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Parent clinical trial priorities for fragile X syndrome: a
best–worst scaling
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An expansion in the availability of clinical drug trials for genetic neurodevelopmental conditions is underway. Delineating patient
priorities is key to the success of drug development and clinical trial design. There is a lack of evidence about parent decision-
making in the context of clinical drug trials for genetic neurodevelopmental conditions. We assessed parents’ priorities when
making a decision whether to enroll their child with fragile X syndrome (FXS) in a clinical drug trial. An online survey included a
best–worst scaling method for parents to prioritize motivating and discouraging factors for child enrollment. Parents were recruited
through the National Fragile X Foundation and FRAXA. Sequential best–worst with conditional logit analysis was used to determine
how parents prioritize motivating and discouraging factors about trial enrollment decisions. Respondents (N= 354) were largely
biological mothers (83%) of an individual with FXS who ranged in age from under 5 to over 21 years. The highest motivating factor
was a trial to test a drug targeting the underlying FXS mechanism (coeff= 3.28, p < 0.001), followed by the potential of the drug to
help many people (coeff= 3.03, p < 0.001). Respondents rated requirement of blood draws (coeff=−3.09, p < 0.001), loss of access
to the drug post trial (coeff=−3.01, p < 0.001), and drug side effects (coeff=−2.96, p < 0.001) as most discouraging. The priorities
defined by parents can be incorporated into evidence-based trial design and execution to enhance the enrollment process.
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INTRODUCTION
Genomics has rapidly advanced understanding of the causes of
neurodevelopmental conditions [1]. Promising evidence has
emerged from studies of conditions with variants in a single gene
such as fragile X syndrome (FXS), informing generation of novel
pharmaceutical treatments. Such treatments target the underlying
mechanism of the condition, for global symptom reduction, as
opposed to current available treatments that target discrete
symptoms (e.g., attention, learning, communication) [1]. Transla-
tion of treatment advances into the clinic requires drug trials to
produce safety and efficacy data.
Little is known about patient and parent priorities in drug trials

for genetic neurodevelopmental conditions such as FXS. There is
evidence showing that less than one-third of parents rate
currently available treatments as very effective [2]. The FDA
endorses the advancement of patient-focused drug development
[3]. This can be achieved through engagement with members of
affected families to delineate their priorities for developing new
treatments.
Significant progress in drug development for genetic neurode-

velopmental conditions has occurred in FXS [4]. FXS is an X-linked
inherited condition caused by a CGG repeat expansion in the FMR1
gene [5]. It is the most common form of inherited intellectual
disability and over 50% of males and 20% of females with FXS
meet the diagnostic criteria for autism [6]. Other common

behavioral symptoms—seen most often in affected boys—include
anxiety, aggression, attention deficits, and hyperactivity [7].
There have been 56 clinical drug trials for FXS [8]. The most

commonly used outcome measure is the Aberrant Behavior
Checklist. Language and learning outcomes have been included in
a subset of studies as well [8]. There are 13 trials currently (or soon
to start) recruiting and more anticipated. As such, parents are
increasingly faced with complex trial enrollment decisions for their
affected children.
Parents and caregivers of individuals with FXS are primarily

responsible for decisions to enroll their child in a drug trial.
Little is known about how these decisions are made. Prior
research in parent decision-making for clinical trials has been
conducted in the context of life-threatening, progressive,
primarily physical conditions such as cancer [9, 10]. In the
context of pediatric cancers, informed consent can be difficult
to achieve as parents are often psychologically distressed, with
limited alternative treatment options [11]. Such dire circum-
stances have been shown to leave many parents with high
expectations for benefit from clinical trials and high tolerance
level for adverse outcomes [11, 12].
There is limited evidence about parent decision-making in

conditions that are not life-threatening or progressive such as FXS.
Parents who consider enrolling their child in FXS research are
likely managing symptoms with existing interventions [2, 13].
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Thus, decisions to enroll in a trial for FXS may be made over a
longer period of time as compared to trials in other disease
contexts where rapid decisions are often needed to circumvent
disease progression [14]. We sought to quantitatively determine
how parents prioritize motivating and discouraging factors when
making decisions to enroll a child with FXS into a clinical drug trial.
We further sought to determine whether parent priorities differed
based on clinical and demographic characteristics. Our evidence
can contribute parent priorities in the drug development process
and may be used to guide the design and execution of clinical
trials for FXS to enhance enrollment [15, 16].

