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Abstract

Background

Informed consent requires that individuals understand the nature of the study, risks and ben-

efits of participation. Individuals with intellectual disabilities (ID) have cognitive and adaptive

impairments that may affect their ability to provide informed consent. New treatments and

clinical trials for fragile X syndrome, the most commonly known inherited cause of ID, neces-

sitate the development of methods to improve the informed consent process. The goal of

this study was to compare the efficacy of a digital decision support tool with that of standard

practice for informed consent and to examine whether the tool can improve decisional

capacity for higher functioning individuals.

Methods

Participants (N = 89; mean age = 21.2 years) were allocated to the experimental group (con-

senting information provided via the digital decision support tool), or the comparison group

(information provided via standard practice). Participants were assessed on four aspects of

decisional capacity (Understanding, Appreciating, Reasoning, and Expressing a choice).

We used regression analyses to test the impact of the tool on each outcome, repeating the

analyses on the higher functioning subsample.

Results

No differences existed in any domain of decisional capacity for the sample in full. However,

participants in the higher IQ subsample who used the tool scored better on Understanding
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after adjustment (β = 0.25, p = 0.04), but not on Appreciating or Reasoning. No differences

by experimental group existed in the decision to join the hypothetical trial for the full sample

or higher functioning subsample.

Conclusions

A decision support tool shows promise for individuals with fragile X syndrome with higher

cognitive abilities. Future studies should examine the level of cognitive ability needed for suf-

ficient understanding, whether these findings can be translated to other clinical populations,

and the impact of the tool in larger trials and on trial retention.

Introduction

Clinical studies with human subjects must follow ethical and legal standards to protect the

rights of research participants [1]. Study investigators must provide clear, concise information

about the study to potential participants and determine whether an individual is able to make

an informed decision. For investigators who study individuals with intellectual disability (ID),

the informed consent process may require special modifications or supports to maximize par-

ticipation in decision making. Fulfilling this obligation in a responsible way requires an under-

standing of the necessary components of consent, knowledge of individual’s ID, and use of

evidence-based adaptations. Although research on recommended informed consent practices

is growing, limited data exists about what types of supports are effective for individuals with

ID. This study expands the knowledge base through an assessment of an informed consent

decision aid used with adolescents and adults with fragile X syndrome (FXS), the most com-

mon inherited form of ID. FXS is an excellent prototype because of the wide range of cognitive

abilities in affected individuals and the recent increase in clinical trials for new medications

targeted at the core biology of FXS.

Informed consent

In the United States, researchers follow the “Common Rule,” the federal policy that outlines

the importance of informed consent. The policy requires researchers to “(1) Disclose informa-

tion to potential research subjects needed to make an informed decision; (2) Facilitate the

understanding of what has been disclosed, and (3) Promote the voluntariness of the decision

about whether to participate in the research” [2, 3].

Despite federal requirements about informed consent, variability remains in the ways

informed consent is conceptualized and operationalized [4–6], leading to significant confusion

and poor implementation. Informed consent should be an active process of exchanging infor-

mation with appropriate supports, enabling a person to decide whether the benefits outweigh

the risks for them as an individual [2, 7]. However, traditional informed consent often falls

short of best practices in several areas. The communication process is often not bidirectional

or tailored to an individual’s needs. Participants can feel overwhelmed with the volume and

complexity of information in consent forms, and many report feeling pressured to sign forms

before fully reading them [8]. They also frequently misunderstand key components of the

study, which can result in consent that is not truly informed [9] and can lead to lower study

retention rates [10].

Digital decision support tools and clinical trials

PLOS ONE | https://doi.org/10.1371/journal.pone.0223801 October 23, 2019 2 / 21

Liaison by writing to OSR-CL@unc.edu and the

lead author at Lmac@rti.org.

Funding: This work was supported by

R01HD071987-01A1 (PI: Donald B. Bailey, Jr.)

Eunice Kennedy Shriver National Institute for Child

Health and Human Development (https://www.

nichd.nih.gov/). The funders had no role in study

design, data collection and analysis, decision to

publish, or preparation of the manuscript.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0223801
mailto:OSR-CL@unc.edu
mailto:Lmac@rti.org
https://www.nichd.nih.gov/
https://www.nichd.nih.gov/


In addition to the process of obtaining informed consent, there is a need to document how

engaged a participant is in the process and whether he/she has the ability to make informed

decisions about participation. The concept of “decisional capacity” has been proposed as a

measure of participant’s decision making abilities and includes four elements: (1) Understand-

ing—perceiving and retaining information; (2) Appreciation—linking the decision to one’s

own situation; (3) Reasoning—considering all the information and weighing the conse-

quences, and (4) Making and communicating a choice—reaching and communicating a deci-

sion [11].

Informed consent decision aids

A 2014 systematic review of the literature examining the adequacy of patient-reported mea-

sures of informed consent identified a narrow focus on understanding [5]. Consequently,

efforts to date to improve the consent process have focused on improving understanding, pri-

marily via changes to the consent forms or use of multimedia interventions. An earlier system-

atic review [12] found that these approaches had limited success in terms of improving

understanding and concluded that a human educator may be most effective. However, the

authors noted that the potential of multimedia interventions has not likely been realized [12].

In more recent studies, Beskow [13] and Grady [14] found that comprehension was not infe-

rior among individuals who received a simplified consent form compared with a traditional

informed consent group. Kim & Kim [15] found that a simplified consent form that contained

plain language, short sentences, diagrams, pictures, and bullet points was associated with

higher levels of understanding regardless of health literacy level. A randomized controlled trial

comparing a digital consent that combined a video, standard consent language and an interac-

tive quiz to paper consent found that interactive consent improved understanding of study

procedures and the risks of a chemotherapy trial [16]. Another randomized control study

assessed three multimedia e-educational aids compared to standard text aids to understand

medical practice research [17]. Dual-channel approaches, such as animated videos and slide-

shows with voiceover, were significantly more effective than single-channel techniques in

achieving participant understanding of the research.

A sizable body of literature indicates that those who use decision aids when facing a range

of treatment or screening decisions feel more knowledgeable, better informed, and clearer

about their values [18]. Patients also have more accurate risk perceptions when decision aids

are used, either within or in preparation for the clinical consultation [18]. Digital decision sup-

port tools have been identified as a strategy to potentially improve the clinical trial consent

process through enhanced patient engagement and interactivity [19, 20]. However, according

to a 2014 systematic review, it is unclear whether audio-visual interventions can enhance the

informed consent process for people considering participating in clinical trials, although

trends are emerging with regard to improvements in knowledge and satisfaction [20]. The

review demonstrated that considerable heterogeneity exists in terms of the types of audio-

visual presentations that have been developed and tested, ranging from “simple audio-visual

interventions, such as non-interactive videos, viewed independently, to computer programs

with quizzes and hyperlinks, viewed under supervision” ([20], p. 36).

Informed consent for individuals with intellectual disability

Individuals with ID have cognitive and adaptive impairments that may affect their ability to

make informed choices about both routine and significant decisions, such as informed con-

sent. Historical assumptions about impaired decisional capacity often meant that individuals

with ID played a minimal role in life decisions [21]. Throughout the last half of the 20th
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century, the prevailing views have changed as people with ID, disability rights advocates,

parents, and ethicists began calling for respect of autonomy and empowerment of individuals

with ID, invoking principles like self-advocacy, self-determination, normalization, and oppor-

tunity [22].

