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Abstract

Although genomic research offering next generation sequencing (NGS) has increased the 

diagnoses of rare/ultra-rare disorders, populations experiencing health disparities infrequently 

participate in these studies. The factors underlying non-participation would most reliably be 

ascertained from individuals who have had the opportunity to participate, but decline. We thus 

enrolled parents of children and adult probands with undiagnosed disorders who had declined 

genomic research offering NGS with return of results with undiagnosed disorders (Decliners, 

n=21) and compared their data to those who participated (Participants, n=31). We assessed: 

1) Practical barriers and facilitators, (2) Sociocultural factors- genomic knowledge and distrust, 

and 3) The value placed upon a diagnosis by those who declined participation. The primary 

findings were that residence in rural and medically underserved areas (MUA) and higher number 

of barriers were significantly associated with declining participation in the study. Exploratory 

analyses revealed multiple co-occurring practical barriers, greater emotional exhaustion and 

research hesitancy in the parents in the Decliner group compared to the Participants, with both 

groups identifying a similar number of facilitators. The parents in the Decliner group also had 
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lower genomic knowledge, but distrust of clinical research was not different between the groups. 

Importantly, despite their non-participation, those in the Decliner group indicated an interest 

in obtaining a diagnosis and expressed confidence in being able to emotionally manage the 

ensuing results. Study findings support the concept that some families who decline participation 

in diagnostic genomic research may be experiencing pile-up with exhaustion of family resources 

- making participation in the genomic research difficult. This study highlights the complexity of 

the factors that underlie non-participation in clinically relevant NGS research. Thus, approaches 

to mitigating barriers to NGS research participation by populations experiencing health disparities 

need to be multi-pronged and tailored so that they can benefit from state-of -the art genomic 

technologies.
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Introduction

Precision medicine, which incorporates genetic information into medical care, holds great 

promise in its potential to optimize an individual’s health (Manolio et al., 2019). Nowhere 

has this been more impactful than in the application of next-generation genomic sequencing 

(NGS) to undiagnosed rare/ultra-rare disorders, which collectively affect six percent of the 

US population, causing personal/familial distress and exerting a societal impact (Nguengang 

Wakap et al., 2020). Until about a decade ago, the traditional diagnostic approach of testing 

single genes or a small number of genes, left many of these individuals undiagnosed (Shashi 

et al., 2013). In recent years, the availability of NGS, which interrogates the entire exome 

or genome, has resulted in diagnoses in 25–50%, and an increase in new disease gene 

discoveries (Shickh et al., 2021). In addition to NGS being available clinically, large-scale 

research studies such as the NIH-Undiagnosed Diseases Network (UDN) have utilized NGS 

innovatively to achieve diagnoses for patients with the most intractable manifestations, 

improve medical care to these patients and their families and move the needle on genomic 

medicine and science (Schoch et al., 2021; Splinter et al., 2018). However, it has been 

observed since the inception of the UDN that populations experiencing health disparities, 

participate in low numbers (>80% of UDN applicants self-identify as White and 10% as 

Hispanic or Latino), with populations experiencing health disparities defined as inclusive 

of racial and ethnic minority groups, people with lower socioeconomic status (SES), 

underserved rural communities, and sexual and gender minority groups (U.S. Department 

of Health and Human Services, 2022). With access to state-of-the-art NGS that has direct 

clinical benefits to them, provided as part of the research study, it is concerning that so few 

affected patients and their families from populations that experience healthcare disparities 

participate in genomic research. Further, specific reasons for non-participation remain 

unclear. There is an imperative to understand the underlying factors for non-participation 

in NGS genomic research by these individuals so as to decrease malleable inequities that 

lead to low engagement.
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The existing literature describes many factors influencing participation in genomic research 

studies by populations experiencing health disparities, with some obstacles being common 

to all clinical research studies. These barriers include cost, time, travel (Chou et al., 2021; 

Gene Hallford et al., 2020; Penon-Portmann et al., 2020), as well as factors specific to 

genomic research, such as doubts about the validity of genomic testing, potential negative 

emotional response to information learned and concern that the information would be used 

against a group or community, and cultural beliefs (Fisher et al., 2020; Johnson et al., 2009). 

Robinson et al. (2016) assessed why individuals declined genome sequencing, finding 

that the major reasons were practical barriers of time and study logistics, and for some 

fear of insurance discrimination, concerns about emotional response to the information, 

and concerns about privacy. However, unlike patients with undiagnosed/rare disorders, 

the majority of subjects who responded in this study, were healthy adults, and thus their 

perspective may be different from those who are experiencing a diagnostic odyssey.

The construct of genomic knowledge (Langer et al., 2017) could also influence an 

individual’s participation in genomic research. Previous research has reported that 

individuals self-identifying as African American or Hispanic/Latino, and those with lower 

education and SES have lower genomic knowledge and also lower uptake of genetic testing 

and genomic research (Canedo et al., 2019; Fisher et al., 2020; Gómez-Trillos et al., 2020; 

Hooker et al., 2014; Hurle et al., 2013; Krakow et al., 2017; Rini et al., 2020). Rini et al. 

(2020) also found that higher genomic knowledge was associated with better understanding 

of NGS results, but did not examine the relationship between genomic knowledge and the 

decision to participate in NGS genomic research.

