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Abstract
Background and Objectives  Caregivers routinely inform medical and regulatory decision making in rare pediatric dis-
eases. While differences in treatment preferences across caregivers and patients have been observed for Duchenne muscular 
dystrophy, this evidence was limited by small samples of patients and results were confounded by patient age and disease 
progression. We tested caregiver and patient preference concordance for treating Duchenne.
Methods  Preferences and demographic/clinical information from 115 caregivers and 107 patients were collected in an 
international study (response = 80%) using a previously developed discrete-choice experiment consisting of 12 experimen-
tally controlled choice tasks. Each task presented two profiles that varied across four attributes: disease progression, drug 
failure probability, kidney damage risk, and fracture risk. Caregivers and patients were matched 1:1 based on patient age. 
We tested for concordance across each task and by comparing caregivers’ and patients’ maximum acceptable risk of drug 
failure, kidney damage, and fracture for a slowing of disease progression.
Results  The final analysis included 77 caregivers and 77 patients. No differences were observed in nationality (p = 0.969), 
disease stage (p = 0.180), or demographic/clinical factors (p = 0.093–0.857); however, patients were more optimistic (p 
= 0.030). Caregivers and patients chose similarly across tasks (p = 0.101–0.993). To slow disease progression by 1 year, 
caregivers and patients would tolerate a 9% and 11% increase in drug failure probability, respectively (p = 0.267). Alterna-
tively, they would accept a 3% and 4% increase in the risk of kidney damage (p = 0.719) or a 15% and 20% increase in the 
risk of fracture (p = 0.534).
Conclusions  Caregivers and patients had concordant preferences for treating Duchenne. Providers and regulators can trust 
both caregiver and patient report of preferences to inform medical decision making.
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Key Points for Decision Makers 

Regulatory agencies often use caregiver preferences to 
inform decision making regarding degenerative, rare, 
pediatric, and other conditions.

Previous research quantifying preferences in Duchenne 
muscular dystrophy indicated that caregivers and patients 
have different preferences, but evidence was limited by 
small samples and confounded by age and health status.

This large international study indicates that caregivers 
and patients have concordant treatment preferences once 
adjusting for patient age, an indicator of disease progres-
sion.

We present a methodological advancement in comparing 
preferences across cohorts using matching approaches.

1  Introduction

Treatment advances over the past two decades have helped 
extend life and improve health for many patients with rare 
diseases [1, 2]. Even as patients increasingly live into adult-
hood, many still make medical decisions in conjunction 
with caregivers. Caregiver decision making on behalf of 
patients is typically centered on the best-interest standard, 
wherein the caregiver makes choices thought to maximize 
benefits and minimize harms [3]. Such determinations are 
highly preference sensitive, and it is unknown if patients, 
and the caregivers who inform decisions on their behalf, 
value benefits and harms in the same way. This scenario is an 
example of the principle-agent problem, an economics con-
cept wherein two groups (here, caregivers and patients) have 
asymmetrical information (here,  separate lived experience 
of a condition), which can result in a different willingness 
to assume risk in exchange for benefit [4].

Understanding the preferences and values of caregivers 
and patients directly affected by rare diseases is essential to 
improving patient-centered decision making in many con-
texts [5, 6]. Caregiver and patient preferences can inform 
treatment decisions when clinical evidence or therapeutic 
options are limited (as is often the case for rare diseases) 
[7]. There is a push to include rare disease communities in 
the development of care standards to ensure they are realistic 
and promote treatments and interventions that are worth-
while to patients [8]. Caregiver and patient input can inform 
patient-centered clinical trials, such as by informing the 
selection of relevant outcome measures [9–11]. Caregiver 

and patient preference information is also increasingly 
integrated into regulatory decision making in the USA and 
internationally [12–14]. The US Food and Drug Administra-
tion has endorsed the collection of patient experience data 
from both caregivers and patients, as well as from patient 
advocates [15]. Approaches for systematically integrating 
this information into regulatory decision making are still 
evolving. [16]