Clinicians and researchers who study individuals with ID must determine whether a poten-

tial study participant is able to make an informed decision and what supports are needed to

maximize participation [23]. Studies assessing the capacity to give informed consent of adults

with ID have shown promise; one study found that most adults with ID were able to describe

the study purpose, their role in the study, voluntary participation, confidentiality of data, and

study withdrawal [24]. Another study found that individuals with mild ID have less difficulty

understanding, appreciating (i.e., recognizing the impact of research participation on their

own care), and reasoning about a hypothetical trial than those with moderate ID [25]. The

authors found that an individual’s degree of cognitive disability predicted their total under-

standing and appreciation and concluded that consent assessment should be individualized

for adults with ID for randomized controlled trials (RCTs), even when capacity to give fully

informed consent is questionable. Yet another study found that all individuals with ID were

able to express a choice about participation, but only 6% were able to meet all requirements of

providing informed consent that were put forth by the investigators; these requirements

included indicating their choice, understanding the impact, options, risks and benefits, proce-

dures of the study, and nature of the project [26].

In this study, we focus on individuals with the most commonly known inherited cause of

ID, fragile X syndrome (FXS). Males with FXS typically have moderate ID, although

impairment can range from mild to severe; females typically have mild ID, ranging from nor-

mal cognition to moderate impairment [27–29]. Studies have shown cognitive deficits in such

areas as sustained attention, response inhibition, working memory, and other executive func-

tions, which are likely to be associated with decisional capacity [30–35]. Individuals with FXS

often have a range of co-occurring conditions, the most common of which are attention prob-

lems, anxiety, and autism [27, 36].

Advances in understanding the molecular basis of FXS have led to a new generation of treat-

ments and subsequent clinical trials [37]. Although some individuals with FXS likely have a legal

guardian who provides consent to treatment on their behalf, many others do not. Regardless of

legal guardianship status, all individuals who are asked to take part in clinical research studies

should be part of the decision-making process. However, little is known about the extent to

which individuals with FXS are involved in decision making about participating in clinical trials.

In a study of parents’ perceptions of their adult children’s ability to provide informed consent to

participate in FXS clinical trials, only 29% and 7% of parents of male and female children,

respectively, rated their adult child as “not at all capable,” with the remaining parents reporting

that their adult children could participate in at least some aspects of decision making [34].

Research objectives

This study had two aims. In the first aim, we examined the extent to which participants with

FXS display decisional capacity for informed consent and identified factors associated with

decisional capacity. This work was done using paper-based consent materials with the written

text read aloud by a research assistant. In analyses reported elsewhere, we found that working

memory, verbal memory, and oral presentation of information were significant predictors of

understanding scores and that study participants were more likely to understand concrete ele-

ments of the trial, such as what they would need to do, but still struggled with abstract concepts

such as randomization [38]. In the second aim, we examined the impact of a multimedia
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decision support tool for individuals with FXS who were deciding whether to participate in a

hypothetical clinical trial. We hypothesized that individuals with higher cognitive functioning

would have the decisional capacity to make their own decision about participation in clinical

trials if they have the appropriate supports. In this paper, we report on findings associated with

the second aim addressing three research questions:

1. Compared to standard practice, does the decision support tool improve the decisional

capacity of individuals with FXS to make an informed decision about participating in a clin-

ical trial?

2. Do individuals with higher levels of cognitive functioning who are exposed to the decision

support tool have greater decisional capacity compared to those receiving standard practice,

and if so, in what specific areas?

3. Do higher levels of understanding affect other elements of decisional capacity, namely

appreciation, reasoning and the ability to express a choice among individuals with higher

levels of cognitive functioning?

Materials and methods

Trial design

We used a two-arm RCT design with a 1:1 allocation ratio to examine the efficacy of the deci-

sion support tool. We randomized study participants into two conditions: (1) Experimental—

exposure to the informed consent information using the decision support tool, and (2) Com-

parison—standard practice for obtaining informed consent using paper and pencil. No

changes were made to the design after the trial commenced.

Intervention

The content of the standard paper consent form and the decision support tool was based on a

protocol for an actual FXS trial even though the trial in the current study was hypothetical.

Both the paper form and the digital tool comprise six modules, each including content

required for informed consent: the purpose of the trial, components of the trial, how the trial

works, benefits of participation, risks of participation, and ability to withdraw. We developed

the decision support tool using interactive multimedia—audio, video, and narration—which

are delivered on a tablet. A human-like avatar walks the potential participant through the con-

sent process (Fig 1), then the potential participant engages in a sorting exercise with motion

graphics (Fig 2) and a knowledge assessment. The sorting activity allows the potential partici-

pant to select individual reasons to be or not be in the trial, thereby clarifying an individual’s

preferences and values.

The multiple-choice questions in the knowledge assessment each have only one correct

answer and three incorrect responses. The tool employs a patient-centered approach rooted in

self-determination theory [39] and applies best practices in health literacy and communication

science including the use of plain language, digital animations, and effective risk communica-

tion strategies to explain complicated aspects of the trial (see Furberg et al. [40] for a detailed

description of the design and development process).

Data collection procedures

As noted earlier, participants were part of a larger study (N = 152) to assess the decisional

capacity of individuals with FXS. We collected data during two visits to each participant’s
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home. During the first visit, we conducted cognitive assessments to use as independent mea-

sures in the analyses. We excluded people from the second visit if they would be unable to

actively participate because of very low cognitive functioning or other behavioral challenges.

Specifically, participants were ineligible if they had an IQ of 30 or less on the Stanford-Binet

Intelligence Scales- Fifth Edition (SB-5) using the z-score transformation [41], had an IQ score

of 31 to 40 and a diagnosis of autism, or were unwilling to cooperate because of behavioral

challenges (e.g., severe aggression, significant attention deficits). These cognitive deficits or

behavioral challenges were considered too restrictive for active participation in the hypotheti-

cal trial.

Before the second study visit, we mailed all participants a paper consent form describing

the hypothetical trial. During the second study visit, for participants in the comparison condi-

tion, a research team member used a standardized script to verbally review key areas of the

paper consent form. In the experimental condition, participants used the digital decision sup-

port tool but also had exposure to the paper consent form. All participants then answered a

series of multiple-choice questions (on paper for the comparison group and programmed into

the tool for the experimental group) to assess decisional capacity using the measures described

in the next section. The study visits took approximately 60–90 minutes each.

Fig 1. A human-like avatar walks the potential participant through the consent process.

https://doi.org/10.1371/journal.pone.0223801.g001
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We collected the data in 2016 and 2017 after obtaining institutional review board approval

from the University of North Carolina at Chapel Hill which served as the IRB of record.

Parents of adolescents under the age of 18 provided written permission for their son or daugh-

ter to take part in the study. Adolescent participants provided written assent. A similar proce-

dure was followed for adult males participants given that the IRB considered them to be

decisionally impaired; parents provided written consent and adult males gave written assent.

Adult females who did not have a legal guardian provided their own consent. Otherwise, adult

females provided written assent and their parent provided written consent. Consent and assent

forms were mailed in advance of the first study visit and reviewed with all participants and

parents, as applicable.

Outcome measures

We adapted the MacArthur Competence Assessment Tool for Clinical Research, a structured

interview to assess four aspects of decisional capacity: Understanding, Appreciation, Reason-

ing, and Making and Communicating a Choice [42].

Fig 2. Potential participants engage in a sorting exercise to help articulate their values and preferences.

https://doi.org/10.1371/journal.pone.0223801.g002
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Understanding. Thirteen multiple-choice items measured participants’ level of under-

standing about the clinical trial, such as what will happen when the participant sees the doctor

(Cronbach’s alpha = 0.89). Participants were given two attempts to answer each question cor-

rectly; if a question was answered incorrectly, they were redirected to the information before

answering the question again. Participants scored a 2 if they answered correctly on the first

attempt, a 1 if they answered correctly on the second attempt, and 0 if they answered the ques-

tion incorrectly on both attempts. We calculated a summary score, ranging from zero to 26,

and translated scores into a percentile based on the number of questions answered. A score of

100% indicates that the participant answered each Understanding question correctly on the

first attempt.

Appreciation. Three multiple-choice questions measured participants’ appreciation of

how the clinical trial applies to them, such as why their doctor would tell them about the study

(Cronbach’s alpha = 0.63). The same method of scoring was used for the Appreciation score as

for the Understanding score.