Few data are available on the barriers and sociocultural factors specific to participation in 

NGS genomic research by populations experiencing health disparities. A study applying 

NGS in heart disease used potential participants in community-based focus groups to 

identify major barriers for rural and minority participants-the barriers ascertained included 

the use of technical language, concern of privacy, distrust of medical research, costs and 

concerns about what might be learned from the genomics (Skinner et al., 2015). The 

facilitators included the potential benefits of obtaining genomic results and altruism. The 

NIH Clinical Sequencing Evidence-Generating Research (CSER) consortium explored in 

phase I, recruitment and rates for declining to their various NGS studies and reported 

that 12%–64% (median 28%) of patients, declined participation with study logistics being 

the most common reason for declining; however, no demographics of those who declined 

were reported (Amendola et al., 2018). As part of the initial phase, the NCGENES study 

reported that 40% of patients referred to their NGS study, could not be reached, did not 

attend a scheduled visit, were not interested, or had poor health (Moore et al., 2017). Those 

identifying as African Americans were more likely to decline (44% versus 24% of those 

identifying as White) and after enrollment, there was greater attrition for the participants 

self-identifying as non-White and/or Hispanic (Moore et al., 2017). In another network-

wide CSER publication, barriers identified by individuals from diverse socioeconomic 

backgrounds who participated in their study (including those from populations who may 

experience health disparities), were, in order of highest to lowest frequency: beliefs 

(attitudes, values, and knowledge), organizational (availability and access), financial and 

perception of need (distrust of healthcare system, time, avoidance), and social (language and 
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cultural) (Gutierrez et al., 2021). Notably, these data were collected only from participants 
at the time of study consent or during the course of the study. CSER also strongly 

emphasized that patients who had limitations in access to general healthcare services, also 

would not have access to genomic research that recruits through the healthcare systems 

(Gutierrez et al 2021). The BabySeq Project, which offered NGS to both healthy and sick 

newborns, asked parents who declined (mostly of healthy newborns) to describe in their 

own words the reasons for doing so. The individual free-text responses were grouped into 

categories- burdensome study logistics, feeling overwhelmed postpartum, lack of interest in 

the genetic testing and concerns about privacy, insurability and uncertain results. Findings 

from this study are limited in that <30% of parents who declined provided reasons, the 

parents were not administered surveys or interviewed and the demographic information was 

incomplete (the collected data indicated the majority were White-80%). A recent study of 

parents of children enrolled in the UDN, targeting parents from diverse racial and ethnic 

backgrounds highlighted the importance of their relationships with providers, cultural norms 

about communication of the child’s disorder, access to resources (e.g., education, income, 

social connections), and language concordance as important in increasing access to the 

network study (Young et al., 2022). Although these studies provide a multitude of reasons 

for low participation in research using NGS the reasons were inferred, or ascertained from 

individuals either considering participation or actually participating in NGS research, and 
did not extract information from individuals who declined to participate.

Two genomic research studies at our institution offer diagnostic NGS- the UDN and the 

Duke Research Sequencing Clinic (DRSC). We reviewed the Duke Health internal referrals 

from medical genetics providers to both studies and found that approximately 42% of 

patients/parents did not participate in either study, despite initially actively agreeing to 

the NGS study referral and being informed that the evaluations, the NGS, and return 

of results were all cost-free. This was particularly perplexing since we have previously 

shown that despite high rates of anxiety and depression, undiagnosed patients/parents, are 

actively engaged in genomic research offering return of results of NGS (McConkie-Rosell 

et al., 2018; McConkie-Rosell et al., 2016; Spillmann et al., 2017). We suspected that 

there were multiple factors underlying their non-participation. Thus, we undertook the 

current study (Barriers study) to examine factors that contribute to the involvement or 

lack of involvement of families in genomic research studies. This is a novel study which 
identifies and surveys both decliners and participants in diagnostic NGS research studies 
providing return of results, clinical genetics evaluations, and genetic counseling. Using our 

experiences and the literature, we hypothesized that Decliners of NGS research would be 

more likely from a population that historically has experienced health disparities, would 

identify a multitude of underlying factors such as more practical barriers, fewer facilitators, 

demonstrate lower genomic knowledge, more distrust of clinical research, yet have a similar 

interest in obtaining a diagnosis, as those who participated.

Methods

Human Subjects Ethics approval was obtained from the Institutional Review Boards of 

the National Human Genome Research Institute (15-HG-0130), Duke University Medical 

Center (Pro00056651), and Duke University Medical Center (Pro00105966).
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Sample Identification

Using a retrospective study design, data were collected on internal referrals from the Duke 

Health Genetics providers to two NGS research studies, the UDN and the DRSC, from July 

2015- October 2021. The Decliners were identified from both studies and the Participants 

were only identified through the UDN (Duke clinical site only). We included all identified 

referrals in the period above and parsed them into their appropriate category those who 

enrolled in the UDN (Participant Group) and those who did not enroll in either the UDN or 

the DRSC (Decliner group)and reviewed to determine if the proband met inclusion criteria.

The UDN is funded by the NIH Common Fund, and consists of 12 clinical sites and 

supporting research cores and a coordinating center, with a mission to diagnose patients 

with mystery illnesses and move forward research for rare and undiagnosed diseases 

(https://undiagnosed.hms.harvard.edu/). Since most rare/ultra-rare disorders are genetic in 

etiology, NGS is a major component of UDN evaluations. Results of clinical assessments 

from medical specialists, laboratory tests, NGS [inclusive of exome sequencing (ES) and 

genome sequencing (GS)], are provided whether a diagnosis is established or not. The UDN 

processes aim to reduce patient burden, as much as possible- the twelve UDN clinical 

sites provide travel, hotel accommodations, and a stipend for food from research funds, to 

reduce the burden of geographic location or financial constraints, the individualized clinical 

evaluations occur within the one-week period of their stay at the clinical site and since 2020, 

the Duke site has been offering telehealth and hybrid telehealth/in-person evaluations to 

decrease the need for travel. NGS is also provided free of cost through the UDN sequencing 

core laboratory. At the Duke site, all clinical and laboratory evaluations are also paid for by 

research funds, so patients/families are accepted without any consideration of their financial 

status. Applicants require a referral letter from a medical provider and complete an online 

application with assistance provided by the UDN coordinating center if needed. The DRSC 

is funded by the Duke Health System where clinical genetics evaluations and NGS are 

provided for undiagnosed patients in this research clinic. Referrals are made directly by the 

health provider with participation involving one to two clinic visits. Similar to the Duke 

UDN site, hybrid and virtual telehealth visits are offered. All activities including the NGS 

are provided free of cost to the patients, with results communicated to the patients and the 

referring providers.

