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Abstract
Objectives  While national medical guidelines recommend genetic testing for all individuals with non-syndromic autism spec-
trum disorder (ASD), there is underutilization of genetic testing. This study aims to define the perspectives and approaches 
to initial genetic testing of ASD diagnosticians in order to improve utilization.
Methods  A prospective cross-sectional study was conducted using an anonymous online survey distributed to 59 staff neu-
rologists, developmental-behavioral pediatricians, psychologists, post-graduate physician fellows, and nurse practitioners 
from a single academic medical center. Questions explored knowledge, attitudes, and practices of initial genetic testing for 
ASD among diagnosticians.
Results  Among the 30 respondents (51% response rate), a lack of comprehensive pre-test genetic counseling was identi-
fied and forgetfulness was the most prevalent reason for not recommending genetic testing (n = 7/23, 30%). Insurance prior 
authorization (PA) for genetic testing was a major barrier for clinicians. More than half of respondents (n = 13/25, 52%) 
reported being uncomfortable with the PA process.
Conclusions  Variability in knowledge and practices among ASD diagnosticians regarding genetic testing was identified. 
Therefore, potential interventions like clinician and administrative staff education, as well as genetic counselor integration 
into ASD clinics, may be useful to improve genetic testing utilization.
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The post-genomic era has placed genetic testing at the fore-
front of clinical evaluation for individuals with autism spec-
trum disorder (ASD). Identifying a disease-causing variant 
can provide diagnostic clarity, guide medical decision-mak-
ing, influence family planning, and help prognosticate on 
other medical issues in the affected person (Ellison et al., 
2012). There is consensus among medical organizations 
that genetic testing be offered to all individuals with ASD 
(Hyman et al., 2020; Satya-Murti et al., 2013; Schaefer et al., 
2013; Volkmar et al., 2014). However, completion rates of 
any genetic testing range between 16 and 41% in the USA 
(Amiet et al., 2014; Cuccaro et al., 2014; Kiely et al., 2016; 
Moreno-De-Luca et al., 2020; Narcisa et al., 2013; Zhao 

et al., 2019b) despite a majority of parents (69–98%) sup-
porting ASD genetic testing (Ayhan et al., 2021; Chen et al., 
2013; Codina-Solà et al., 2017; Wagner et al., 2020; Xu 
et al., 2016; Zhao et al., 2019a). Subspecialty clinics like the 
Boston Children’s Hospital Autism Spectrum Center (ASC), 
where it is standard practice to recommend chromosomal 
microarray (CMA) and fragile X testing for all children 
with ASD, are only slightly better with a completion rate of 
59.8% among toddlers (Harris et al., 2020). There is a gap 
between national guidelines and genetic testing completion 
rates and the reason why is unknown.

Issues regarding the expense of testing and lack of insur-
ance coverage have been raised by clinicians and families 
alike (Harrington et al., 2018; Hendel et al., 2021; Rutz 
et al., 2019; Xu et al., 2016). Insurance coverage for medi-
cally necessary genetic testing varies in the USA (Riggs 
et al., 2014), despite multiple guidelines recommending at 
least a CMA for children newly diagnosed with ASD without 
a readily identifiable genetic syndrome (Hyman et al., 2020; 
Satya-Murti et al., 2013; Schaefer et al., 2013; Volkmar 
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et al., 2014). Insurance companies may not support genetic 
testing for various reasons. Genetic testing is expensive and 
is often an excluded benefit. Some payers reject that genetic 
testing is medically necessary and claim it is “experimental,” 
despite standardized analysis methods and known impact on 
clinical care (Riggs et al., 2014). In order to prevent families 
from receiving an unwelcome bill for genetic testing not 
covered under their child’s medical insurance plan, many 
clinical practices in the USA seek prior authorization before 
proceeding with DNA collection for genetic testing (Barton 
et al., 2018). While rates of genetic testing completion are 
slightly higher (33.8–61.7%) in countries like France, Spain, 
and Israel where universal public healthcare includes genetic 
testing, underutilization of genetic testing remains evident 
(Amiet et al., 2014; Codina-Solà et al., 2017; Hendel et al., 
2021).

In addition to cost and insurance coverage of genetic 
testing, clinician factors have been implicated. Limited 
knowledge of genetics and test result interpretation, as well 
as failure to review recommendations with families, may 
impact whether a child with autism obtains genetic testing 
(Codina-Solà et al., 2017; Hendel et al., 2021; Rutz et al., 
2019; Soda et al., 2021; Wofford et al., 2019). Neurologists, 
developmental pediatricians, and geneticists have shown 
variability in genetic test ordering practices (Barton et al., 
2018; Domínguez-Carral et al., 2017; Harrington et al., 
2018; Wofford et al., 2019). Prior research has focused pri-
marily on the family’s perspective and on views of general 
pediatricians who may not be comfortable with diagnos-
ing ASD or pursuing genetic testing (Amiet et al., 2014; 
Codina-Solà et al., 2017; Cuccaro et al., 2014; Harrington 
et al., 2018; Narcisa et al., 2013; Rutz et al., 2019; Wag-
ner et al., 2020; Zhao et al., 2019a, 2019b). Prior studies 
have not evaluated the challenges of non-genetics special-
ists like developmental pediatricians and child neurologists, 
who diagnose the majority of children and adults with ASD 
(Hyman et al., 2020). The goal of this study was to evaluate 
non-geneticist subspecialist perspectives on genetic testing 
for ASD in order to identify key areas for improvement to 
increase genetic testing completion rates.