Reasoning. For this component, participants were asked to provide two consequences for

being in the study. The examiner assigned a Consequential Reasoning score of 0, 1, or 2 based

on the number of logical consequences provided.

Expressing a choice. At the conclusion of the informed consent process, participants

were asked whether they wanted to be in the study. Participants selected from “Yes,” “No,” or

“I don’t know.”

Independent measures

Other variables included as covariates were cognitive functioning, oral comprehension, verbal

memory, and working memory. For these measures, higher scores indicate higher function-

ing/ability. Total general anxiety was also examined as a covariate, with higher scores indicat-

ing greater anxiety. Autism status was examined as an independent variable in simple

comparisons.

Cognitive functioning. The Stanford-Binet Intelligence Scales, 5th edition, was used

to measure cognitive functioning (IQ) [43]. The SB5 provides scores for verbal and nonver-

bal ability across five domains: Fluid Reasoning, Knowledge, Quantitative Reasoning,

Visual-Spatial Reasoning, and Working Memory. Because standardized IQ tests have lim-

ited range and precision for those with ID, including people with FXS, we used a previously

established method [41] of z-score transformation based on the norm sample from the SB5

to correct for floor effects. A score of 100 reflects the average score in a normative sample.

An IQ score above 70 indicates no ID, 55–70 indicates mild ID, and 35–54 indicates moder-

ate ID.

Oral comprehension. Oral comprehension refers to a participant’s ability to process and

understand information delivered orally. One subtest (Test 3) from theWoodcock-Johnson
Tests of Achievement, 3rd edition, was used to assess oral comprehension; a standardized score

was used [44].

Verbal memory. Verbal memory refers to a participant’s ability to remember information

delivered orally. A verbal memory index score was derived from the Story Memory and Verbal

Learning subtests of theWide Range Assessment of Memory and Learning, 2nd edition [45].

Working memory. Working memory is a core domain of executive functioning and

refers to a participant’s ability to retain new information and make it available for processing.

The sum of scaled scores for the Working Memory subtest of the Stanford-Binet was used to

assess working memory [43].

Digital decision support tools and clinical trials
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Co-occurring autism. The Social Communication Questionnaire Lifetime Form, tradi-

tionally a screening measure, was used as a measure of developmental history of autism spec-

trum disorder (ASD) based on caregiver report [46]. Additionally, the Autism Diagnostic
Observation Schedule, 2nd edition [47] (ADOS-2), which was administered by reliable asses-

sors, was used as a direct assessment of ASD symptoms. After discussion among the clinical

assessment team, participants who met criteria for ASD on both the SCQ and the ADOS-2

were considered to meet criteria for ASD for this study.

Anxiety. The Anxiety,Depression, and Mood Scale [48] is a parent-report questionnaire

consisting of 28 items that serves as a screen for psychiatric disorders in individuals with ID.

The scale’s psychometric properties were evaluated and normed with 265 individuals with ID

and validated with a total of 129 psychiatric patients with ID [48]. One subscale was used as a

measure of General Anxiety (seven items).

Sample size

We conducted a power analysis using a between-subjects design (i.e., participants randomized

to experimental or comparison group). With a sample size of 70 (35 participants per group),

we had 90% power to detect an effect size of 0.75.

Randomization

We used block randomization to assign participants to the experimental or comparison condi-

tion. Two stratification variables were used: Verbal IQ score (three levels) and age (two levels).

Age was selected as a randomizing variable, because children and adolescents under 18 were

not able to provide informed consent, only assent, as their parents are their legal guardians.

Verbal IQ was selected as a second variable given the range of scores in the sample. Because

enrollment for the RCT was done on a rolling basis, a 10-block, two-group design was used.

We randomized 10 participants at a time using a random number generator (www.

randomizer.com) to make the assignments.

Blinding

Because of the nature of the study, participants and data collectors were not blinded to group

assignment.

Analyses

We conducted descriptive analyses to profile our sample and detect significant differences

between the experimental and comparison participants. T-tests were used to examine

differences in continuous variables. Chi-square tests were used to compare categorical vari-

ables; cells with small samples were collapsed (e.g., non-Hispanic White compared with all

other races/ethnicities). We conducted all data analyses using SAS Enterprise Guide 7.1

software.

To answer research question 1, we examined the effect of the decision tool on Understand-

ing, Appreciating, Reasoning, and Expressing a choice in unadjusted analyses and after con-

trolling for sex, cognitive functioning (IQ), oral comprehension, verbal memory, working

memory, and anxiety. Autism status was not included in the analysis due to risk for multicolli-

nearity. For the continuous Understanding and Appreciation scores, we used t-tests to exam-

ine simple differences by experimental condition and linear regression in multivariate

Digital decision support tools and clinical trials
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analyses. Because the Consequential Reasoning item is a three-level ordinal outcome, a

Cochran Armitage trend test was used to examine for a simple differences by experimental

condition, and ordinal logistic regression was used for multivariate analysis. The few partici-

pants who selected “Don’t know” for the Expressing a Choice item (n = 4) were removed from

the analysis, making this a dichotomous item. Thus, chi-square tests were used in unadjusted

analyses, whereas logistic regression was used in adjusted analysis. To ease interpretability, we

standardized the covariates and the continuous outcome measures of Understanding and

Appreciating for multivariate regressions.

For research question 2, we explored the impact of the decision support tool on individuals

with higher levels of cognitive functioning (IQ). Participants who scored at or above the 25th

percentile for IQ (score of = 52) were in the “higher IQ” group (N = 66). We conducted several

descriptive analyses to provide background information on our study population. First, we

assessed if differences existed between those who were included in the higher IQ sample and

those who were not. Next, within the higher IQ sample, we examined whether there were dif-

ferences between the experimental and comparison groups \. Additionally, we used Cochran

Armitage trend tests to test for item-level differences by experimental group for the Under-

standing domain among the higher IQ group. We reference the one-tailed test, because we

tested whether the experimental condition would be related to significantly higher scores at

the item level.

For research question 3, we used linear regressions to examine the effects of the experimen-

tal condition on decisional capacity measures with the Mac-CAT Understanding score as a

predictor variable. This analysis was carried out in both the total sample and the higher IQ

sample.

Results

All participants from the larger study (N = 152) were assessed for eligibility. Forty-one

participants were excluded: 39 did not meet the inclusion criteria, and 2 declined to partici-

pate in the follow-up study. Thus, 111 participants were randomized: 56 in the comparison

group and 55 in the experimental group. One participant in the experimental group was

scheduled but later declined. Twenty participants (11 in comparison group and 9 in experi-

mental group) were lost to follow-up because of scheduling conflicts. One participant was

given the intervention; however, due to technical difficulties with the tablet, these data were

excluded. In total, there were 89 participants (44 experimental, 45 comparison) in the final

analyses.

Demographics of study participants

Participants were on average 21.2 years old (SD = 7.3; Range = 12.0–40.0 years); females in the

full sample were between 12 and 39 years old (mean = 20.8); males were between the ages of 12

and 40 years old (mean = 21.9). Participants were mostly White (87.6%), female (58.4%), and

without autism (80.9%; Table 1). Participants scored an average of 65.6 on the IQ measure

(SD = 16.8); 38.2% had no ID, 29.2% had mild ID, and 32.6% had moderate ID. Most parents

or caregivers were married (77.5%) and had at least a 4-year college degree (60.7%). Reported

family incomes were relatively high. No significant differences existed between experimental

and comparison groups for demographic or cognitive variables in the full sample (not shown).