Text mining of the Duke Electronic Health Record (EPIC) was utilized to identify 

Participants (those who applied to the UDN and had been accepted) and Decliners (those 

that did not apply to the UDN after being referred by their Duke Health Provider). We 

reviewed the internal referrals log to the DRSC, to identify Decliners (those that had 

declined when contacted by the study genetic counselor or had not responded to calls or 

emails).

Inclusion Criteria and Recruitment for Barriers study

For the Decliner group, individuals were eligible for this study if all four criteria were 

met: 1) A referral to the UDN/DRSC had been made for themselves or their child by a 

Duke Health Genetics provider and they had actively expressed agreement to be referred, 2) 

Greater than 12 weeks had lapsed since the referral and no application had been received 
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for the UDN or for the DSCR, the parents or adult proband had not responded to study staff 

after three attempts to contact by phone and a subsequent email/letter, 3) The proband was 

living (to avoid contacting families suffering from the demise of a loved one), and 4) The 

Proband remained undiagnosed with existing clinical testing as the purpose of the referral to 

UDN or DSRC was for additional diagnostic investigation. For the Participant group, parents 

were eligible if: 1) They or their child had been referred by a Duke Health genetics provider 

to the UDN after actively expressing agreement to the referral, 2) They had applied to and 

been accepted to the UDN, and 3) The proband was living. For both groups medical record 

review was specifically done focusing on the genetic clinic notes to confirm documentation 

of 1) discussion about the UDN/DRSC research studies (the potential benefits, limitations), 

2) discussion of any clinically available options focused on diagnostic investigation (such 

as waiting for ES reanalysis, clinical ES or GS), 3) the patient or parents expressed 

agreement to be referred and 4) Proband met eligibility criteria. Both parents were eligible 

to participate as we were interested in learning all that we could from their experiences 

for both Decliner and Participant groups. Parents included biological parents and primary 

caregivers or guardians of children/adults who could not consent for themselves. Since most 

of the internal Duke referrals to both NGS studies involve children, the majority of identified 

eligible individuals in both groups were parents of children referred. Informed consent was 

provided by all individuals who agreed to participate in the study.

Measures

Demographics—The following data were collected on subjects in both groups: age, 

highest educational level, race, ethnicity, zip codes to identify geographic location (urban 

versus rural and medically underserved area (MUA) as designated by HRSA (Health 

Resources & Services Administration, 2022) and the Department of Agriculture (USDA 

ERS, 2020) [notably, many of these demographics map on to the Social Determinants 

of Health (SDH) as defined by the U.S. Department of Health and Human Services as 

including 5 domains: economic stability, education access and quality, health care access 

and quality, neighborhood and built environment, and social and community context (U.S. 

Department of Health and Human Services, 2022)]. Geographic residence was determined 

to be rural and MUA if the zip code mapped to one of the 76 counties in NC that meet 

the criteria above. We also collected information on whether the proband had undergone 

NGS prior to referral to the UDN or the DRSC. We note that race and ethnicity are social 

constructs and so should not be used as distinguishing biological or genetic variables in 

healthcare disparity research (Fraiman & Wojcik, 2021; Krieger, 2001; White et al., 2020) 

and thus we use these for descriptive purposes only and not for comparisons between 

the Decliners and Participants. To determine if access to services was a factor underlying 

participation in NGS research we examined the number of clinic visits to genetics in the 

Decliner and Participant groups.

Surveys and Interview

We used quantitative surveys as well as qualitative data obtained from open-ended items 

on the surveys for both groups and a brief interview with the Decliner group. Our 

measurement strategy was guided by the existing literature and our own research on 

psychosocial factors associated with undergoing NGS (McConkie-Rosell et al., 2018; 
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McConkie-Rosell et al., 2016; McConkie-Rosell et al., 2019; Spillmann et al., 2017). We 

assessed in both Participants and Decliners: (1) Practical barriers and facilitators, and (2) 

Sociocultural factors, including genomic knowledge and distrust. In the Decliner group only, 

we ascertained the expectations of NGS, the meaning they ascribed to a diagnosis and 

how they would emotionally manage the information, utilizing the Genomic Empowerment 

Scale (GEmS) (McConkie-Rosell et al., 2019; McConkie-Rosell et al., 2022). The survey 

administration occurred from January 2021- February 2022 and were available to the 

subjects online, on paper, or through a telephone call with the study coordinator. The 

majority of surveys were completed online via REDCap database. For Spanish-speaking 

subjects, the surveys were translated into Spanish and surveys and interviews were 

completed with a Spanish speaking study coordinator. Participants were informed that 

surveys would take approximately 20–30 minutes and they would be compensated $30 

for their time and instructed to think back to their reasons for either being a part of the 

NGS research or deciding not to participate. Parents and adult probands in both the Decliner 

group and the Participant group completed the following surveys:

Barriers and Facilitators Checklist.—Since there is no validated measure to assess 

practical/logistical barriers and facilitators to NGS, we developed a checklist after 

extensively reviewing the existing literature to identify the most common reasons why 

individuals choose to participate or decline research in general and specifically genetic/

genomic research (Advani et al., 2003; Amendola et al., 2018; Burchard et al., 2015; 

Corbie-Smith et al., 2002; Davis et al., 2019; George et al., 2014; Gómez-Trillos et al., 

2020; Hamel et al., 2016; Hughes et al., 2017; Lang et al., 2013; Oh et al., 2015). The 

items were developed to capture relevant SDH as well as concerns related to activities 

required of the genomic research, such as the ability to travel, time away from work, social 

support, understanding the research process, computer access, concerns about stigmatization 

or discrimination, and distrust of medical research. The checklist has 19 barriers and 

9 facilitators, uses a Likert scale, and has two open-ended items allowing for free text 

responses. Preliminary reliability showed a Cronbach’s Alpha of .88 for the Barriers and .61 

for the Facilitators. Higher scores are indicative of greater perceived barriers and facilitators. 

A total score was calculated separately for both the barriers and facilitators.