Method

Participants

Participants were recruited from a single academic medi-
cal center, The Boston Children’s Hospital Autism Spec-
trum Center (ASC). The ASC includes physicians, nurse 
practitioners, and developmental psychologists from the 
Department of Neurology and the Division of Developmen-
tal Medicine with expertise in ASD. Individuals with sus-
pected ASD undergo comprehensive diagnostic evaluations 

by either Neurology or Developmental Medicine clinicians 
based upon their needs and associated medical issues after 
a centralized intake process. Neurology evaluations are 
supervised by a staff neurologist or neurology nurse prac-
titioner, with developmental psychology visits conducted 
separately on a referral basis. Evaluations in Developmental 
Medicine are often team-based visits supervised by both a 
developmental-behavioral pediatrician and developmental 
psychologist. Psychologists were included in this study since 
they provide essential counseling on new ASD diagnoses, 
including possible etiologies, and often arrange follow-up 
medical care, even though ordering and interpretation of 
genetic testing is outside of their scope of practice. Trainees 
include fellows in developmental-behavioral pediatrics, neu-
rodevelopmental disabilities, and developmental psychology. 
All trainees led autism evaluations under the supervision of 
a staff clinician at the ASC. All trainees and staff clinicians 
had received prior education regarding institutional guide-
lines to recommend genetic testing for all individuals newly 
diagnosed with ASD.

Of the 59 potential respondents who had been in practice 
at the Boston Children’s Hospital ASC for at least 6 months, 
About half (n = 30/59, 51%) completed the questionnaire. 
The response rate was similar across the Department of 
Neurology and the Division of Developmental Medicine 
(Table 1). The majority of respondents was physicians, 
including attending physicians (n = 15/30, 50%) and phy-
sician fellows in developmental-behavioral pediatrics and 
neurodevelopmental disabilities (n = 8, 27%). Most of the 
respondents diagnosed patients with ASD at least 1–3 
times per month (n = 26, 87%). All clinicians endorsed 

Table 1   Survey respondent characteristics (n = 30)

a Results may not total 100% due to rounding

n %a

Sex
Female 21 70%
Male 9 30%
Subspecialty
Neurology 11 37%
Developmental medicine 19 63%
Clinician type
Attending physician 15 50%
Physician trainee 8 27%
Attending psychologist 5 17%
Nurse practitioner 2 7%
Frequency diagnosing ASD
 ≥ 1 per week 11 37%
1–3 times per month 15 50%
1–11 times per year 3 10%
 < 1 time per year 1 3%
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recommending genetic testing for patients, with 25 (83%) 
always and 5 (17%) often doing so. Clinicians reported that 
patient families are interested in genetic testing, including 
CMA, either often (n = 20/29, 69%), sometimes (n = 8, 28%), 
or always (n = 1, 3%).

Procedure

An anonymous online survey was distributed to clinicians 
and results were collected between October and November 
2018. Study data were collected and managed using RED-
Cap electronic data capture tools hosted at Boston Children’s 
Hospital (Harris et al., 2009, 2019). Respondents could opt 
into a gift card raffle by providing an email address, which 
was not linked to their responses.

Measures

An 18-question survey was designed about knowledge, 
attitudes, and practices regarding ASD genetic testing after 
gathering perspectives from meetings with staff Neurology 
and Developmental Medicine clinicians. Respondents were 
asked about their approach to completing ASD genetic tests 
in clinic, barriers to testing, and opportunities for improve-
ment in a free-text section (See Supplementary Materials). 
Non-personally identifiable demographic information was 
collected on clinician type, level of training, and frequency 
of diagnosing ASD.

Data Analyses

Descriptive analysis was performed using all available 
responses, excluding missing data and answers marked as 
“not applicable” by individual question. Thematic analy-
sis was performed on free-text comments at the end of the 
survey. The Boston Children’s Hospital Institution Review 
Board confirmed the protocol to be exempt from review, 
including a waiver of informed consent.

Results

Regarding pre-test genetic counseling, most respondents 
reviewed the importance and yield of genetic testing in ASD, 
the possible outcomes, the financial burden, and need for 
insurance prior authorization with families (Fig. 1). How-
ever, only 40% of clinicians reported that they discuss the 
specific methodology of initial testing options, such as dis-
cussing that microarray only detects deletions and duplica-
tions, and only 3% discussed concerns of identifying consan-
guinity based upon single-nucleotide polymorphism (SNP) 
microarrays.