Within the experimental condition for the full sample, 62% of participants were female, com-

pared to 46% of participants in the comparison group; this was a not statistically significant

difference (p = 0.58).
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Participants in the high IQ group were on average 20.3 years old (SD = 6.9; Range = 12.0–

39.0 years), mostly female (72.7%), and without autism (90.9%; Table 1). Females in the high

IQ group were between 12 and 39 years old (mean = 20.4); males were between the ages of 12

and 36 (mean = 19.8; S1 Table). In the subgroup analyses for research question 2, as expected,

participants who were in the higher IQ group scored higher on measures of oral comprehen-

sion, working memory, and verbal memory (p’s < 0.01) and were less likely to have a co-diag-

nosis of autism (p< 0.001) than participants that were not included in additional analyses.

Table 1. Characteristics of those in the full sample and higher IQ sample.

Full Sample

N = 89

Higher IQ Sample

N = 66

N Mean (SD) N Mean (SD)

Child’s age 89 21.2 (7.3) 66 20.3 (6.9)

Child’s IQ 88 65.6 (16.8) 66 72.1 (14.6)

Oral comprehension 89 83.3 (15.3) 66 86.1 (14.9)

Working memory 88 7.3 (6.1) 66 8.9 (6.2)

Verbal memory index 89 77.3 (15.2) 66 81.2 (14.5)

Total general anxiety 87 5.6 (3.9) 64 5.5 (3.8)

N % n %

Child’s sex

Male 37 41.6 18 27.3

Female 52 58.4 48 72.7

Child’s race/ethnicity

Non-Hispanic Black 3 3.4 2 3.0

Non-Hispanic White 78 87.6 60 90.9

Hawaiian/Pacific Islander 1 1.1 1 1.5

Hispanic/Latino 2 2.3 1 1.5

Multiple 1 1.1 1 1.5

Missing 4 4.5 1 1.5

Child’s autism status

No 72 80.9 60 90.9

Yes 14 15.7 5 7.6

Missing 3 3.4 1 1.5

Family income category

<$50,000 3 3.4 2 3.0

$50,001–$75,000 7 7.9 6 9.0

$75,001– $100,000 14 15.7 10 15.2

>$100,000 22 24.7 15 22.7

Missing 43 48.3 33 50.0

Maternal education

High school or less 4 4.5 1 1.5

Some college or associate degree 18 20.2 15 22.7

College degree 41 46.1 33 50.0

Master’s degree and above 13 14.6 9 13.6

Missing 13 14.6 8 12.1

Mother’s marital status

Single, never married 6 6.7 4 6.1

Married 69 77.5 52 78.8

Divorced or widowed 9 10.1 7 10.6

Missing 5 5.6 3 4.6

https://doi.org/10.1371/journal.pone.0223801.t001
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Participants who were in the higher IQ group were also more likely to be female (p< 0.001)

and slightly younger than those who were not allocated to that group (p = 0.03). No significant

differences existed between experimental and comparison groups for demographic or cogni-

tive variables in the high IQ sample (not shown). Within the high IQ group, 80% of partici-

pants in the experimental condition were female, compared to 67% of participants in the

comparison group; this was a not statistically significant difference (p = 0.23).

Comparison of the decision support tool with standard practice

Mean scores for participants in the experimental group were 74.4 (SD = 27.3) and 72.4

(SD = 27.5) on the domains of Understanding and Appreciating, respectively. Mean scores

for participants in the comparison group were 75.1 (SD = 25.9) and 73.3 (SD = 32.1) on the

domains of Understanding and Appreciating, respectively. Among the experimental group,

20 (45.5%) agreed they would participate in the clinical trial, and no one answered “Don’t

know,” whereas 18 (40.0%) in the comparison group agreed to participate and 4 participants

(8.9%) did not make a choice. Among the experimental group, 16 (40.0%) participants

scored a 2 on the Consequential Reasoning item; 14 (33.3%) did so from the comparison

group.

No significant differences emerged between participants in the experimental and compari-

son groups in the domains of Understanding or Appreciating in the unadjusted analyses

(Understanding: t = 0.13, p = 0.89; Appreciating: t = 0.15, p = 0.88) or after controlling for sex,

IQ, oral comprehension, verbal memory, working memory, and total anxiety (Understanding:

β = 0.16, p = 0.27; Appreciating: β = 0.08, p = 0.64; Table 2). No significant differences existed

between the experimental and comparison groups in the Reasoning or Expressing a Choice

domains in the unadjusted (Consequential Reasoning: Z = -0.01, p = 0.99; Expressing a Choice:

χ2 = 0.02, p = 0.89) or adjusted analyses (Consequential Reasoning: OR = 1.63, p = 0.32;

Expressing a Choice: OR = 1.10, p = 0.84). Full scale IQ (β = 0.71, p = 0.002) and verbal mem-

ory (β = 0.24, p = 0.046) were significant predictors of the Understanding domain, whereas

only oral comprehension significantly predicted the Appreciation (β = 0.29, p = 0.02) and Rea-

soning domains (OR = 2.62, p = 0.02).

Table 2. Effects of experimental condition on decisional capacity measures in the full sample.

Understandinga

β (95% CI)
Appreciatinga

β (95% CI)
Expressing a Choiceb

OR (95% CI)
Consequential Reasoningc

OR (95% CI)
N 84 83 82 80

Experimental condition 0.16 (−0.13, 0.44) 0.08 (−0.26, 0.42) 1.10 (0.44, 2.78) 1.63 (0.63, 4.26)

Sex (female) 0.03 (-0.36, 0.42) 0.21 (-0.25, 0.67) 1.59 (0.45, 5.60) 2.54 (0.69, 9.42)

IQ 0.71 (0.27, 1.15)�� 0.45 (-0.07, 0.96) † 0.74 (0.19, 2.95) 2.91 (0.68, 12.54)

Oral comprehension 0.20 (−0.01, 0.41) † 0.29 (0.04, 0.53)� 0.77 (0.40, 1.50) 2.62 (1.17, 5.89)�

Verbal memory 0.24 (0.01, 0.48)� 0.02 (−0.26, 0.30) 1.23 (0.57, 2.66) 1.52 (0.71, 3.26)

Working memory −0.33 (−0.71, 0.06) † -0.07 (−0.52, 0.39) 1.74 (0.50, 6.04) 0.48 (0.12, 1.89)

Total General Anxiety -0.13 (-0.27, 0.01) † -0.14 (-0.32, 0.03) † 1.14 (0.71, 1.82) 0.97 (0.59, 1.61)

†p < 0.10

�p < 0.05

��p < 0.01.
aLinear regression.
bLogistic regression.
cOrdinal logistic regression.

https://doi.org/10.1371/journal.pone.0223801.t002
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In secondary analyses, we examined to what extent the Understanding domain predicted

Appreciating, Expressing a Choice, or Reasoning (see Table 3). Understanding was positively

associated with the Appreciating (β = 0.63, p< 0.001) domain; oral comprehension was no

longer related to Appreciation when Understanding was in the model.

Benefits of the decision support tool for those with higher cognitive

functioning

Among the higher IQ subsample, participants scored a mean of 86.3 (SD = 15.3) and 80.8

(SD = 22.2) on the domain of Understanding in the experimental and comparison groups,

respectively. There was no difference in Understanding in unadjusted analyses (T = -1.15,

p = 0.25); however, participants in the experimental condition achieved higher Understanding

scores after adjusting for covariates (β = 0.25, p = 0.04; Table 4). Oral comprehension

Table 3. Effects of experimental condition on decisional capacity measures in the full sample with MacCAT Understanding as a predictor.