The University of North Carolina Genomic Knowledge Scale (UNC-GKS).—The 

UNC-GKS assesses knowledge in four domains: structure and function of genes, how they 

are inherited in families, their relation to health, and strengths and limitations of exome 

sequencing (Langer et al., 2017). The survey consists of 25 true/false items, has good 

reliability (Cronbach’s Alpha = .90) and assesses genomic knowledge from individuals with 

variable sociodemographic backgrounds. It provides a single total score of genetic health 

literacy, and the raw score is converted to a T-score.

Corbie-Smith Distrust Index.—This index consists of seven items, in a Likert response 

format assessing two types of distrust related to clinical research: interpersonal and societal 

distrust (Corbie-Smith et al., 2002; Durant et al., 2011). Durant defined interpersonal distrust 

as distrust based on personal experiences with healthcare or clinical research (e.g., belief 

that your doctor would not explain research fully to you if asking you to participate in a 
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trial) and societal distrust as a general negative view of clinical research based on societal 

life experiences or perceptions (e.g., likelihood that you or people like you will be used 

as guinea pigs without permission). This index allows for the two subscale scores to be 

individually reported as by Durant et al. 2011.

Genome Empowerment Scale (GEmS).—For the Decliner group only, we included 

two scales from the GEmS, to obtain data on whether the Decliners had less interest in 

obtaining a diagnosis (expectation of a diagnosis from NGS and what that diagnosis could 

mean for them) and managing the information (confidence in their ability to emotionally 

manage the outcome of the genomic sequencing). Both scales have good reliability 

(Cronbach’s alpha .83 and.80). Total scores for each scale were compared to the previously 

published norms derived from UDN participants (McConkie-Rosell et al., 2019; McConkie-

Rosell et al., 2022). Additionally, the two scales each have an open-ended response option 

that asks parents to 1) describe how “the information gained from the genetic sequencing 

will, in the future, improve your child’s life?” and 2) describe any worries about what they 

might learn about their child’s diagnosis from the sequencing.

Brief Structured Interview for Decliners—At the time of initial phone contact for 

the Barrier study, all Decliners were offered a brief phone interview to capture as much 

data as possible as a complement to the survey data. We asked all subjects in the Decliner 

group to reflect back on their reasons for choosing not to participate in either the UDN 

or the DRSC. We asked individuals in the decliner group to: 1) Inform us as to why 

they had decided not to participate in the UDN or DRSC, 2) What, if any, barriers 

made it difficult to participate, 3) If they had any recommendations for how it could be 

made easier to participate, including the possibility of participation through telehealth? The 

length of the phone interview varied, but on average lasted approximately 10–20 minutes. 

A structured interview format was used, conducting either in English or Spanish with 

responses written down by the interviewer (either the genetic counselor or Spanish speaking 

study coordinator) using standard interview techniques with general concepts repeated back 

by and confirmed by the respondent (our IRB protocol did not allow for these responses to 

be audio-taped).

Data Analysis

Statistical analysis of quantitative data was performed using SPSS V 28 (IBM Statistics). 

The demographics were compared between the groups with Student’s t-tests and chi-square 

analysis. Student’s t-tests were also performed for group differences on the total barriers 

and facilitators scores, genomic knowledge scale and, the distrust index (interpersonal and 

societal distrust subscales) to determine their inclusion in the logistic regressions. We did 

not compare groups on race/ethnicity, since a narrow focus on race and ethnicity is likely 

to obscure the underlying factors that may be driving the reasons for non-participation of 

populations experiencing health disparities in research or clinical services (Martínez-García 

et al., 2022; White et al., 2020). MANOVAs were computed in an exploratory manner, for 

group differences on the individual items in the barriers survey. The GEmS data in the 

Decliners were compared to previously published z-scores (McConkie-Rosell et al., 2022).
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To address the primary research question of identifying significant factors that distinguished 

the Decliner group from the Participant group, logistic regression was used. To determine 

potential factors in the stepwise binary logistic regression, point biserial correlations were 

examined to ascertain the relationship of group membership with the total barriers scores 

and genomic knowledge for inclusion in the model (since these were significantly different 

between the groups). We also created centered interaction terms for key variables to 

understand the moderating effect of each on group membership. If significant, interactions 

would be examined by simple slopes analysis.

Qualitative data were analyzed using Atlas ti v 7.5. The interview notes from the Decliners’ 

brief interviews were reviewed and compared for commonality and differences to the 

individual items on the barriers and facilitators checklist using a directed content approach 

(Potter & Levine-Donnerstein, 1999). These findings were then compared to the survey 

responders handwritten notes on the open-ended items on the barriers and facilitators 

checklist. We then merged the interview notes with the parents handwritten responses on 

both open-ended items, so that responses from the same participant (all representing a 

unique probands) who wrote responses on the survey and completed the interview, were 

not counted twice and we were able to maximize the information from these sources. We 

repeated the process for the two open-ended items on the GEmS and for the participant 

group on the Barriers and Facilitators Checklist. These findings were compiled, themes 

identified, and illustrative quotes from the parents’ written responses selected.

Results

Enrollment

We identified 70 probands who themselves or their parents/guardians were informed about 

the UDN or the DRSC by their genetics health provider and actively expressed interest 

and agreed to the UDN or the DRSC referral who subsequently did not apply or declined 

when contacted by the study team (Decliners) and 44 probands themselves or their parents/

guardians who had applied to the UDN and were accepted (Participants). We were able to 

contact at least one parent/guardians/themselves for 52 of the 70 Decliners and for all 44 

Participants. Figure 1A and 1B provides details of the response rates in both groups for the 

surveys and the brief interview. It is to be noted that although only 47% (n=21/52) of those 

in the Decliner group completed the surveys, 90% (47/52, including one adult proband and 

46 parents/guardians of probands) completed the brief structured interview. Of the 21 who 

completed the surveys in the Decliner group, all were parents (18 declined the UDN and 

three the DRSC) representing 21 unique probands (Figure 1A). The Participants represented 