RESULTS
In total, 475 parents accessed the link to the online questionnaire
and began responding. We had 354 parents who completed the
best–worst scaling task in its entirety. Parents were predominantly
white, biological mothers, and educated beyond high school
(Table 1). Most parents had only one child with FXS, though close
to 30% had two or more affected children, and answered the
best–worst scaling exercise in reference to their oldest affected
child. Just over a quarter (28%) indicated their child has been in a
clinical drug trial for FXS. Sixty-five percent indicated that their
child was taking medication to manage symptoms of FXS. Just
over half (57.9%) answered that a specialist cared for their child
with FXS.

Prioritization of motivating and discouraging factors for
clinical trial enrollment
Factor prioritization from the best–worst scaling is shown in Fig. 1.
Factors with a positive value were selected as best more often than
worst, and factors with a negative value were selected as worst
more often than best. The most motivating factor was that the drug
treats the underlying mechanism of FXS and addresses a wide
range of FXS symptoms (Fig. 1). Other highly motivating factors
were that the drug is likely to help many people with FXS, and that
the trial participant is likely to benefit from participating in the trial.
Three factors were rated as close to equally discouraging, including
the requirement for blood draws as part of the trial, having no
access to the study drug after the trial, and drug side effects—that
the drug causes nausea leading to reduced food intake.

Stratified prioritization
We examined whether rankings would differ based on a variety of
clinical and demographic characteristics (Table 2). There were no
differences in the most motivating factors based on child’s age,
gender, disease severity, number of children with FXS, or prior
clinical trial experiences.
There were differences in rankings of discouraging factors

based on clinical and demographic characteristics. The most
discouraging factor among parents whose child with FXS was
male was loss of access to the drug after the trial finished, whereas
the requirement for blood draws was most discouraging amongst
parents of affected females. The most discouraging factor for
parents of children who are mildly or severely affected was loss of
access to the study drug after the trial; however, the trial requiring
blood draws was the most discouraging for those with children
who are moderately affected. Drug side effects were the most
discouraging for those with previous trial experience, whereas the
most discouraging factor for those who had not previously
enrolled their child in a trial was the trial requiring travel and
overnight stays. Parents’ priorities of discouraging factors did not
differ based on their child’s age.

DISCUSSION
We found parents to be most motivated by a trial testing a drug
treating the underlying mechanism of FXS. The possibility of the

drug helping many with FXS was the second most motivating
factor. The requirement of blood draws, loss of access to the drug
after the trial, and side effects of the drug—causing nausea
leading to reduced food intake—were most often selected as
discouraging. These results align with the qualitative study from
which the motivating and discouraging factors arose [17]. Our
study extends this prior work, providing a quantitative assessment

Table 1. Respondent characteristics (N= 354).

Characteristic of child n %

Age of child

≤5 45 12.7

6–10 62 17.5

11–15 59 16.7

16–20 57 16.1

≥21 131 37.0

Child gender (male) 297 83.9

Severity of FXS

Mild 87 24.6

Moderate 212 59.9

Severe 55 15.5

Most difficult symptom

Intellectual 106 29.9

Behavioral 97 27.4

Speech and language 65 18.4

Socialization 71 20.1

Autistic behaviors 15 4.2

Child has been in a clinical drug trial for FXS 99 28.0

Child on regular medication for FXS 230 65.0

Specialista cares for child 205 57.9

Characteristic of respondent

Children with FXS

One 252 71.2

Two or more 102 28.8

Parent age

18–30 12 3.4

31–40 74 20.9

41–50 109 30.8

≥51 157 44.9

Parent race/ethnicity (could select more than one)

White 319 90.1

Hispanic or Latino 21 5.9

Asian 12 3.4

Black 8 2.3

Indigenous American or Alaska Native 1 0.3

Native Hawaiian or other Pacific Island 1 0.3

Education level achieved

High school or below 19 5.4

Some college or tech 88 24.9

Undergraduate 131 37.0

Postgraduate 116 33.8

Relationship to child

Biological mother 292 82.5

Biological father 42 11.9

Adoptive mother 14 4.0

Adoptive father 2 0.1

Other 1 0.3
aResponses coded as specialist include FXS specialist, neurologist, genetics
specialist, psychiatrist, and developmental pediatrician.
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of these factors, revealing both order and relative strength of
these priorities.
We note findings that may be specific to parents of children