The Duchenne muscular dystrophy patient community 
and Parent Project Muscular Dystrophy have been leaders in 
advancing the integration of caregiver and patient perspec-
tives into decision making [17, 18]. Parent Project Muscu-
lar Dystrophy has played a role in developing regulatory 
guidance, advancing the science of patient engagement, and 
increasing the use of preference methods to inform patient-
focused drug development [19, 20]. Preference studies of 
caregivers and patients with rare diseases with pediatric 
onset have demonstrated mixed concordance, with some 
research suggesting the two groups have similar prefer-
ences and others indicating dissimilarities [21–26]. Such 
preference studies have been limited by small sample sizes 
of patients (i.e., generally fewer than 50), and have not been 
matched on patient age or other important characteristics 
of disease progression, introducing potential confounding. 
These limitations may influence inferences made about pref-
erence concordance between caregiver and patient groups.

We sought to test the concordance of caregiver and patient 
preferences for treating Duchenne muscular dystrophy. 
While we hypothesized that caregivers and patients would 
have the same preferences for treatment, previous evidence 
from a small pilot study indicated that this might not be the 
case [24]. There is an imperative to evaluate the concordance 
of rare disease caregivers’ and patients’ preferences given 
that both groups can inform clinical and regulatory deci-
sion making. The findings of this study have implications for 
clinical and regulatory decision making in Duchenne. Our 
study also presents a number of methodological advances 
in the comparison of patient and caregiver preferences that 
could be applied to studies of other rare diseases.

2 � Methods

2.1 � Study Participants

Duchenne muscular dystrophy is a rare genetic neuromuscu-
lar disorder for which there is currently no cure. Duchenne 
is characterized by progressive muscle degeneration caus-
ing functional decline and weakness beginning in the lower 
limbs [27]. The average lifespan of people with Duchenne 
is in the mid-20s, up from the teen years if left untreated 
[28, 29]. These gains in lifespan are mostly due to improve-
ments in supportive pulmonary and cardiac care over the 
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past decade [30]. Duchenne is caused by a mutation in the 
Duchenne gene, carried on the X-chromosome [31], and as 
a result almost exclusively affects male individuals. It has an 
incidence of 1 out of every 3500–5000 male births. [32–34]

Duchenne caregivers and patients from  eight countries 
(Australia, Belgium, Canada, Italy, France, The Netherlands, 
UK, and USA) were invited to participate in an online sur-
vey. The study used a quota sampling approach wherein all 
countries initially agreed to enroll at least 20 patients, 20 
caregivers of adult patients (aged 18 years and older), and 20 
caregivers of pediatric patients (aged younger than 18 years). 
Country leaders identified respondents by advertising the 
survey through patient registries (e.g., DuchenneConnect), 
Duchenne patient-group social media, and word of mouth. 
No compensation was offered for participation.

Individuals were eligible to participate in the survey if 
they were: (i) aged 18 years or older; (ii) male with Duch-
enne OR a caregiver of a male with Duchenne; and (iii) 
residing in a participating country. Duchenne diagnosis was 
self-reported. Participants were not excluded based on any 
clinical characteristics, such as disease stage/ambulation 
status. Participants indicated their consent to participate 
by a one-question item on the first screen of the survey. 
Patients were instructed to make all answer choices on their 
own, even if someone else was helping them to record their 
answers.

The current analysis was restricted to only adult patients 
and caregivers of adult  patients. Caregivers of  pediat-
ric patients  were dropped as we sought to compare pref-
erences across caregiver and patient groups, and including 
caregivers of minors introduced age confounding for which 
we could not adjust.

2.2 � Study Design

We utilized a continuous community-engaged approach to 
conceptualize, design, and implement a survey exploring 
patient-centered health outcomes for Duchenne caregivers 
and patients over a three year period (2018–20) [18, 35]. 
We follow a previously published engagement approach 
[36]. The study was conducted internationally, and coun-
tries varied in their experience and familiarity with patient 
preference research. We used several approaches to promote 
equitable engagement and design a patient-centered survey 
in collaboration with international Duchenne community 
partners.