24 unique probands (inclusive of three adult probands and 21 children) with both parents 

providing data for 7 probands, leading to 31 responses (Figure 1B). Twenty-nine percent 

(7/24) of the Participant group probands had a certain or highly likely diagnosis established 

by the UDN whereas none of the Decliners had a diagnosis, consistent with our inclusion 

criteria.
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Preliminary Analysis

We examined demographic characteristics between all the eligible probands in the Decliners 

(n =70) and Participants (n =44) groups, including those that we were unable to reach 

(Figure 1). Geographic location was the only significantly different demographic variable 

between the groups (Fisher’s exact test p = .01), with the Decliner group more likely to 

be from rural/MUA counties [55% (39/70)] compared to probands the Participant group 

[30% (13/44)]. There were no differences detected on race, ethnicity, and prior experience 

with non-diagnostic ES. We did not have access to educational level for the Decliners we 

were unable to reach so that demographic could not be assessed for the total groups. The 

majority of those in the Participant group who applied to the UDN did so within a few 

weeks of the referral (mean of 4.0 ± 6.70 weeks) (N = 44 probands). The decliner group 

which was defined by not applying for a minimum of 12 weeks post referral had a mean of 

151.86 ± 83.87 weeks that had lapsed since referral (n = 70), but this time difference cannot 

be compared to the Participant group, since the Decliner group never applied to the NGS 

studies.

In evaluating access to genetic services across the two groups, we examined the number of 

visits to medical genetics clinics prior to the referrals to the UDN and DRSC: there were 

no significant differences between the two groups: (Decliners= mean 3.61 ±2.02 visits and 

Participants= mean 3.73 ± 2.20 visits prior to the referral t(112)= −.280, p= NS Twenty-six 

percent (18/70) of the probands in the Decliner group had also been seen at least once (mean 

1.89 ± 1.20; range 1–5) in the medical genetics clinic for routine follow-up after the referral 

had been made to the UDN or DSRC before contact for the Barriers study.

We also examined if there were any demographic differences between the probands in the 

Decliner group that we were successful in contacting (n =52) and those who we could not 

reach (n = 18). There were no significant group differences for the number of genetics 

clinic visits, geographic location (urban versus rural/MUA), and prior experience with a 

nondiagnostic ES. However, the Decliner probands who were unreachable for the Barriers 

study were more likely to be non-White (11/52; 8/18 (p<.001) and/or Hispanic (4/52; 2/18 (p 

= .01).

In the Participant group, there were 24 probands (three probands were adults who 

responded to surveys themselves and 21 probands were children or adults who could not 

consent for themselves, for whom parents responded). For these 24 probands we had 31 

survey responses, due to duplicate parental responses from 7 families. To account for 

non-independence of the survey data, we performed a mixed effects generalized linear 

modeling with the quantitative measures, first using data from all 31 surveys, and then with 

the 24 unique survey responses (one for each proband, randomly selecting one parent among 

the duplicate responses). The results were not substantially different with the two sample 

sets. However, we performed logistic regression analysis only with the data from the 24 

unique surveys in the participant group, since regression analysis assumes that the data are 

independent. Demographic data for the subset of parents and adult probands in both groups 

who completed the quantitative surveys are in Table 1.
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Barriers and Facilitators, Genomic Knowledge, and Distrust in Participants 
versus Decliners—The findings from the Barriers and Facilitators Checklist, Genomics 

Knowledge Scale, and Corbie-Smith Distrust Index are in Table 1. The total mean score 

for barriers for parents in the Decliner group was significantly higher compared to the 

Participant group, t (49) = 4.31 p<.001, while the total facilitators scores did not differ 

between the two groups, t (49) = 0.16. On the Genomic knowledge scale, the parents in the 

Decliner group had significantly lower scores, indicating lower genomic knowledge, than 

those in the Participant group; interpersonal and societal distrust subscale scores were not 

significantly different between the two groups. On the GEmS, we found that parents in 

the Decliner group had scores on the two scales, Meaning of a Diagnosis and Emotional 

Management, that were within the published norms for parents prior to participating in NGS 

for their children in the UDN (McConkie-Rosell et al., 2022) (Table 1).

Point biserial correlations between group and the total number of barriers and genomic 

knowledge demonstrated that the Decliner group was associated with significantly more 

barriers (r= .524, p<.001) and significantly lower genomic knowledge (r= −.324, p<0.05). 

As a prelude to regression analysis, we examined the correlations in the entire sample, 

between the predictor variables that were chosen for the regression, based on the t-tests 

and correlations above. There was a significant negative correlation between the total 

barriers score and genomic knowledge (r=−.454, p<.001). Rural residence was significantly 

correlated with lower education (r= .396, p<.01), but not with barriers. Education and 

genomic knowledge were highly positively correlated (r=.758, p<.001). As we are cognizant 

of the effect of time on recall in both groups, we performed correlations using time interval 

since referral in each group, with the Barriers, Facilitators, and Genomic Knowledge. There 

were no significant correlations in either group and thus time elapsed since referral is not a 

significant factor that impacts our survey data.

Exploratory Analysis of Group Differences on Items From the Barriers and Facilitators.

We undertook an exploratory analysis of group differences on the individual items on 

the barriers and facilitators checklist. The overall MANOVA was statistically significant 

between the two groups for the individual barrier items (Pillai’s Trace = .934 F (23.01) 

p<.001) (Figure 2) (see Supplemental Table 1). A specific question regarding telehealth as 

an option instead of an in-person evaluation was added after the study was underway, and 

was rated significantly more often as a facilitator, by the parents in the Decliner group (n = 

20) than those in the Participant group (n = 19) [(t (37) =2.46 p< .01]).

Predictors of Decliners and Participants Groupings

Binary logistic regression analyses with group membership as the dependent variable, and 

stepwise predictors chosen from our comparisons above and our hypotheses, adding in 

relevant interaction terms, are shown in Table 2. We found that geographic residence and 

the total number of barriers were significant predictors of group membership. In contrast, 

education and genomic knowledge were not significant predictors of group membership. 

