health care;*’
two studies used conditional logit regression models, one study used a random effects probit model, and one study used

multivariate logistic regression analysis.

Key Findings on Medication Preferences in OP Patients

Strength of Preference and WTP for Medication in Patients with Osteoporosis

Drug efficacy in OP patients generally refers to the ability of a drug to reduce the incidence/risk of fractures in patients and is
an attribute that is valued by patients receiving drug therapy. Hip fracture prevention efficacy was the most valued attribute of
1'8 1.2 1'7 reported that
OP patients were willing to pay more monetarily to improve the efficacy of medication for fracture prevention, an additional

patient medication in the study by Liu et al ® which is consistent with the findings of Cornelissen etal. > Sieta
$3689 annually for each 1% improvement in efficacy. Patients preferred medication that reduced the 10-year risk of hip
fracture, and for every 10% reduction in fracture risk, patients were willing to adhere to medication for 7.5 years and were
willing to pay €175 in the De Bekker-Grob et al study.*>

The mode of administration, which includes the route of administration as well as the frequency of administration, is
likewise an important factor influencing the medication preferences of many OP patients. A study by Si et al'” showed
that annual intravenous infusion was the most strongly preferred method of administration, with patients willing to pay
an additional $30,884 compared to weekly oral tablets, followed by 6-monthly subcutaneous injections. Similarly in the
study by Hiligsmann et al,'® patients preferred a dosing regimen of subcutaneous injections every 6 months over weekly
oral tablets, were willing to pay an additional monthly cost of €19.53, or were willing to give up 13.52% of the drug’s
efficacy in exchange for a 6-month subcutaneous treatment pattern, which is in line with the results of a DCE study
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conducted by Hiligsmann et al*' in 7 European countries, where patients favored a regimen with less frequent and longer
intervals of administration, regardless of the mode of administration. In contrast, Darba et al*> who investigated the
preferences of 166 OP patients in Spain for medication, showed the opposite result, patients were willing to pay €142 per
month for a daily subcutaneous injection compared to a daily or weekly tablet, and €183 per month for a daily
subcutaneous injection compared to an annual intravenous injection. These differences may be related to the fact that
customs vary from region to region.

Medication side effects are likewise a major consideration for OP patients. In two studies by Hiligsmann et al,'®*!
patients valued the impact of side effects the most, with gastrointestinal disturbances being more unacceptable than the
two side effects of skin reactions and flu-like symptoms. In two studies by De Bekker-Grob et al, patients favored
cheaper, nausea-free medication for a shorter period of time,** and patients were willing to pay $752 to avoid nausea as
a side effect.?

Factors such as the type of medication, the angle of administration, and the location of administration similarly
influence patient medication preferences. A study by Graham-Clarke et al'® showed that despite the availability of
biosimilar teriparatide in Colombia, patients preferred to receive the original biologic, preferring drugs with shorter
needles, 45-degree injections, automated administration, and drugs that could be stored in the refrigerator for longer

periods of time. A study by Darba et al*°

showed that patients preferred to administer medication at home once a day
with medical support, and were willing to pay €59 per month to administer medication at home with medical support
compared to administering medication at home alone, and were willing to pay €121 per month for medical support while

receiving medication at home compared to receiving medication for a couple of hours in a hospital.

Heterogeneity of Drug Treatment Subgroup Preferences in OP Patients

There are differences in medication preferences for OP patients with different traits. Si et al'” suggested that patients age
was the main factor for preference heterogeneity, there was a statistically significant difference in preference for adverse
effects in patients < 60 years of age, whereas there was no statistically significant difference in patients > 60 years of age,
and the difference in preference for mode of administration was statistically significant in both cases, but the preference
was stronger in patients < 60 years of age. In the study by Cornelissen et al,'* oral intake had the greatest impact on
medication preference in elderly patients, who preferred monthly oral tablets to intravenous therapy, with medication side
effects being the attribute they cared least about. There is an effect of patient education on their preference. Patients who
graduated from college highly valued the efficacy of medication in fracture prevention when choosing medication in the
study of Liu et al,'® and highly educated patients preferred the attribute of automated drug administration in the study of
Graham-Clarke et al."”

preference in OP patients, with patients with a history of previous fracture valuing efficacy more than those with no