with genetic neurodevelopmental conditions, distinct from prior
research in other contexts. For example, studies of children with
physical, life-limiting conditions often cite personal benefit for
their child as a principal motivating factor to enroll in a clinical
drug trial [11, 18]. Parents in our study prioritized the possibility of
a novel drug treatment targeting a range of symptoms, and the
drug helping many people as the principal motivating factors, and
more highly than individual benefit.
Parents’ motivations, of the possibility of a drug to treat the

underlying mechanism of FXS, align with recent progress in novel
drug treatments [4]. The progress in drug development is largely
due to the well-characterized genetic cause of FXS. Future studies
could compare motivating and discouraging factors for other
neurodevelopmental conditions such as idiopathic autism to
determine whether our findings are specific to neurodevelop-
mental conditions caused by a single gene or if they hold for other
neurodevelopmental conditions. Furthermore, parents in our
study reported to be motivated by altruistic factors (the drug
helping many people) which may be indicative of an active
advocacy community that generally supports research advances
[19]. This is particularly salient in the rare disease community,
where advocacy organizations representing affected individuals
and their families are often partners in the conduct of clinical
research [20].
While the most motivating factors did not change based on

specific characteristics of the child of the parent completing the
survey (i.e., gender, condition severity, and prior clinical trial
experience), we did note some differences in parents’ rankings of
discouraging factors. Of note, parents whose child had previously
enrolled in a trial reported to be more discouraged by the risk of
side effects compared to parents without prior trial experience.
This could suggest some level of naivety about the impact of side
effects for those participating in drug trials for the first time.
The variation in discouraging factors based on child gender and

condition severity that we report could mean that families have
unique needs and requirements to overcome different barriers
and participate in research, based on their individual circum-
stances. Those designing and approving clinical trial research

should be knowledgeable about such individual variations and
may consider drawing on a person-orientated research ethics
framework, which has recently been suggested to address the
needs of participants with autism [21].
Our findings can contribute priorities defined by parents in the

drug development process. Specifically, our data provide evidence
that parents support development of treatments that target the
underlying mechanism. This finding aligns with recent advances in
the field in developing treatments for FXS, which are leading the
way for dug development in genetic neurodevelopmental
conditions. Given that one of most discouraging factors for
parents in our sample was loss of drug access post trial, those
designing trials may consider how access could be maintained
after the trial where that may be appropriate. Alternatively, if
access cannot be maintained, it is important to ensure this
information is clearly communicated to families considering trial
enrollment, to avoid disappointment at the close of the trial.
Parents in our study were discouraged by blood draw require-
ments. Strategies that offer an alternative for collecting biological
samples such as collection of saliva or buccal cells could overcome
the barrier of blood draw requirements. Novel distraction methods
such as virtual reality may be effective at reducing pain scores,
fear, and anxiety in children undergoing blood draws [22]. Future
research could investigate the suitability of such methods for
children with neurodevelopmental conditions including FXS.
Further, the evidence may be used to inform conversations

between parents of eligible children and investigators or clinicians
recruiting families to these drug trials, enhancing informed choice
and the enrollment process. For example, knowledge that many
families will be motivated to enroll in a trial testing a drug treating
the underlying mechanism of FXS suggests that enrollment
discussions about clinical drug trials should explicitly include
whether the drug targets the effects of the FMR1 expansion (i.e.,
the specific gene variation).
Parents of children with neurodevelopmental conditions face

many difficult decisions throughout the child’s life, including
decisions about treatment and clinical trial enrollment. Parents
may find the decision-making process challenging and isolating,
warranting further support for these families [17, 23]. Such support
could consist of decision tools and interventions which con-
textualize parents’ situations and allow parents to consider
whether a trial aligns with their values and priorities [24]. Support
interventions can improve decision quality which has wide
reaching implications including improved psychological outcomes
for parents. While decision interventions such as these exist to
facilitate decision-making in the adult clinical trial context,
interventions for surrogate decision makers such as parents are
less commonly available [25].