This may be because of the relation between education and geographic location, with 

rural residents less likely to have a college or higher education (14.3% Decliners versus 

77.4% Participants, X2(1) 11. 34, p<.01). Additionally, geographic location accounted for 
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the majority of the variance with an odds ratio of 6.56 (Chen et al., 2010). Neither of the two 

interaction terms (barriers X genomic knowledge and Rural/Urban X genomic knowledge) 

were significant predictors of group membership, suggesting that genomic knowledge was 

not synergistic with either barriers or geographic location on the group outcomes

Qualitative Findings From Decliners and Participants

Open-ended responses from Decliners.—Ninety percent (47/52, inclusive of the 

21 who completed surveys) of the parents and one adult proband in the Decliners group 

provided comments on at least one of our three sources (Barriers and Facilitators Checklist, 

GEmS, structured interview). The majority of the reasons for non-participation were 

consistent with the items on the Barriers and Facilitators checklist. The most commonly 

endorsed reasons were lack of social support, difficulty with the application process, 

emotional exhaustion, lack of time, and difficulty with travel.

“I have two sons with special needs, taking one means no one is available to watch 

the other. I don’t have somebody to watch him. I was told that my life for a week 

would be at Duke Hospital, back and forth for a week and so I just couldn’t do that. 

And then do it twice for the other child.”

However, through this process we identified two additional barriers that were not on the 

checklist: 1) Other concerns taking precedence, such as health concerns for the child or 

for other family members and 2) Not wanting to put the child through any more tests or 

procedures. Approximately one fourth of parents also expressed concerns about research 

participation, including simply not wanting to engage with research, concerns about the 

uncertainty inherent in research or worry over being a guinea pig.

Facilitators identified by parents in the Decliner group were that the UDN/DRSC was 

perceived as the best option for a diagnosis, and the availability of telehealth would reduce 

the barriers of time, travel, and childcare.

I am fully aware that participation in the UDN would not guarantee a diagnosis 

for my daughter, but knowing that we did everything we could and that an answer 

could still be forthcoming would have given me some peace.

Parents in the Decliner group valued the NGS and felt that outcome of the sequencing 

could lead to an overall improved quality of life, improved medical management, a possible 

treatment, and some felt that any information that might be gained would be helpful.

“Our doctors have informed us that, barring anything shocking, my child’s course 

of treatment wouldn’t likely change much with a diagnosis. As a parent, the use 

of the word ‘likely” just isn’t good enough for me. Having answers about my 

child’s condition, along with possibly connecting with other families who have 

experienced the same thing, would feel like a very powerful, tangible outcome.”

Some parents reported worry regarding a life limiting disorder that could be uncovered, 

while others just wanted a diagnosis to reduce the uncertainty and negate the worry.

I’m not worried we just want answers so we can move on with getting her help or 

treatment at this point.
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Thirty-six percent (19/52) of the parents in the Decliner group asked for assistance at 

the time they were contacted for the Barrier study, either for a follow up appointment in 

Medical Genetics (11/52) or for assistance with a UDN application (6/52) or both (2/52). 

The Duke clinical genetics team was informed and this assistance was provided by the 

genetic counselor. These requests were all from parents of children referred to the UDN.

Open-ended responses from Participants from the Barriers Survey.—Forty-

eight percent (15 probands (14 parents and one adult proband) in the Participant group 

provided responses to the open-ended items. There were only two barriers identified: lack of 

social support and emotional exhaustion.

Some of my family severely discouraged me from putting my child in this program, 

I ultimately had to choose to ignore them which was a really hard decision.

Two of the three parents describing lack of support stated that they would not have been able 

to participate had it not been for the referring provider intervening.

My husband did not want to participate in UDN. I don’t know the solution to when 

parents do not agree about UDN. The only thing that helped was to make a genetic 

appointment and the geneticist explained to my husband that they wouldn’t do any 

tests that seem to hurt my son. And that there was potential that it could help in the 

future.

The responses focused mainly on facilitators: UDN being best option for a diagnosis, having 

good social support, costs related to participation covered and having the time needed to 

participate.

Discussion

Genomic research studies have had a persistent problem of disproportionately low 

participation by populations experiencing health disparities (Amendola et al., 2018; Fisher et 

al., 2020; Fraiman & Wojcik, 2021; Khoury et al., 2022; Splinter et al., 2018) with barriers 

to clinical research occurring at the healthcare systems level, the provider level, as well as 

at the patient level (Kilbourne et al., 2006). Since we found that despite offering the benefit 

of no-cost return of results NGS, 43% of referred patients/parents who had access through 

their prior clinical genetics, declined to participate, we focused on patient factors underlying 

non-participation. Currently, comprehensive data on the perspectives of patients/parents who 

decline NGS research are lacking. Our study is novel as it assesses patient perspectives 

who declined a clinical genomics study with a focus on return of results to patients with 

a clinical presentation suggestive of a genetic disorder for which clinical testing has been 

non-diagnostic, relative to participants, across multiple domains and factors.

We examined a number of key factors for our primary outcome of why a family would 

be a participant or a decliner of the two NGS research studies. Our preliminary analyses 

showed significant group differences, with the Decliners endorsing more barriers, having 

lower genomic knowledge and education level, and more often residing in a rural/MUA 

county. When examining specific predictors of group membership, we found that residing in 

a rural/MUA county and the total number of barriers were significant. While it is possible 
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that the lower participation by rural residents is related to system based factors (e.g., less 

access to specialty services, clinics, and/or healthcare providers) it is unlikely to be solely 

due to healthcare system or provider factors, since all the parents/probands had obtained a 

referral to the NGS studies from their genetics providers, travel was supported for most, 

and there were no costs to the NGS. However, rural residence may be subsuming the effect 

of patient related factors such as genomic knowledge and education, with which it was 

highly correlated. Although it was not associated with significant variance in the regression 

analysis, the low genomic knowledge in the Decliner group is remarkable, since all of the 

responders had seen a genetics provider, and 86% had experience with a prior clinical NGS, 

receiving information on NGS as part of the consenting and genetic counseling. Thus, more 

genomic education may be required when introducing NGS research to patients/parents over 

and above the standard discussion of genomics that occurs in clinical practice. Parental 

education level was also not significantly associated with group membership, although the 

parents in the Participant group were more highly educated (71% had a college degree) than 

the parents in the Decliner group (24% with a college degree).