The presence or absence of a history of fracture is also an important influence on medication

history of fracture,'> which were similar to the findings of Darba et al, who reported that patients that have suffered one
or more fractures would be willing to pay more for their treatment preferences to avoid more risks.”” Patients’ beliefs
about the necessity of medication also influence their preferences, with patients with strong beliefs focusing more on the

efficacy of medications in preventing fractures.'®

Discussion
Osteoporosis poses a significant burden in aging populations, where poor medication adherence remains a major clinical
challenge.”® Understanding patient preferences is crucial for improving adherence.”” A scoping review is an evidence-
based approach to knowledge integration and evidence identification, with strengths such as breadth of search, rigor of
study design, and a higher level of evidence in scoping reviews compared to traditional reviews.*® Therefore, this study
was based on a scoping review to retrieve and summarize the studies on medication preferences of OP patients to
understand the factors influencing their preferences as well as the strength of each factor and WTP, so as to provide
scientific references for healthcare professionals when making medication decisions.

Medication effectiveness remains the most important attribute for the majority of OP patients, which is consistent with
the results obtained by other research methods (eg, Likert scale, OP treatment questionnaire).’! Medication effectiveness
refers to a reduced risk of fracture/re-fracture, and patients are willing to pay a higher price and experience longer treatment
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cycles in exchange for efficacy. In terms of the mode of administration, patients preferred less frequent and longer intervals
of administration as well as safer medication regimens, which are more convenient for patients and easy to follow in the
long term. Gastrointestinal reactions are the least acceptable side effect of drug therapy for all patients, which is informative
for pharmaceutical groups when determining the composition of drugs. In addition pharmacological attributes such as the
type of drug administered and non-pharmacological attributes such as the angle of administration and the place of
administration significantly influence patients’ medication preferences. OP patients weigh different attributes when making
medication choices to make the choice that best meets their needs. Compared with the systematic review on women’s values
and preferences regarding OP treatments conducted by Barrionuevo et al,** our study confirms the key priorities they
identified, particularly patients’ emphasis on effectiveness and less frequent administration.However, by focusing on DCEs,
our review provides critical quantitative advancements. It addresses the limitations in Barrionuevo et al’s study> that were
unable to guide trade-offs, offering previously unavailable actionable data for policy and clinical decision-making.

There are differences in medication preferences among OP patients with different demographic characteristics due to
cognitive, environmental, and other differences. Older patients are more likely to accept relatively safe and non-invasive
medication regimens, which may be related to the physical condition of the elderly. Differences in drug treatment
preferences among patients from different countries may be related to differences in cultural background, economic level
and health care system. Patients whom have suffered from a previous fracture are more aware of the inconvenience of
a fracture than patients without a previous fracture, so they value the efficacy of the medication and have a higher WTP.
The greater focus on efficacy as well as convenience in more educated patients may be related to the fact that such
patients are more capable of learning about medication and have higher expectations of medication efficacy.

Improving medication adherence may have a more significant impact on patient health status than other treatment
measures. Healthcare professionals are becoming aware of the differences in treatment preferences with their patients and
are therefore fully incorporating patient preferences and values in their decision-making. At the same time, the results of
this study provide a scientific basis for health insurance policy making, especially in terms of drug reimbursement, which
should take into account medical and economic factors as well as patient group preferences.

Limitation of this scoping review included: 1) The retrieval work was completed in May 2024, therefore relevant
studies may have been published subsequently; and 2) The relative importance of OP patient preference attributes across
different studies must be used with caution, as the selection of assumed attributes and levels, as well as differences in
patient populations across regions and economic levels, may influence the relative importance.

This scoping review delineates the current landscape of utilizing DCE to investigate medication preferences among
OP patients. To further deepen understanding and translate research findings, future studies could: 1) conduct meta-
analyses on specific attributes to quantify preference strength; 2) transform DCE results into clinical decision aids to
facilitate shared decision-making; and 3) implement longitudinal studies to directly validate the impact of preference
matching on medication adherence.

Conclusion

This scoping review demonstrates that medication effectiveness has always been the most valued attribute for the
majority of OP patients. Preference heterogeneity was observed across subgroups based on fracture history, education,
and cultural context. By providing robust, quantitative evidence on patient priorities, this study offers a critical founda-
tion for shared clinical decision-making, patient-centered drug development, and informed health policy formulation,
ultimately aiming to enhance adherence and treatment outcomes in osteoporosis care.
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