First, we developed long-term engagement relationships 
with members of the Duchenne communities in all par-
ticipating countries. We engaged 15 country leaders on 
the study’s advisory board, including Duchenne caregiv-
ers, patients, and other professional advocates. Engage-
ment with country leaders revealed that patient groups 
internationally were interested in exploring benefit-risk 

trade-offs for emerging treatments [18]. They also indi-
cated interest in exploring preferences after adjusting for 
patient age, as patient age is associated with health out-
comes in this degenerative condition. Based on this input, 
we adapted a discrete-choice experiment (DCE) that had 
been previously developed and evaluated in a US sample 
of Duchenne caregivers and patients [24]. This DCE was 
developed following nearly a decade of engagement with 
the Duchenne community [18, 21, 22, 24, 35, 37–39], and 
intended to reflect trade-offs that caregivers and patients 
might face when making treatment decisions and inform-
ing regulatory medical decision making in the future.

Second, the adapted DCE was pre-tested by 18 indi-
viduals (two to three individuals in each country except for 
France and Italy, who joined the study after data collection 
had already begun). All pre-testing was done in English. 
The DCE was modified to specify the treatment benefit 
of slowing disease progression in terms of the length of 
the benefit, rather than qualitatively (e.g., benefit for 1, 3, 
or 5 years, rather than small, medium, or large benefit). 
This was done as individuals expressed that the qualitative 
labels were ambiguous, and that they would want more 
information about what defined the different levels of ben-
efit in order to make meaningful trade-offs. Individuals 
also indicated that they selected treatment profiles based 
on which they thought would most likely be approved by 
regulators. As we sought to document preferences rather 
than perceptions of what regulators would approve, we 
also modified the DCE to instruct participants to select 
treatments assuming that each was “real and available to 
you.”

Third, we professionally translated the survey into all 
official national languages, and offered country leaders 
the opportunity to further tailor language. The survey was 
translated from English into French (Canadian and Bel-
gian dialects), Dutch (The Netherlands and Flemish dia-
lects), and Italian, and stakeholders recommended specific 
modifications to better reflect how the patient community 
described specific health phenomena.

Fourth, we offered flexibility in recruitment approaches 
across countries, while still striving for equal represen-
tation. In some instances, it was harder to identify par-
ticipants than country leaders had anticipated, resulting 
in a long recruitment process (October 2018–May 2020) 
and the need to pursue diverse and innovative sampling 
approaches that varied internationally.

Fifth, we maintained open communication with country 
leaders before, during, and after data collection. Because 
of our open and frequent communication with country 
leaders, including bi-monthly calls and more frequent 
e-mails, and quarterly updates on study findings, we heard 
of the increased stressors brought about by the COVID-19 
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pandemic. As a result, it was decided to stop recruitment 
before meeting all sampling quotas.

2.3 � Survey Instrument

Participants provided demographic and clinical information 
about themselves and/or the person with Duchenne includ-
ing the patient’s age, nationality, history of fractures, history 
of kidney damage, and medications used to manage Duch-
enne. Two survey measures assessed disease progression. 
The first was the Performance of the Upper Limb Patient-
Reported Outcome Measure (PUL-PROM), which measures 
upper limb function related to daily life. PUL-PROM is a 
condition-specific measure validated for use among patients 
with all stages of Duchenne [40, 41]. Scores range from 0 
to 64, with higher scores indicating better functioning. The 
second measure was ambulatory status, measured via a sin-
gle question and ten response options that are routinely re-
categorized into the four disease stages of Duchenne: early 
ambulatory, late ambulatory, early non-ambulatory, and late 
non-ambulatory. Participants also rated themselves on sev-
eral personality characteristics, including: (i) risk taking; 
(ii) optimism; (iii) health seeking; and (iv) control seeking, 
along a five-point Likert scale (strongly disagree-strongly 
agree) [24]. Responses were dichotomized to agree/strongly 
agree vs neutral/disagree/strongly disagree.

The adapted DCE included the following four attributes 
with three levels each: (i) slowing disease progression (1, 3, 
5 years); (ii) chance of drug benefit (25%, 50%, 75% chance); 
(iii) added risk of kidney damage (none, 10%, 20%); and (iv) 
added risk of fracture (none, 10%, 20%). We used Ngene 
[42] to create a balanced, D-efficient experimental design 
with zero priors and 12 choice tasks, each of which com-
pared two profiles that varied on the level of the attributes. 
Attribute levels for the DCE were selected based on a litera-
ture review and expert guidance of what drugs for Duchenne 
might look like in the future [3]. It was not explicitly indi-
cated that a treatment failure would imply no benefit but still 
all the risks. The attribute of slowing disease progression 
was meant to reflect prolonging the amount of time someone 
was in a given disease stage, rather than explicitly increasing 
overall survival. Participants were asked, “If both drugs were 
real and available to you, which would you choose?” We did 
not include an opt-out choice in the DCE as we intended to 
report trade-offs rather than thresholds or utility specifica-
tion. Caregivers and patients received identical versions of 
the DCE, and both groups were asked to report on their own 
personal preferences.