The CSER consortium has highlighted the importance of access to healthcare is a critical 

factor to participation in Genomic research (Gutierrez et al., 2021). The probands all had 

access to genetic services, with no difference between the total participant (n = 44) and 

decliner groups (n =70) regarding number of genetics clinic visits up to the point of referral 

to the UDN or DSRC. To further explore access, we also reviewed medical records to 

determine if probands in the Decliner group had been seen for interval follow-up since the 

referral to the Genomic research studies and found that 26% had been seen for routine care. 

These return visits had already occurred before being contacted for the Barriers study. It 

should be noted that if a proband is clinically stable and ES was non-diagnostic, the medical 

genetics follow-up recommendation at Duke is typically follow-up in approximately 1–2 

years. Some of the probands in the Decliner group were waiting for their clinical follow 

up to occur. Access to care can be a barrier to being referred to genomic research studies. 

However, our study demonstrates that even when access to services is provided, practical 

barriers are operative that may reduce participation by populations experiencing healthcare 

disparities.

Our exploratory analyses of the individual barriers demonstrated that many co-occurred 

in the Decliner group--lack of time, difficulty with travel, childcare, and lack of social 

support, similar to the described literature (Amendola et al., 2018; Genetti et al., 2019; 

Gutierrez et al., 2021). While barriers of time, travel, and childcare can be addressed with 

telehealth, prior data report that telehealth itself can be a barrier, for some, due to difficulty 

with internet connectivity and computer access (Chang et al., 2021). It is important to note 

that the Participant group who did not endorse these as barriers at the same level as the 

Decliner group were also significantly less likely to endorse telehealth as a facilitator. These 

findings suggest that removing the barriers of time, travel, and childcare via telehealth, may 

increase participation, but in those who do not face those barriers, in-person evaluations may 

be acceptable and even preferred. A discussion about options for evaluations and sample 

collection should be part of the discussions with the proband and their families so that as 

much as possible, facilitators of participation can be tailored to the needs of the individual.
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The parents in the Decliner group also expressed more research hesitancy (i.e., preferring to 

wait for clinical testing, concern about being treated like a guinea pig, and not understanding 

what could happen as part of the research), but they did not identify specific concerns with 

research identified by other studies, such as stigmatization or discrimination, health provider 

not understanding, or worry that something bad could happen as a result of the research 

study (Fisher et al., 2020; George et al., 2014). This may be due to the parents in the 

Decliner group having established close relationships with their referring genetics providers 

as well as frequent engagement with healthcare systems that provide care for their children’s 

complex medical problems.

Despite these major group differences, consistent with our hypothesis we found that the 

parents in the Decliner group were similar to parents who have participated in the UDN in 

several ways: in their desire for a diagnosis, its importance for the care and well-being of 

their children, and their perceived ability to emotionally manage whatever might be learned. 

Complementing these findings, parents in both groups reported on the facilitators survey 

that the UDN/DSRC were their best options to achieve a diagnosis and expressed positive 

perceptions of the genomic research and its outcome. The emotional exhaustion expressed 

as a significant barrier in the Decliner group may explain the apparent contradiction of 

declining NGS genomic research, while simultaneously desiring a diagnosis for their child. 

We and others have highlighted the emotional toll associated with searching for a diagnosis 

(McConkie-Rosell et al., 2018; Spillmann et al., 2017) that when compounded by the 

everyday caregiver toll required for a medically complex child (Caicedo, 2014; Cardinali 

et al., 2019) may have a negative effect on the decision to participate in genomic research, 

especially when co-occurring with other barriers. Remarkably, 36% of the parents in the 

Decliner group, at the time of contact for this study, asked for assistance with follow-up, 

either in the Medical Genetics Clinic or in applying to the genomic research study. These 

parents may have experienced emotional exhaustion or difficulty with navigation of the 

healthcare system. These findings and the two additional barriers on the open-ended items 

(i.e., other concerns taking precedent and not wanting to put the child through additional 

testing) suggest that some parents may need a pause in the diagnostic odyssey. We 

recommend that the referral to the genomic research not be offered as a one-time option, 

allowing for a pause in the process.

An unexpected finding in our study was that, although distrust is reported as a reason for 

non-participation in clinical research (Corbie-Smith et al., 2002; Durant et al., 2011), there 

were no group differences in societal and interpersonal distrust. Similar to what has been 

reported on trusting patient experiences with health care specialists (Keating et al., 2004), 

we surmise that because both groups had previously obtained medical care from the clinical 

genetics providers who referred them to the studies and since children with undiagnosed 

disorders have serious medical problems, they are likely to have had trusting relationships 

with these providers, possibly leading to less interpersonal distrust. Indeed, two parents in 

the Participant group commented that they would not have been able to participate in the 

genomic research had it not been for the clinical geneticist. The lack of societal distrust is 

more perplexing, but may be influenced by the recurrent interactions with societal structures 

such as health systems and payers for the care of their children.
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Overall, our findings suggest that reasons for declining genomic sequencing are complex, 

and much work is needed to improve our understanding of how these complex and possibly 

interwoven factors may have an impact on how families make decisions about participating 

in diagnostic genomic research. McCubbin and Patterson’s Double ABCX model of 

adjustment and adaptation may offer one framework for beginning to understand these 

findings (McCubbin & Patterson, 1983). This model describes the interaction of factors 

associated with the family response and adaptation to a stressful event and predicts that 

families who have less resources at the start of a stressful event are more likely to experience 

more rapid depletion of resources. It has been extensively used and adapted to different 

family stress events, including well-being in parents of children with health concerns 

(Boettcher et al., 2021; Pozo et al., 2014). The components of this model certainly would 

apply to our families, experiencing the stress of a diagnostic odyssey and often medically 

complex children, and provide a theoretical consideration for many of our findings between 

the groups. The multiple co-occurring barriers, residing in a rural/MUA county, requiring 

travel to gain access to medical care, and the taxing the available family resources such 

as childcare and emotional exhaustion, support the concept that some families who decline 

participation in diagnostic genomic research may be experiencing pile-up with exhaustion 

of family resources, thus making participation in the genomic research difficult. Further 

studies may enable exploration of the applicability of this model to our understanding of 

why parents decide to participate in research or not.