Limitations
The recruitment strategy through advocacy groups was efficient
and successful, leading to a large sample size for a rare disease
population. However, the strategy may have introduced selection
bias. Parents who are more inclined to participate in research may
be overrepresented in our sample. These parents may also have
more positive attitudes toward clinical drug trials. We lack
information about nonresponders to test this hypothesis. Future
research should investigate how to capture the views of parents
who are not engaged in the research enterprise. The sample lacked
diversity (e.g., most respondents were white, female, and educated
beyond high school) and study materials were only available in
English which limits the generalizability of findings to the
population. Of a total of 475 individuals who accessed the survey
link, 121 did not complete the best–worst scaling task. These
individuals’ responses could not be included in our analysis.
Parents with more than one child with FXS provided responses
based on their oldest child. Responses may have differed if parents
were instructed to consider their child closest in age to the child in

Fig. 1 Best-worst scaling estimates and factor prioritization.
Positive value factors selected as best more often than worst.
Negative value factors selected as worst more often than best. Error
bars are 95%CI.
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the fixed vignette. Further, it is possible that parents were unable
to completely discount prior experiences when responding to
the fixed vignette. Despite these limitations, our study provides
nuanced data on both motivating and discouraging factors in one
decision-making scenario, and the fixed vignette minimizes
response variation due to personal circumstances.
We intentionally chose to use best–worst scaling case 1 due to

the cognitive ease for respondents, and the ability to generate
robust and reliable data. Alternative stated-preference techniques
such as discrete-choice experiments could have been used to
identify trade-offs between motivating and discouraging factors.
Lastly, while the focus on FXS may produce data that are less
generalizable, this context was selected due to the advanced
stage of drug development compared to other neurodevelop-
mental conditions. In fact, close to one-third of our sample had a
child who had been in an FXS drug trial. Further research should
test whether these findings are comparable among other
neurodevelopmental condition clinical drug trial contexts.

METHODS
Best–worst scaling
Object-case best–worst scaling is a quantitative stated-preferences
method [26]. We used best–worst scaling to determine how parents
prioritize motivating and discouraging factors for child enrollment in an
FXS drug trial. We selected best–worst scaling case 1 over other stated-
preference methods as this method is more understandable to the general
population and aligned with our research objective to quantify parents’
priorities, rather than identify potential trade-offs. The application of
best–worst scaling to healthcare research is relatively new, though
increasingly being used and validated in a variety of contexts, in particular
to study patient priorities in healthcare [27]. We used best–worst scaling
case 1, also known as the object case. This best–worst scaling task presents
respondents with a range of different combinations (sets) of related items
(referred to as factors hereafter) and requires a forced choice response.
When responding to the best–worst scaling task, factors are presented in a
variety of sets and respondents are asked to select the most and least
preferred (often described as the “best” and the “worst”) factor among
each set. An example set is shown in Fig. 2. The best–worst scaling
technique overcomes measurement problems that arise with standard
rating scales such as poor discriminative ability and data skewing [28].

Instrument development
We used a previously described process to develop and refine the list of
motivating and discouraging factors for the best–worst scaling task [29].
These factors included a range of trial and drug related benefits, risks, side
effects, and burdens (Table 3). The first step involved identifying general
concepts to be later refined as factors. Concepts had been previously
explored with 34 parents of children with FXS in qualitative interviews
(undertaken by author CD) [17]. Inductive content analysis was used with a
specific intent to elucidate motivating and discouraging concepts. For this
experiment, these concepts were then compared with those in the
published literature, in particular, see Tromp et al. [30]. Studies from Tromp
et al.’s review are primarily in the context of oncology, diabetes, and
respiratory disease, with only two in psychopharmacology (one in ADHD
and one in depression and anxiety). We found seven concepts common to
both the qualitative findings and the systematic literature review. The
interview data identified four additional concepts (Table 3).
The next stage in developing the experiment involved progression from

general concepts to defined factors to prepare a mock best–worst scaling
task. ET drafted statements to describe the general concepts and feedback
was sought from the research team. Incorporation of the feedback
generated 14 defined factors. Ten clinical or research graduate-level
trainees at the National Human Genome Research Institute provided
feedback about the face validity of 14 factors, focusing on potential
misunderstanding, overlapping, or confusing concepts and literacy level,
for example, provision of additional information about the frequency of
blood draws and severity of nausea as a side effect.
Following elimination of redundant or overlapping factors the research

team agreed on, the factors were reduced to a final 11 factors. Three
eliminated factors were determined too complex and multidimensional to
include in the best–worst scaling task and were included elsewhere in the

questionnaire. These three factors related to trust in trial personnel or
child’s doctor, attitudes about children in research, and attitudes about
using medication for FXS.
A best–worst scaling task was generated based on the 11 selected