Appreciatinga

β (95% CI)
Expressing a Choiceb

OR (95% CI)
Consequential Reasoningc

OR (95% CI)
N 83 80 78

Experimental condition −0.04 (−0.33, 0.25) 1.05 (0.41, 2.70) 1.22 (0.45, 3.31)

Understanding 0.63 (0.39, 0.86)�� 1.15 (0.54, 2.47) 2.10 (0.86, 5.09)

Female sex 0.20 (-0.20, 0.60) 1.55 (0.44, 5.51) 3.07 (0.78, 12.14)

IQ 0.03 (−0.44, 0.50) 0.59 (0.13, 2.67) 1.43 (0.28, 7.35)

Oral comprehension 0.16 (−0.06, 0.37) 0.75 (0.38, 1.50) 2.09 (0.90, 4.86) †

Verbal memory −0.12 (−0.37, 0.13) 1.18 (0.53, 2.62) 1.54 (0.69, 3.41)

Working memory 0.12 (−0.28, 0.51) 2.02 (0.56, 7.38) 0.67 (0.16, 2.75)

Total General Anxiety -0.09 (-0.24, 0.06) 1.13 (0.69, 1.84) 1.04 (0.61, 1.77)

†p < 0.10

�p < 0.05

��p < 0.01
aLinear regression.
bLogistic regression.
cOrdinal logistic regression.

https://doi.org/10.1371/journal.pone.0223801.t003

Table 4. Effects of experimental condition on decisional capacity measures in the higher IQ sample.

Understandinga

β (95% CI)
Appreciatinga

β (95% CI)
Expressing a Choiceb

OR (95% CI)
Consequential Reasoningc

OR (95% CI)
N 63 63 60 59

Experimental condition 0.25 (0.01, 0.49)� 0.14 (-0.23, 0.51) 1.01 (0.34, 3.00) 1.65 (0.56, 4.87)

Sex (female) 0.24 (-0.10, 0.57) 0.13 (-0.39, 0.64) 2.22 (0.50, 9.99) 4.51 (0.98, 20.85) †

IQ 0.30 (-0.19, 0.77) 0.58 (-0.16, 1.32) 0.54 (0.07, 4.23) 1.34 (0.17, 10.48)

Oral comprehension 0.26 (0.08, 0.44)�� 0.32 (0.04, 0.60)� 0.94 (0.42, 2.12) 1.82 (0.75, 4.42)

Verbal memory 0.19 (0.01, 0.39)� 0.04 (−0.26, 0.33) 1.02 (0.43, 2.42) 1.23 (0.53, 2.87)

Working memory −0.11 (−0.48, 0.26) −0.21 (−0.79, 0.36) 1.96 (0.39, 9.87) 1.04 (0.19, 5.64)

Total General Anxiety -0.11 (-0.24, 0.01) † -0.17 (-0.36, 0.03) † 1.04 (0.59, 1.84) 1.09 (0.60, 1.97)

†p < 0.10

�p < 0.05

��p < 0.01
aLinear regression.
bLogistic regression.
cOrdinal logistic regression.

https://doi.org/10.1371/journal.pone.0223801.t004
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(β = 0.26, p = 0.006) and verbal memory (β = 0.19, p = 0.05) were also significantly associated

with Understanding in the multiple linear regression model.

In the higher IQ subsample, participants in the experimental group scored a mean of 81.0

(SD = 23.5) and 78.7 (SD = 30.0) on the domain of Appreciating in the experimental and com-

parison groups, respectively. There was no significant difference in the Appreciation score

between experimental and comparison conditions in the unadjusted analyses (T = -0.34,

p = 0.73) nor after controlling for the cognitive variables (Table 4, β = 0.14, p = 0.45). Oral

comprehension (β = 0.32, p = 0.03) remained the only significant related to the Appreciating

domain in the adjusted model within the higher IQ sample.

Fifteen participants in each of the experimental (50.0%) and comparison groups (41.7%)

agreed to participate in the hypothetical clinical trial; in the comparison condition, 4 partici-

pants (11.1%) answered “Don’t know.” The experimental condition was unrelated to the par-

ticipants’ decision to join the trial in the unadjusted (χ2 = 0.06, p = 0.81) and adjusted analyses

(OR = 1.01, p = 0.99).

In the higher IQ sample, 15 participants (55.6%) in the experimental group nominated two

logical consequences; 13 participants (38.3%) did so from the comparison group. There was no

difference between the experimental and comparison groups in the number of consequences

given in the unadjusted (Z = -0.91, p = 0.36) nor adjusted analyses (Table 4,OR = 1.65, p = 0.37).

In secondary analyses in which we additionally examined Understanding as a predictor of

other decisional capacity domains, higher Understanding was significantly associated with

greater Appreciating (Table 5; β = 0.66, p = 0.001) only. Oral comprehension and verbal memory

were also not longer related to Appreciating when Understanding was included in the model.

Understanding specific components of the trial

Regarding individual items used to create the Understanding score within the higher IQ sam-

ple, participants in the experimental condition were more likely to answer correctly “Why are

the doctors doing the study” (p = 0.009), “How often will you need to take the medicine?”

(p = 0.04, “What is one thing you will do at the doctor’s office?” (p = 0.01), and “What is

another thing you will do when you see the doctor?” (p = 0.03; Table 6).

Table 5. Effects of experimental condition on decisional capacity measures in the higher IQ sample with MacCAT Understanding as a predictor.

Appreciatinga

β (95% CI)
Expressing a Choiceb

OR (95% CI)
Consequential Reasoningc

OR (95% CI)
N 63 59 58

Experimental condition -0.03 (−0.38, 0.33) 0.79 (0.25, 2.53) 1.41 (0.44, 4.90)

Understanding 0.66 (0.28, 1.04)�� 1.85 (0.51, 6.69) 1.40 (0.39, 4.95)

Sex (female) -0.03 (-0.51, 0.45) 2.08 (0.44, 9.73) 4.26 (0.90, 20.18)

IQ 0.38 (−0.30, 1.07) 0.33 (0.04, 2.93) 0.98 (0.11, 8.59)

Oral comprehension 0.15 (−0.13, 0.43) 0.79 (0.33, 1.90) 1.63 (0.64, 4.12)

Verbal memory -0.09 (−0.37, 0.19) 0.92 (0.37, 2.30) 1.19 (0.50, 2.85)

Working memory −0.14 (−0.67, 0.39) 2.65 (0.49, 14.32) 1.24 (0.22, 7.03)

Total General Anxiety -0.09 (-0.27, 0.09) 1.09 (0.59, 2.00) 1.10 (0.60, 2.04)

†p < 0.10

�p < 0.05

��p < 0.01
aLinear regression.
bLogistic regression.
cOrdinal logistic regression.

https://doi.org/10.1371/journal.pone.0223801.t005
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Table 6. Comparisons of experimental and comparison conditions on item-level understanding among participants in the higher IQ sample.

Multiple-choice question Scoring Comparison (n = 36)

N (%)

Experimental (n = 30)

N (%)

1-sided P-value

1. What is the study about?

a. Candy

b. Dr. Bell

c. Lots of people

d. A medicine to help people with fragile X

0–Never correct 1 (2.8) 2 (6.9) 0.22

1–Correct on 2nd try 0 (0.0) 0 (0.0)

2–Correct on 1st try 35 (97.2) 27 (93.1)

2. Why are the doctors doing the study?

a. To test if the medicine will help with fragile X

b. To make money

c. To help Alex run faster

d. To see if the answers are correct

0–Never correct 2 (5.6) 0 (0.0) 0.009

1–Correct on 2nd try 5 (13.9) 0 (0.0)

2–Correct on 1st try 29 (80.6) 29 (100.0)

3. How often will you need to take the medicine?

a. Three times a day

b. When I am hungry

c. Two times a day

d. Only when I eat breakfast

0–Never correct 10 (27.8) 1 (3.5) 0.04

1–Correct on 2nd try 3 (8.3) 7 (24.1)

2–Correct on 1st try 23 (63.9) 21 (72.4)

4. What is one thing you will do at the doctor’s office?

a. Eat lunch

b. Pee in a cup

c. Get my ears checked

d. Get a shot

0–Never correct 6 (16.7) 1 (3.5) 0.01

1–Correct on 2nd try 4 (11.1) 0 (0.0)

2–Correct on 1st try 26 (72.2) 28 (96.6)

5. What is another thing you will do when you see the doctor?

a. Answer questions about how I feel

b. Have my temperature checked

c. Brush my teeth

d. Take a math test

0–Never correct 3 (8.3) 0 (0.0) 0.01

1–Correct on 2nd try 5 (13.9) 1 (3.5)

2–Correct on 1st try 28 (77.8) 28 (96.5)

6. Why are there two types of pill—a real pill and a fake pill?

a. So I have one with breakfast and one with dinner

b. So everyone gets the real pill

c. So the doctors can learn if the real pill is better than the fake pill

d. So that I can have one and my doctor can have one.