Several efforts were made to maximize and evaluate par-
ticipant understanding of the DCE. These included: (i) the 
use of pictograms and text to visualize and explain each 
attribute and level; (ii) a “warm-up” task wherein partici-
pants rated the importance of each attribute after having 

read a description about it; and (iii) an example DCE task. 
Participants also evaluated the DCE according to a set of 
debriefing items that assessed how relevant, easy to under-
stand, easy to answer, and consistent with their preferences 
the instrument was [24]. Responses to these items helped to 
assess internal validity.

2.4 � Sample Size

We conducted a post-hoc sample size calculation to demon-
strate that we were statistically powered to identify a differ-
ence between groups. Sample size for DCEs are typically 
justified using rules of thumb, parametric approaches, or 
previous literature [43–45]. A formal analytic method has 
emerged to identify minimum sample size required to test 
specific hypotheses of DCEs, and requires specification of 
significance level ( � ), statistical power ( � ), statistical model 
(e.g., conditional logit, mixed logit), initial belief about 
parameter estimates, and DCE experimental design [46]. 
We calculated an estimated sample size using this approach 
by specifying an � = 0.05, � = 0.15, and using post-hoc 
parameter estimates derived from conditional models esti-
mated aggregately for caregivers and patients. According to 
these specifications, the resulting minimum sample size for 
caregiver and patient groups was 64 respondents. Additional 
respondents may be needed to power a mixed logit model.

2.5 � Data Analysis

Matching is an approach to reduce bias and can help isolate 
potential sources of outcome variation [47]. Caregiver and 
patients were matched based on patient age. Patient age is 
related to health status in this degenerative condition, and 
is a high fidelity and low-burden measure. We used a sub-
set, fixed 1:1 matching without replacement for the primary 
analysis [48, 49]. This approach created a subset of observa-
tions wherein there were an equal number of caregiver and 
patient respondents, and the two groups had identical patient 
age structures; i.e., if there were three patients aged 25 years 
in the dataset, then there were also three caregivers reporting 
on patients aged 25 years in the dataset. We used a random 
selection process facilitated by a random number generator 
to determine which respondents were included in the subset.

Differences in the clinical, demographic, and personality 
characteristics of caregiver and patient groups were assessed 
using t tests and chi-square/Fisher exact tests. Caregiver 
and patient preference concordance were explored in sev-
eral ways. First, bivariate analysis using chi-square/Fisher 
exact tests was conducted to assess whether the proportion 
of caregivers and patients who chose either given profile in 
the DCE (A or B, for tasks 1–12) were the same. Second, 
preferences for caregivers and patients were estimated using 
a mixed logistic regression. Mixed logistic regressions allow 
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for individual-specific variation in preferences [50]. Model-
level differences in preferences for caregivers and patients 
were assessed using a Swait and Louvier test [51]. Third, 
whether any preference differences could be observed after 
adjusting for any difference in scale across caregivers and 
patients was explored using a heteroskedastic multinomial 
logistic regression [52]. Fourth, maximum acceptable risk 
(MAR) percentages using the willingness-to-pay approach 
[53, 54] were derived from mixed logit models and com-
pared across caregiver and patient groups using Z-tests. 
Maximum acceptable risk identifies how much risk par-
ticipants will accept in exchange for a given benefit, and is 
routinely used to explore trade-offs between potential thera-
peutic benefits and risks [55, 56]. We separately estimated 
caregivers’ and patients’ MAR of an increase in probability 
of drug failure, risk of kidney damage, and risk of fracture 
in exchange for a 1-year slowing of disease progression. 
Probability of drug failure was derived by reverse coding 
the chance of benefit attribute presented in the DCE in an 
approach consistent with standard analytic practice [24, 57]. 
Maximum acceptable risk confidence intervals were esti-
mated using the delta method.