factors and tested through in-depth “think aloud” exercises with five
parents of children with FXS whereby the factors and overall task were
tested for comprehension, terminology, and cognitive ease [31]. Minor
edits were made based on parents’ feedback to finalize the survey. For
example, reference to the factors was changed from “motivating and
discouraging factors” to “best and worst thing” in the final task.
A fixed vignette contextualized the best–worst scaling task (Fig. 2). The

use of a fixed vignette enabled respondent engagement to understand
how we can improve trial experiences for families in the future. It also
allowed responses to be drawn from a wider pool of participants as certain
factors may not be relevant to all families’ actual experiences. For example,
it was necessary for the factor “the trial allows children to stay on their
regular medicines” to be evaluated in the context of a child who takes
regular medicines. As not all children take regular medication for FXS, a
fixed vignette was required. Respondents were asked to indicate the “best
thing” and the “worst thing” within a list of motivating and discouraging
factors. Development of the scenario and specific details about the factors
was based on a content analysis of information about past and current
clinical drug trials for FXS available through clinicaltrials.gov. For example,
nausea is the most common side effect for drugs currently tested in FXS
clinical trials. Travel to the study site and blood draw frequency were also
based on protocols for past and current FXS trials. A balanced incomplete
block design was used to develop the sets to ensure that each item was
displayed an equal number of times [32]. Set order was randomized
independently for each participant.
The questionnaire also included items assessing demographic character-

istics (parent and patient) (see Table 1), disease severity, past clinical trial
experiences—“has your child ever been in a clinical drug trial for FXS”?—and
medication use—“does your child take medication for FXS symptoms”?

Data collection
Respondents were aged 18 years or older, parents (or primary caregiver) of
one or more person(s) with FXS, and who understood English. Recruitment
was targeted at parents living in the USA. The questionnaire was

Fig. 2 Example best–worst scaling choice set. Respondents were
provided with the fixed vingette contained in the box and then a
series of choice sets such as the example shown here.
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administered online using SurveyMonkey and was made available to
collect responses from June 1 to September 20, 2018. A study advertising
campaign included in-person recruitment at the National Fragile X
Syndrome meeting (July 11–15), emails sent to members of the NFXF
membership and FRAXA research foundation membership, and listings on
the NFXF and FRAXA website and social media (Twitter and Facebook).
These recruitment avenues were selected as they have previously been
shown to be most effective for rare disease groups and are commonly
used to advertise clinical drug trials to families. Responses were
anonymous. Parents were asked to consider their oldest child with FXS
when responding to questions about their child. The study was
determined exempt by the Office of Human Subjects Research Protections,
National Institutes of Health (#17-NHGRI-00124-1).

Data analysis
Our analysis plan tested: (1) overall prioritization of motivating and
discouraging factors and (2) whether priorities would differ among parents
based on clinical or demographic variables (child’s age and gender,
number of children with FXS in family, severity of child’s FXS, and whether
or not their own child has previously participated in a drug trial for FXS).
Data were analyzed descriptively whereby averages (means) and
frequencies of items were calculated. We used a sequential best–worst
process to analyze the best–worst scaling data [33, 34]. This method
assumes respondents chose a factor they determined as best from the list
presented to them, followed by a selection of the worst factor. Factors
selected as best were coded as one, those selected as worst coded as
negative one and those not chosen were coded as zero. A single
dichotomous dependent variable described the choice of best and worst
for each set.
Conditional logit analysis was then used to model this choice set against

other factors [35]. This analysis generates coefficients for each of the 11
factors which can be interpreted as priority scores. These priority scores
can be ordered to produce a ranked list of the 11 barriers and facilitators.
Finally, we explored differences in ranking based on demographic and
clinical characteristics that have been empirically associated with clinical
trial decisions [9–11, 36, 37]. This included child’s age and gender, severity

of child’s FXS, and whether or not their own child has previously
participated in a drug trial for FXS.

CONCLUSION
We report a prioritized list of motivating and discouraging factors
for parents considering enrolling their child with FXS into a clinical
drug trial. Patient engagement has been recognized by the FDA as
essential in determining treatment developments and clinical trial
priorities [3], and our data add to such efforts. Our findings further
contribute to guiding discussions with families about clinical trial
enrollment and development of decisional support tools.
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