0–Never correct 7 (19.4) 9 (31.0) 0.31

1–Correct on 2nd try 7 (19.4) 2 (6.9)

2–Correct on 1st try 22 (61.1) 18 (62.1)

7. How will it be decided which pill you will take?

a. I will decide

b. A computer will decide

c. My parents will decide

d. My doctor will decide

0–Never correct 10 (27.8) 6 (20.7) 0.14

1–Correct on 2nd try 7 (19.4) 3 (10.3)

2–Correct on 1st try 19 (52.8) 20 (69.0)

8. Who will know which pill you are taking?

a. My doctor will know

b. No one will know

c. My parents will know

d. I will know

0–Never correct 11 (30.6) 8 (27.6) 0.42

1–Correct on 2nd try 5 (13.9) 7 (24.1)

2–Correct on 1st try 20 (55.6) 14 (48.3)

9. What will the doctors learn from the study?

a. If I am happy

b. If I like my pills

c. If my heart is healthy

d. If the medicine helps lots of people with fragile X

0–Never correct 1 (2.8) 0 (0.0) 0.11

1–Correct on 2nd try 3 (8.3) 1 (3.5)

2–Correct on 1st try 32 (88.9) 28 (96.5)

(Continued)
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See S2, S3 and S4 Tables for the above results within the higher IQ subsample.

Summary of findings

All research studies, including clinical trials, must adhere to federal guidelines and ethical prin-

ciples of informed consent. Particularly for vulnerable populations, including those with ID,

informed consent is critical both for reasons of science (including the need to demonstrate

broad effectiveness) and distributive justice (to ensure that vulnerable individuals have equal

access to potentially beneficial treatments) [49]. The goal of this paper was to compare the effi-

cacy of a digital decision support tool with standard practice for informed consent among indi-

viduals with FXS and to examine whether the tool can improve decisional capacity for higher

functioning individuals.

The tool was not associated with greater levels of understanding and appreciation for the

full sample of individuals with FXS. There may be a threshold below which individuals with ID

do not benefit from support as a result of the severity of their impairment and must rely on

proxy decision makers. The tool was associated with greater understanding of the clinical trial

among higher cognitive functioning individuals. Participants in the higher IQ group were

characterized by higher cognitive abilities, including oral comprehension, working memory,

and verbal memory. These findings suggest that decision support tools may benefit partici-

pants with the higher range of moderate impairments, mild, or no cognitive impairments and

do so without undue influence on their decision whether to participate in the trial. Prior

research has also found no impact of audio-visual decision supports on participants’ decision

to join the trial [20]. The FXS subpopulation with mild cognitive impairment could be targeted

for future development of decision supports, potentially along with other clinical populations

with mild cognitive impairment.

Table 6. (Continued)

Multiple-choice question Scoring Comparison (n = 36)

N (%)

Experimental (n = 30)

N (%)

1-sided P-value

10. What is one good thing that might happen to you if you are in the study?

a. I might get to choose the real pill

b. I might lose weight

c. I might feel calmer or pay attention easier

d. I might win a prize

0–Never correct 5 (13.9) 2 (6.9) 0.13

1–Correct on 2nd try 4 (11.1) 2 (6.9)

2–Correct on 1st try 27 (75.0) 25 (86.2)

11. What is one thing that you might not like if you are part of the study?

a. I might feel a little sick or tired

b. I might get a rash

c. I might miss my favorite show on TV

d. I might have to play on the computer

0–Never correct 5 (13.9) 2 (6.9) 0.12

1–Correct on 2nd try 3 (8.3) 1 (3.5)

2–Correct on 1st try 28 (77.8) 26 (89.7)

12. What is one thing that would happen to you that might hurt?

a. I will have to do a lot of jumping jacks

b. I will get my ears checked

c. I will have to talk to the doctor

d. I will have my blood drawn

0–Never correct 2 (5.6) 2 (6.9) 0.10

1 – Correct on 2nd try 0 (0.0) 4 (13.8)

2 – Correct on 1st try 34 (94.4) 23 (79.3)

13. What should you do if you do not want to be in the study?

a. Tell the computer not to pick me

b. Find a different doctor

c. Tell the doctor I don’t want to be in the study

d. Say yes and be in the study anyway

0 – Never correct 3 (8.3) 4 (13.8) 0.29

1 – Correct on 2nd try 2 (5.6) 1 (3.5)

2 – Correct on 1st try 31 (86.1) 17 (82.8)

https://doi.org/10.1371/journal.pone.0223801.t006
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Among the full sample, and among the higher IQ subsample specifically, understanding

(i.e., perceiving and retaining information related to the decision to join the clinical trial) was

a strong predictor of appreciation (i.e., ones’ ability to link the decision to one’s own situation).

This is consistent with our previous research [38] using an expanded sample of participants

from this study, and with the results of a study by Fisher et al. [25], which found that capacity

to consent depends on the ability of the information to be understood by participants. These

findings support the need for consent materials to be delivered in a way that augments partici-

pant understanding, thus maximizing participants’ ability to make a personal, informed deci-

sion based on their own circumstances, beliefs, and wishes. The decision aid addresses the gap

between how informed consent is currently conceptualized and operationalized. As an estab-

lished measurement approach, the MacCAT can be used to assess whether the operationaliza-

tion of consent using the decision aid is equal to or better than the standard paper form.

Higher functioning study participants within the experimental condition were more likely

to understand concrete elements of the trial namely their responsibilities as a participant

including what they are being asked to do (i.e. how many times per day they will have to take

medicine) and what they would need to do in the doctor’s office (i.e., have their blood drawn).

This is consistent with findings from our earlier research using paper-based materials with this

study population [38]. While high quality evidence is lacking about the impact of audio-visual

interventions on the consent process, some hypothesize that it may help individuals reduce

anxiety associated with the experience [20]; this may be an indirect benefit associated with

increased knowledge, greater appreciation and satisfaction with the information provided. The

risk communication literature has shown that visual aids can help people comprehend quanti-

tative efficacy and risk information, but not all visual aids are effective [50].

Our earlier work also demonstrated the importance of repeating information and using

alternative ways to convey knowledge, suggesting that scaffolding can improve retention and

ultimately understanding [38]. Although the quality of the existing evidence is low, according

to a systematic review of audio-visuals that informed consent interventions, the overall body

of evidence suggests that an audio-visual strategy may slightly improve knowledge levels [20],

which is the case with our findings. The human-like avatar who engages the user and promotes

bidirectional communication may be a key factor in helping with understanding complex

information, distinguishing it from other multimedia tools. The tool also employed best prac-

tices in communication and decision science that recommend presenting information using

shortened and user-friendly content [51] and strategies for the presentation of probability data

[52].