We used chi-square tests to compare how caregivers and 
patients evaluated the DCE using dichotomized versions 
of the debriefing items. Percent endorsement of items as 
agree/strongly agree was also evaluated in comparison to 
an a priori 75% threshold using a two-sided Z-test [24]. All 
analyses were performed using Stata at a significance level 
of � = 0.05.

2.6 � Sensitivity Analysis

We conducted three sensitivity analyses to test the robust-
ness of our results. The first sensitivity analysis explored 
preference concordance for caregivers and patients when 
truncated by patient age, and only including responses 
regarding patients who were aged 19–35 years. This analysis 
was anticipated to validate results from the primary analysis, 
as it reduced differences in age observed across groups. The 
second sensitivity analysis explored preference differences 
across the full samples without any censoring or age match-
ing. This analysis was conducted to meet good practices 
of preference research, which indicate that all respondents 
should be included in the analysis [58]. The third sensitiv-
ity analysis explored preference differences across those 
participants who were excluded from the primary dataset. 
This analysis was intended to demonstrate whether prefer-
ence differences could be ascertained at much lower sample 
sizes when groups continued to vary on important clinical 
characteristics for Duchenne such as patient age.

All protocols for data collection and analysis were 
approved as research exempt from further human subjects 
review by the Johns Hopkins Bloomberg School of Public 

Health (Institutional Review Board [IRB] No. 8175) and 
The Ohio State University College of Medicine (IRB No. 
2019E0113). We worked with country leaders to determine 
if an additional, country-specific IRB review was needed. 
Each country came to the independent decision that a further 
ethical review was not necessary.

3 � Results

A total of 115 caregivers and 107 patients were eligible for 
this analysis. Eighty percent of individuals identified by 
international patient groups completed the survey. After age 
matching, the caregiver and patient groups each contained 
77 participants with identical patient age structures (Fig. 1) 
and a mean patient age of 25 years (standard deviation = 
6). These 154 participants comprised the primary sample 
that is reported on in this paper (Table 1). The two groups 
did not vary in terms of nationality (p = 0.969). They were 
similar in clinical characteristics including ambulatory stage 

Fig. 1   Participant age distributions, a for full sample prior to age 
matching and b after age matching



582	 N. L. Crossnohere et al.

of Duchenne (p = 0.180), PUL-PROM score (p = 0.093), 
history of fracture (p = 0.183), history of kidney damage (p 
= 0.649), and treatments used to manage Duchenne, includ-
ing generic steroids (p = 0.857), Duchenne-specific steroids 
(p = 0.253), and exon-skipping therapies (p = 0.720). The 
groups were equally likely to self-report as being risk taking 
(p = 0.431), health seeking (p = 0.836), and control seeking 
(p = 0.679). Seventy-four percent of patients reported they 
were optimistic as compared with 57% of caregivers (p = 
0.030).

Caregivers and patients had the same likelihood of select-
ing a given treatment profile across each of the 12 choice 
tasks (p = 0.101–0.993). For both groups and across all 
tasks, the most preferred profile was one that described a 
treatment that slowed progression for 3 years, had a drug 
failure rate of 25%, had a 10% extra kidney damage risk, and 
no extra fracture risk. Ninety-nine percent of participants 
preferred this profile as compared with the alternate profile, 
which described a treatment that slowed progression for 1 
year, had a drug failure rate of 75%, had a 20% extra kidney 
damage risk, and 20% extra fracture risk (Fig. 2).

Mixed logit preference models for both groups were over-
all similar (p = 0.428) and groups displayed no differences 
in scale (p = 0.469; Appendix Table 1 of the Electronic 
Supplementary Material [ESM]). Caregivers and patients 
were willing to accept similar levels of risk in exchange for 
treatments that slowed disease progression (Fig. 3). To slow 
disease progression by 1 year, caregivers and patients would 
tolerate a 9% and 11% increase in drug failure probability, 
respectively (p = 0.267). Alternatively, they would accept 
a 3% and 4% increase in kidney damage risk (p = 0.719) or 
a 15% and 20% increase in fracture risk (p = 0.534) to slow 
disease progression by 1 year.