Study Limitations

Although we had medium to large effect sizes for salient results, the sample size in our 

study was small (n=52) and thus the results should be interpreted with caution. Data 

collected for this study were retrospective and memories of why they made the decision 

to either participate or decline the genomic research may have been influenced by factors 

that occurred after the decision was made. We demonstrated that time-lapse from referral to 

contact for the study did not significantly influence the survey data, but it is possible that 

additional factors such as actually participating in the genomic research studies (Participant 

group) may have influenced survey and interview responses. Additionally, 29% of the 

participant probands were diagnosed through their participation in the UDN and this may 

also have influenced their responses, while all the Decliners remained undiagnosed. The 

number of parents in the Decliner group who completed the surveys was small and we were 

not able to audio-record responses to the Decliner brief interview, limiting the completeness 

of the responses, our ability to analyze the data, and assess reliability, although the genetic 

counselor took comprehensive notes and checked back with the respondent to ensure that 

notes reflected their response. We identified UDN participants and the Decliner groups 

through data mining of the electronic medical record by selection of records in which a 

specific phrase was inserted into a patient’s clinic note for referral to the UDN and this 

phrase may not have been used if parents declined a referral during the clinic visit and thus 

we may not have been able to capture data on all probands for whom these two research 

studies were discussed by the clinical genetics team. We found that the Decliners we were 

unable to reach about the Barriers study were more likely to be nonwhite or Hispanic. 

There may be additional underlying health disparities that we were not able to ascertain 

and this should be the focus of future investigation. An unexpected finding occurring during 
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the interviews was the request for assistance in either applying to the NGS research or 

facilitating clinical follow up. This finding could suggest decisional instability but the study 

design and focus of this study did not allow us to asses this further. Importantly, parents 

in both groups including Decliners that we could not contact for this study, had access to 

clinical genetic services and thus barriers for those families not able to access this clinical 

service at all may be quite different and should be further explored. The majority of those 

enrolled were parents of children and thus we do not know if our findings are directly 

applicable to adult probands. We did not formally assess SDH, (U.S. Department of Health 

and Human Services, 2022), but many of the demographics, specific items on our barriers 

and facilitators survey and the sociocultural variables of genomic knowledge and distrust 

map onto the relevant SDH.

Conclusion

We assessed practical barriers and sociocultural factors that influence the decision to 

participate in genomic sequencing research in parents who declined genomic research 

offering NGS for their children, despite being provided access through a referral to the 

studies and support for travel, and being interested in obtaining a diagnosis. We found 

the most significant associations were rural residence and practical barriers, which are 

likely to reduce participation in clinical research, even if the outcome of that research is 

highly desired. Our findings suggest that if we are to improve participation in genomic 

research by patients and their families from rural and other populations experiencing 

healthcare disparities, barriers need to be addressed at the time of the referral and tailored 

to the family’s needs (e.g., offering telehealth, a further discussion of research). Further 

research is needed to build on these preliminary findings, to explore causal relationships, to 

develop and evaluate the effectiveness of interventions designed to increase the participation 

of populations experiencing healthcare disparity in genomic and more broadly clinical 

research, with the ultimate goal of improving access to state-of-the art care and improved 

outcomes for all.
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What is known about this topic

Very little is known about the reasons why parents in search of a diagnosis for their child 

decline participation in genomic research providing return of results NGS.

What this paper adds to the topic

Our novel study provides insights into multiple factors that are operative to participation 

in genomic research in individuals who declined compared to those who do participate. 

We found that parents in the Decliner group more often live in rural and MUA areas 

and thus meet the definition of individuals who experience health disparities, have lower 

genomic knowledge and identify multiple barriers to NGS participation, than those in the 

Participant group. At the same time, we found that parents in the Decliner group valued 

a diagnosis and reported similar facilitators to genomic research as the Participants. 

These findings suggest that approaches to mitigating barriers to participation in genomic 

research need to be multi-pronged and should extend beyond access to services, since 

barriers, many of them practical, may prevent participation even if access is provided.
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Figure 1A: Recruitment and retention of Decliners from the UDN and DRSC
Illustration of sample identification, recruitment and study completion for the Decliner 

group. Recruited subjects were more willing to complete the qualitative interviews (47/52= 

90%), than the quantitative surveys (21/52= 40%). There were no duplicate responses 

to either the surveys or the interviews in the Decliner group, with the data thus being 

independent.
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Figure 1B: Recruitment and retention of Participants from the UDN
Illustration of sample identification, recruitment and study completion for Participant 

group. Survey completion rate was higher than in the Decliner group (24/44 probands, 

54.5%). Of the 24 probands in the Participant group, seven had duplicate survey responses, 

due to both parents responding, with a total of 31 responders (3 adult probands who 

responded for themselves and 28 guardians responding for the other 21 probands). Thus, 

non-independence of the data was accounted for in our analyses. Interviews were not 

performed in the Participant group, to decrease study burden, since they had already 

participated in the research NGS.
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Figure 2: Many individual barriers were endorsed by the Decliner group, reflecting significant 
group differences in both practical considerations and cultural factors
Multiple co-occurring barriers were endorsed by the Decliner group. Means (s.d.) of these 

barriers from the Barriers and Facilitators Checklist (Likert response options ranged from 

1–7) are presented.
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