Limitations and future directions

The study is not without limitations. First, it involved a hypothetical trial. Second, examiners

were not blinded to the study condition, introducing the possibility of bias. The study had a

relatively small sample size, and we used participants’ IQs as the sole measure to define groups

by level of cognitive functioning. This small sample size limited our ability to explore for

experimental effects by participant characteristics such as comorbidities including anxiety dis-

order, attention-deficit hyperactive disorder (ADHD), or ASD. Future studies may benefit

from oversampling individuals with comorbidities in order to investigate for differential

effects. Considering the distinct sex-dependent phenotypes of fragile X syndrome, additional

research may explore if the tool may differentially benefit individuals with ID based on their

sex. Future studies should also examine the level of cognitive capacity a potential participant

would need to have sufficient understanding to provide informed consent. Is there a certain

threshold at which an individual is able to independently make a decision with appropriate
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supports? The effect of the decision support tool should be examined in larger-scale studies in

the context of actual clinical trials to assess the impact on consent, trial retention, and cost-

effectiveness. Finally, although we focused on individuals with FXS, the decision support tool

may provide benefit for those with other forms of ID or those from the general population

who need additional supports (e.g., low health literacy) to fully participate in the informed

consent process. We recognize that digital decision support tools may be limited in what they

can achieve and that other methods of support should be explored as well. Nonetheless, the use

of an interactive decision support tool showed promise for individuals with no ID, mild ID,

and higher levels of moderate ID. It may prove valuable for populations without cognitive

impairment who are overwhelmed by the current approach to informed consent.

Conclusions

This type of decision support tool offers advantages in a clinical setting for busy practitioners

and patients, including customizing content and literacy level to the needs of the study popula-

tion and presenting it as a supplement to conversations with human clinicians. Standardizing

the presentation of content to all study participants promotes equitable and systematic dissem-

ination of information. Knowledge assessment questions embedded throughout the consent

process seek to increase interactivity and confirm subject comprehension. They objectively

measure understanding versus only assessing recall of information or a subjective self-assess-

ment of one’s understanding. The tool also enables adherence to recent changes in the Com-

mon Rule and promotes communication between patients and clinicians in support of shared

decision making. Improved levels of understanding about key methodological procedures and

trial responsibilities may lead to greater adherence to the protocol, longer-term retention, and

higher quality data.
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18. Stacey D, Légaré F, Lewis K, Barry MJ, Bennett CL, Eden KB, et al. Decision aids to help people who

are facing health treatment or screening decisions. Cochrane Database Syst Rev. 2017.

19. U.S. Food and Drug Administration. Use of electronic informed consent, questions and answers: Guid-

ance for institutional review boards, investigators, and sponsors. Silver Spring, MD: U.S. Food and

Drug Administration; 2016.

20. Synnot A, Ryan R, Prictor M, Fetherstonhaugh D, Parker B. Audio-visual presentation of information for

informed consent for participation in clinical trials. Cochrane Database Syst Rev. 2014;(5): CD003717.

https://doi.org/10.1002/14651858.CD003717.pub3 PMID: 24809816

21. Noll S, Trent MW, editors. Mental retardation in America: A historical reader (the history of disability).

New York: New York University Press; 2004.

22. Powers L, Dinerstein R, Holmes S. Self-advocacy, self-determination, and social freedom and opportu-

nity. In: Lakin KC, Turnbull A, editors. National goals and research for people with intellectual and devel-

opmental disabilities. Washington, DC: American Association on Mental Retardation; 2005.

23. Freedman RI. Ethical challenges in the conduct of research involving persons with mental retardation.

Ment Retard. 2001; 39(2): 130–141. Epub 2001/05/09. https://doi.org/10.1352/0047-6765(2001)

039<0130:ECITCO>2.0.CO;2 PMID: 11340962

24. Horner-Johnson W, Bailey D. Assessing understanding and obtaining consent from adults with intellec-

tual disabilities for a health promotion study. J Policy Pract Intellect Disabil. 2013; 10(3). Epub 2013/11/

14. https://doi.org/10.1111/jppi.12048 PMID: 24223054

25. Fisher CB, Cea CD, Davidson PW, Fried AL. Capacity of persons with mental retardation to consent to

participate in randomized clinical trials. Am J Psychiatry. 2006; 163(10): 1813–1820. Epub 2006/10/03.

https://doi.org/10.1176/ajp.2006.163.10.1813 PMID: 17012694

26. Dye L, Hare DJ, Hendy S. Capacity of people with intellectual disabilities to consent to take part in a

research study. Journal of Applied Research in Intellectual Disabilities. 2007; 20(2): 168–174. https://

doi.org/10.1111/j.1468-3148.2006.00310.x

27. Raspa M, Wheeler AC, Riley C. Public health literature review of Fragile X Syndrome. Pediatrics. 2017;

139(3): S153–171. Epub 2017/08/18. https://doi.org/10.1542/peds.2016-1159C PMID: 28814537

28. Hall SS, Burns DD, Lightbody AA, Reiss AL. Longitudinal changes in intellectual development in chil-

dren with Fragile X syndrome. J Abnorm Child Psychol. 2008; 36(6): 927–939. Epub 2008/03/19.

https://doi.org/10.1007/s10802-008-9223-y PMID: 18347972

29. Loesch DZ, Huggins RM, Hagerman RJ. Phenotypic variation and FMRP levels in fragile X. Mental

Retardation and Developmental Disabilities Research Reviews. 2004; 10: 31–41. https://doi.org/10.

1002/mrdd.20006 PMID: 14994286

30. Baker DW, DeWalt DA, Schillinger D, Hawk V, Ruo B, Bibbins-Domingo K, et al. “Teach to goal”: Theory

and design principles of an intervention to improve heart failure self-management skills of patients with

low health literacy. J Health Commun. 2011; 16(sup3): 73–88.

31. Sullivan G, Craske MG, Sherbourne C, Edlund MJ, Rose RD, Golinelli D, et al. Design of the Coordi-

nated Anxiety Learning and Management (CALM) study: Innovations in collaborative care for anxiety

disorders. Gen Hosp Psychiatry. 2007; 29(5): 379–387. https://doi.org/10.1016/j.genhosppsych.2007.

04.005 PMID: 17888803

32. Hooper S, Hatton D, Sideris J, Sullivan K, Hammer J, Schaaf J, et al. Executive functions in young

males with fragile X syndrome in comparison to mental age-matched controls: Baseline findings from a

Digital decision support tools and clinical trials

PLOS ONE | https://doi.org/10.1371/journal.pone.0223801 October 23, 2019 20 / 21

https://doi.org/10.1038/gim.2016.157
http://www.ncbi.nlm.nih.gov/pubmed/27735922
https://doi.org/10.1371/journal.pone.0172607
http://www.ncbi.nlm.nih.gov/pubmed/28445471
https://doi.org/10.1177/1740774515571139
https://doi.org/10.1177/1740774515571139
http://www.ncbi.nlm.nih.gov/pubmed/25701156
https://doi.org/10.1371/journal.pone.0058603
https://doi.org/10.1371/journal.pone.0058603
http://www.ncbi.nlm.nih.gov/pubmed/23484041
https://doi.org/10.1177/1740774516669352
http://www.ncbi.nlm.nih.gov/pubmed/27625314
https://doi.org/10.1002/14651858.CD003717.pub3
http://www.ncbi.nlm.nih.gov/pubmed/24809816
https://doi.org/10.1352/0047-6765(2001)039<0130:ECITCO>2.0.CO;2
https://doi.org/10.1352/0047-6765(2001)039<0130:ECITCO>2.0.CO;2
http://www.ncbi.nlm.nih.gov/pubmed/11340962
https://doi.org/10.1111/jppi.12048
http://www.ncbi.nlm.nih.gov/pubmed/24223054
https://doi.org/10.1176/ajp.2006.163.10.1813
http://www.ncbi.nlm.nih.gov/pubmed/17012694
https://doi.org/10.1111/j.1468-3148.2006.00310.x
https://doi.org/10.1111/j.1468-3148.2006.00310.x
https://doi.org/10.1542/peds.2016-1159C
http://www.ncbi.nlm.nih.gov/pubmed/28814537
https://doi.org/10.1007/s10802-008-9223-y
http://www.ncbi.nlm.nih.gov/pubmed/18347972
https://doi.org/10.1002/mrdd.20006
https://doi.org/10.1002/mrdd.20006
http://www.ncbi.nlm.nih.gov/pubmed/14994286
https://doi.org/10.1016/j.genhosppsych.2007.04.005
https://doi.org/10.1016/j.genhosppsych.2007.04.005
http://www.ncbi.nlm.nih.gov/pubmed/17888803
https://doi.org/10.1371/journal.pone.0223801


longitudinal study. Neuropsychology. 2008; 22(1): 36–47. Epub 2008/01/24. https://doi.org/10.1037/

0894-4105.22.1.36 PMID: 18211154

33. Ornstein PA, Schaaf JM, Hooper SR, Hatton DD, Mirrett P, Bailey DB Jr. Memory skills of boys with

Fragile X Syndrome. Am J Ment Retard. 2008; 113(6): 453–465. Epub 2009/01/09. https://doi.org/10.