Caregivers and patients were equally likely to endorse the 
DCE as relevant (p = 0.737), easy to understand (p = 0.132), 
easy to answer (p = 0.229), and consistent with their prefer-
ences (p = 0.616) in debriefing items. Both groups met the 
a priori 75% acceptability benchmark for these four items, 
indicating that their evaluation of the DCE was consistent 
with normative expectations.

Table 1   Demographic and 
clinical characteristics of 
participants

PUL-PROM Performance of the Upper Limb Patient-Reported Outcome Measure

Characteristics Patients (n = 77) Caregivers (n = 77) P value

Patient age, years, mean (range) 25.3 (18–50) 25.3 (18–50) 1.000
Residence, n (%) 0.969
 Australia 4 (5) 4 (5)
 Belgium 6 (8) 5 (6)
 Canada 5 (6) 10 (10)
 France 11 (14) 8 (10)
 Italy 12 (16) 10 (13)
 The Netherlands 8 (10) 10 (13)
 UK 18 (23) 17 (22)
 USA 13 (17) 15 (19)

Ambulatory stage, n (%) 0.180
 Early ambulatory (0) 1 (1)
 Late ambulatory 8 (10) 2 (3)
 Early non-ambulatory 40 (52) 45 (58)
 Late non-ambulatory 29 (38) 29 (38)

PUL-PROM, mean (range) 23.36 (0–64) 17.93 (0–61) 0.093
History of fracture, n (%) 52 (68) 44 (57) 0.183
History of kidney damage, n (%) 3 (4) 2 (3) 0.649
Treatments used, n (%) all that apply
 Generic steroid 42 (55) 42 (56) 0.857
 Duchenne-specific steroid 23 (30) 29 (39) 0.253
 Exon skipping 5 (6) 6 (8) 0.720

Personality, n (%)
 Risk taking 26 (35) 20 (29) 0.431
 Optimistic 55 (74) 40 (57) 0.030
 Health seeking 54 (73) 50 (71) 0.836
 Control seeking 56 (76) 55 (79) 0.679
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3.1 � Sensitivity Analysis

A total of 87 caregivers and 82 patients were included 
in the first sensitivity analysis restricted to those report-
ing on patients aged 19–35 years. The two groups were 
similar across all characteristics (Appendix Table 2 and 

Fig. 1 of the ESM). Preference models for both groups 
were overall similar (p = 0.562) and groups demonstrated 
no differences in scale (p = 0.420). Caregivers and patients 
expressed no difference in the likelihood of selecting a 
given treatment profile for any of the 12 choice tasks (p = 
0.120–0.783). There was also no difference in the MAR 
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Fig. 2   Discrete choice experiment treatment profile selection (caregiver n = 77, patient n = 77)



584	 N. L. Crossnohere et al.

of drug failure probability (p = 0.497), increase in kidney 
damage risk (p = 0.758), or increase in fracture risk (p = 
0.678) that caregivers and patients would assume to slow 
disease progression for 1 year (Appendix Fig. 2).

The full sample of 115 caregivers and 107 patients was 
included in the second sensitivity analysis. Patients in this 
full sample were on average 28 years old while caregivers 
were reporting on patients who were on average 25 years old 
(p < 0.001; Appendix Table 2). Preference models for both 
groups were overall similar (p = 0.548) and demonstrated 
no differences in scale (p = 0.145). Patients self-reporting 
were less likely to report using a Duchenne-specific steroid 
than those reported on by caregivers (p = 0.014). There was 
no difference in the likelihood of selecting a given treatment 
profile for any of the 12 choice tasks (p = 0.153–0.954). 
There was also no difference in the MAR of drug failure 
probability (p = 0.178), increase in kidney damage risk (p = 
0.562), or increase in fracture risk (p = 0.686) that caregiv-
ers and patients would assume to slow disease progression 
for 1 year (Appendix Fig. 3).

A total of 38 caregivers and 30 patients were included in 
the third sensitivity analysis comprising those dropped from 
the full sample in order to create the primary age-matched 
analytic sample. Patients in this sample were on average 
10 years older than patients reported on by caregivers (p 
< 0.001; Appendix Table 3 and Fig. 4). Patients also had 
poorer upper limb functioning (p < 0.001) and were less 
likely to have used Duchenne-specific steroids (p = 0.003). 
Preference models for both groups were significantly differ-
ent (p = 0.021) but groups demonstrated no differences in 
scale (p = 0.712). Caregivers and patients also differed in 

their likelihood of selecting a given treatment profile for one 
of the 12 choice tasks (task 6, p = 0.0308, other tasks p = 
0.082–1.00). There was no difference in the MAR of drug 
failure probability (p = 0.520), increase in kidney damage 
risk (p = 0.206), or increase in fracture risk (p = 0.437) 
that caregivers and patients would assume to slow disease 
progression for 1 year (Appendix Fig. 5).

4 � Discussion

Patients with Duchenne are more likely to live into adult-
hood than ever before. This research answers an important 
call to understand whether the perspectives of patients vary 
from those of caregivers, who have been the traditional deci-
sion makers in Duchenne and other rare diseases. Results 
are drawn from an age-matched sample of 77 patients and 
77 caregivers spanning eight countries and collected using a 
survey with an 80% response rate. This is among the largest 
and most diverse samples of caregivers and patients yet to 
be included in a preference study for a single rare condition.

Caregivers and patients with Duchenne frequently make 
choices that weigh the benefits of treatments in compari-
son to both side effects and risks of uncertainty. At present, 
treatment options for Duchenne in the USA include the use 
of corticosteroids for all people with Duchenne muscular 
dystrophy, and several exon-skipping therapies for particu-
lar mutations [59], with other potential treatments in the 
pipeline [60]. These treatment decisions are not specific to 
those in the USA, but also are made by patients internation-
ally. Results demonstrate that both caregivers and patients 
are willing to accept risks of treatment in exchange for a 
potential benefit of slowing disease progression.

In Duchenne specifically, caregiver and patient prefer-
ence concordance has been previously compared with mixed 
results, and without taking into account fundamental dif-
ferences in the disease experiences across the two groups. 
Only four prior quantitative patient preference studies in 
Duchenne have included patients to our knowledge. Two 
of these studies suggested similar preferences among car-
egivers and patients, specifically regarding prioritization 
of quality-of-life outcomes [22] and preferences for treat-
ments with pulmonary benefits [21]. A third study found 
some variation in prioritization of endpoints for gene therapy 
trials, particularly between caregivers and patients with non-
ambulatory patients as compared with caregivers reporting 
on younger ambulatory patients [23]. The fourth study, from 
which the current DCE is derived, concluded that caregiver 
and patient preferences for disease-slowing therapies dif-
fered, as patients were more risk adverse than caregivers or 
professionals with regards to their willingness to accept the 
risk of fractures, risk of kidney damage, or drug failure in 
exchange for a treatment that slowed progression [24]. Each 

Fig. 3   Maximum acceptable risk for treatments slowing Duchenne 
progression (caregiver n = 77, patient n = 77)
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of the two studies demonstrating preference discordance 
were limited by a small sample of patients (n = 27 and n = 9, 
respectively), and conclusions as to preference discordance 
across groups may have been biased by the confounding of 
patient/caregiving status with patient age and health status.

Self-reported optimism was the only characteristic upon 
which caregiver and patient groups differed after adjusting 
for patient age. Previous research in Duchenne has suggested 
that therapeutic optimism may influence preferences and 
decision making regarding the use of experimental therapies, 
specifically by making individuals more likely to assume 
risks and uncertainty in exchange for the option to try new 
therapies [61, 62]. Although patients in the current study 
indicated that they were more optimistic than caregivers, 
preferences did not vary across the two groups. Further, 
caregivers and patients reported similar levels of burden as 
demonstrated through their being equally likely to endorse 
the DCE as easy to understand, easy to answer, relevant, and 
consistent with their preferences during debriefing.