1352/2008.113:453-465 PMID: 19127656

34. Bailey DB Jr., Raspa M, Wheeler A, Edwards A, Bishop E, Bann C, et al. Parent ratings of ability to con-

sent for clinical trials in Fragile X Syndrome. Journal of Empirical Research on Human Research Ethics.

2014; 9(3): 18–28. Epub 2014/11/26. https://doi.org/10.1177/1556264614540591 PMID: 25422596

35. Schmitt LM, Shaffer RC, Hessl D, Erickson C. Executive Function in Fragile X Syndrome: A Systematic

Review. Brain Sci. 2019;9(1). Epub 2019/01/19. https://doi.org/10.3390/brainsci9010015 PMID:

30654486

36. Bailey DB Jr., Raspa M, Olmsted M, Holiday DB. Co-occurring conditions associated with FMR1 gene

variations: findings from a national parent survey. Am J Med Genet A. 2008; 146A(16): 2060–2069.

Epub 2008/06/24. https://doi.org/10.1002/ajmg.a.32439 PMID: 18570292

37. Ligsay A, Hagerman R, Berry-Kravis E. Overview of targeted double-blind, placebo-controlled clinical

trials in Fragile X Syndrome. Fragile X Syndrome. 2017: 401–418.

38. Wheeler AC, Wylie A, Raspa M, Villagomez A, Miller K, Edwards A, et al. Decisional capacity for

informed consent in males and females with Fragile X Syndrome. J Autism Dev Disord. 2019. Epub

2019/03/03. https://doi.org/10.1007/s10803-019-03930-4 PMID: 30825084

39. Ryan RM, Deci EL. Self-determination theory and the facilitation of intrinsic motivation, social develop-

ment, and well-being. Am Psychol. 2000; 55(1): 68–78. Epub 2001/06/08. https://doi.org/10.1037//

0003-066x.55.1.68 PMID: 11392867

40. Furberg RD, Ortiz AM, Moultrie RR, Raspa M, Wheeler AC, McCormack LA, et al. A digital decision sup-

port tool to enhance decisional capacity for clinical trial consent: Design and development. JMIR Res

Protoc. 2018; 7(6): e10525. Epub 2018/06/08. https://doi.org/10.2196/10525 PMID: 29875084

41. Sansone SM, Schneider A, Bickel E, Berry-Kravis E, Prescott C, Hessl D. Improving IQ measurement

in intellectual disabilities using true deviation from population norms. J Neurodev Disord. 2014; 6(1): 16.

https://doi.org/10.1186/1866-1955-6-16 PMID: 26491488

42. Appelbaum PS, Grisso T. MacArthur Competence Assessment Tool for Clinical Research (MacCAT-

CR). 1st ed. Sarasota, FL: Professional Research Press; 2001.

43. Roid GH. Stanford Binet Intelligence Scales (SB5). Fifth ed. Itasca, IL: Riverside Publishing; 2003.

44. Woodcock RW, McGrew KS, Mather N. Woodcock Johnson III tests of achievement. Rolling Meadows,

IL: Riverside Publishing; 2001; 2007.

45. Sheslow D, Adams W. Wide range assessment of memory and learning. 2nd ed. Lutz, FL: Psychologi-

cal Assessment Resources, Inc; 2003.

46. Rutter M, Bailey A, Lord C. Social communication questionnaire. Los Angeles, CA: Western Psycho-

logical Services; 2003.

47. Lord C, Rutter M, Dilavore PC, Risi S, Gotham K, Bishop SL. Autism diagnostic observation schedule.

Second ed. Los Angeles, CA: Western Psychological Services; 2012.

48. Esbensen AJ, Rojahn J, Aman MG, Ruedrich S. Reliability and validity of an assessment instrument for

anxiety, depression, and mood among individuals with mental retardation. J Autism Dev Disord. 2003;

33(6): 617–629. https://doi.org/10.1023/b:jadd.0000005999.27178.55 PMID: 14714931

49. Yan EG, Munir KM. Regulatory and ethical principles in research involving children and individuals with

developmental disabilities. Ethics Behav. 2004; 14(1): 31–49. Epub 2004/12/08. https://doi.org/10.

1207/s15327019eb1401_3 PMID: 15580725

50. Lipkus IM. Numeric, verbal, and visual formats of conveying health risks: Suggested best practices and

future recommendations. Med Decis Making. 2007; 27(5): 696–713. Epub 2007/09/18. https://doi.org/

10.1177/0272989X07307271 PMID: 17873259

51. Fischoff B. Communicating risks and benefits: an evidence-based user’s guide. Brewer NT, Downs JS,

editors. Washington. DC: Government Printing Office; 2012.

52. Fagerlin A, Zikmund-Fisher BJ, Ubel PA. Helping patients decide: Ten steps to better risk communica-

tion. J Natl Cancer Inst. 2011; 103(19): 1436–1443. Epub 2011/09/21. https://doi.org/10.1093/jnci/

djr318 PMID: 21931068

Digital decision support tools and clinical trials

PLOS ONE | https://doi.org/10.1371/journal.pone.0223801 October 23, 2019 21 / 21

https://doi.org/10.1037/0894-4105.22.1.36
https://doi.org/10.1037/0894-4105.22.1.36
http://www.ncbi.nlm.nih.gov/pubmed/18211154
https://doi.org/10.1352/2008.113:453-465
https://doi.org/10.1352/2008.113:453-465
http://www.ncbi.nlm.nih.gov/pubmed/19127656
https://doi.org/10.1177/1556264614540591
http://www.ncbi.nlm.nih.gov/pubmed/25422596
https://doi.org/10.3390/brainsci9010015
http://www.ncbi.nlm.nih.gov/pubmed/30654486
https://doi.org/10.1002/ajmg.a.32439
http://www.ncbi.nlm.nih.gov/pubmed/18570292
https://doi.org/10.1007/s10803-019-03930-4
http://www.ncbi.nlm.nih.gov/pubmed/30825084
https://doi.org/10.1037//0003-066x.55.1.68
https://doi.org/10.1037//0003-066x.55.1.68
http://www.ncbi.nlm.nih.gov/pubmed/11392867
https://doi.org/10.2196/10525
http://www.ncbi.nlm.nih.gov/pubmed/29875084
https://doi.org/10.1186/1866-1955-6-16
http://www.ncbi.nlm.nih.gov/pubmed/26491488
https://doi.org/10.1023/b:jadd.0000005999.27178.55
http://www.ncbi.nlm.nih.gov/pubmed/14714931
https://doi.org/10.1207/s15327019eb1401_3
https://doi.org/10.1207/s15327019eb1401_3
http://www.ncbi.nlm.nih.gov/pubmed/15580725
https://doi.org/10.1177/0272989X07307271
https://doi.org/10.1177/0272989X07307271
http://www.ncbi.nlm.nih.gov/pubmed/17873259
https://doi.org/10.1093/jnci/djr318
https://doi.org/10.1093/jnci/djr318
http://www.ncbi.nlm.nih.gov/pubmed/21931068
https://doi.org/10.1371/journal.pone.0223801