Our application of matching methods to reduce bias and 
confounding is innovative in preference research. To date, 
few preference studies have used these methods, and general 
considerations for using matching techniques and sensitiv-
ity analysis in preference research have only recently begun 
to emerge [63–65]. The current analysis makes a methodo-
logical contribution to the preference measurement literature 
by demonstrating several approaches for using matching to 
explore differences across caregiver and patient groups that 
are not confounded by other experiential factors of the con-
dition. Even when restricting to this age-matched sample, 
the sample size still exceeded that required to identify sta-
tistical significance based on sample size calculations. Fur-
ther, differences in preferences were observed at much lower 
sample sizes than estimated by sample size calculations in 
the sensitivity analysis. This indicates that the absence of 
differences observed in the primary analysis was not the 
result of insufficient sample or statistical power. A natural 
next step for advancing matching approaches in preference 
studies is to match on multiple characteristics. Because of 
the large heterogeneity of patient characteristics in many rare 
diseases, matching upon more than one factor will require 
a much larger sample size than might be feasibly collected 
through traditional survey research, and instead may require 
the use of innovative prospective and registry-based studies.

Our sustained engagement activities that sought to pro-
mote equity across international partners is a strength of 
the study. Doing so ultimately ensured the relevance of the 
research topic and appropriateness of the study design to 
international members of the Duchenne community. Many 
of the traditional metrics of research success, such as a high 
response rate and a large sample size, are attributable to 
the preliminary focus our research team placed on estab-
lishing long-lasting, mutually beneficial partnerships with 

international Duchenne patient communities. The benefit of 
engaging international partners extends far beyond increas-
ing recruitment, and also informed the conceptualization, 
analysis, and dissemination of study findings. We included 
international stakeholders in the research development, pre-
tested the survey in many countries, conducted formal trans-
lation, and used adaptive approaches to recruit participants 
depending on the resources available to the international 
patient groups.

We focused on exploring differences among caregivers 
and patients given our practical interest in knowing whether 
caregivers are good decision-making agents on behalf of 
patients. It is possible that other demographic and clinical 
characteristics may also influence preferences. We conducted 
several post-hoc analyses to explore preferences across clini-
cal characteristics and found that preference models did not 
vary by history of fracture, history of kidney damage, or 
history of steroid use. While preferences did not vary across 
patients and caregivers for MAR of fractures, we did observe 
substantial preference heterogeneity for fractures within both 
caregiver and patient groups. We heard from country leaders 
that preferences for avoiding fractures may vary due to the 
differing impacts that a fracture may have on quality of life 
for patients at different disease stages. Finally, we would 
also naturally expect characteristics such as respondent age 
and sex to systematically vary across caregiver and patient 
groups, and it is possible that these characteristics influence 
underlying preferences.

Several features of the current study limit the scope of 
our conclusions. First, the study is not intended to inform 
individual-level clinical decision making. Although the 
choice tasks asked specifically about treatments for Duch-
enne, results presented here are subject to ecological bias 
if interpreted at the individual level. Second, the current 
study does not provide evidence regarding whether caregiv-
ers are good proxies for patients with Duchenne muscular 
dystrophy, but rather seeks to understand whether the two 
groups have similar preferences, independent of the other. 
Caregivers were asked to report on their own preferences, 
which were ultimately similar to those of patients. It also is 
unknown whether caregivers’ perception of patient prefer-
ences are the same as patients’ own preferences, that is, we 
do not know whether the results would be the same if car-
egivers had been asked to select the treatment options that 
they thought would be preferred by the patient. It is possible 
that caregivers’ preferences may not be independent of the 
preferences of the patient they care for, given that they do 
share some experiences with the condition.
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5 � Conclusions

Advances in treatment and supportive care have helped 
many patients with rare diseases with pediatric onset 
live into adulthood, raising important questions about 
the concordance of patient and caregiver preferences for 
treatments. This large international study conducted in 
partnership with the Duchenne muscular dystrophy com-
munity indicates that caregivers and patients have con-
cordant treatment preferences after adjusting for patient 
age, an important indicator of the disease experience for 
this degenerative condition. Both caregivers and patients 
were willing to accept risk in exchange for a treatment 
that would potentially slow the disease. The findings of 
this study provide insight into risk tolerance in Duchenne 
muscular dystrophy, which can be used to inform regula-
tory benefit-risk determinations, and inform conversations 
about treatment decision making with patients with Duch-
enne muscular dystrophy in clinical settings. Our study 
also presents a number of methodological advances in the 
comparison of subgroups, which can be applied to prefer-
ence studies comparing caregiver and patient preferences 
across other conditions.
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