Among the 23 clinicians who provided at least one reason 
why they may not recommend genetic testing (Fig. 2), for-
getfulness (n = 7/23, 30%) was the most commonly identified 
reason. Other reasons included insufficient time during clinic 
visits (n = 6, 26%), concerns about parental anxiety (n = 5, 

Fig. 1   Frequency of pre-test 
genetic counseling focused on 
single-nucleotide polymorphism 
microarrays

Fig. 2   Self-reported factors that 
clinicians believe limit their 
recommendation of genetic 
testing. Clinicians were asked 
to select as many as apply. 
*Other reasons include insur-
ance status, outside of scope of 
practice, and family perspective 
(overwhelmed or not interested)
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22%), assumptions that insurance would not cover genetic 
testing (n = 5, 22%), and limited knowledge of how to obtain 
insurance authorization (n = 5, 22%). Twenty-five clinicians 
rated the overall process for ordering CMA on a 5-point 
Likert scale ranging from 1 as “very difficult” to 5 as “very 
easy,” and the median score was 2 or “somewhat difficult.”

Nearly all clinicians (n = 25/28, 89%) requested that the 
patient’s caregivers contact the insurance company as the 
first step to obtain insurance authorization for genetic test-
ing, while only two (7%) requested their administrative or 
nursing staff to begin the process of insurance authorization, 
and one clinician (4%) started the authorization process on 
their own. Clinicians had various ways of addressing ini-
tial denial of insurance coverage for testing: 8 of 26 (31%) 
respondents contact the insurance company themselves, 8 
(31%) refer the family to a geneticist, 5 (19%) do not pursue 
genetic testing further, and 5 (19%) ask nursing or adminis-
trative staff to contact the insurance agency.

Clinicians reported a wide range of comfort with differ-
ent aspects of obtaining genetic testing for children with 
ASD (Fig. 3). Areas where clinicians felt most comfort-
able included ordering genetic testing in the electronic 
health record, explaining recommendations to families and 
completing a letter of medical necessity for the insurance 
authorization process. However, less than half of clinicians 
(n = 12/25, 48%) reported feeling comfortable with the over-
all process of obtaining insurance authorization. This finding 
remained true even when stratifying by clinician role. In fact, 
47% (n = 7/15) of attending physicians, the medical profes-
sionals with the highest level of training and experience, 
were uncomfortable with obtaining insurance authorization.

Four themes emerged from free-text responses from cli-
nicians when asked to describe challenges and opportuni-
ties for improvement on genetic testing in ASD. Of the 14 
responses, 50% highlighted the difficulties with obtaining 
insurance coverage for genetic tests, ranging from confu-
sion around how to obtain authorization to the “long battle” 
of getting insurance authorization, and concern about high 

deductibles for patient families. Other clinicians (n = 3, 21%) 
mentioned that research-based genetic testing impacted their 
clinical practice, with three referring families to a research 
study looking at whole exome sequencing (the Simons Foun-
dation Autism Research Initiative SPARK study (Feliciano 
et al., 2018) in lieu of clinical genetic testing. The need for 
additional administrative support was highlighted by two 
other clinicians (14%). Comments from two psychologists 
included deferring responsibility of genetic testing to phy-
sicians and requesting additional family friendly resources 
about genetic testing.

Discussion

This study detailed the perspectives of non-genetics ASD 
clinicians towards genetic testing. In this single-center sur-
vey, all clinicians recommended testing and believed most 
families were interested in genetic evaluation, concerns 
regarding insurance authorization, lack of sufficient office 
visit time, forgetfulness, and fear of escalating parental 
anxiety limit standard of care genetic testing completion. 
These findings supported previous work in a smaller cohort 
of clinicians (Barton et al., 2018) and shed new light on the 
impact of the practice environment on ASD genetic test-
ing. To address forgetfulness, specialists may benefit from 
automated reminders or a computer decision support system 
through the electronic health record to encourage discussion 
of genetic testing options, as have been done in other pedi-
atric contexts (Marin et al., 2021; Nguyen & Menon, 2021). 
Referral to a geneticist and/or genetic counselor may allevi-
ate some of the barriers, but access to genetics specialists is 
limited (Mikat-Stevens et al., 2015). The burden of genetic 
testing often then falls upon the diagnosing clinician given 
the high prevalence of ASD at 1 in 44 children in the USA 
(Maenner et al., 2021). A team approach of building capacity 
within ASD specialty clinics for first-tier testing combined 
with select referrals to geneticists may be useful.

Fig. 3   Clinician comfort with steps in genetic testing completion
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Clinicians reported the greatest discomfort with obtain-
ing insurance authorization when compared to other 
aspects of the testing process, including at the attending 
physician level. This discomfort may be related to the 
fact that clinicians care for patients with many different 
insurance plans with frequently changing policies, which 
is extremely challenging for clinicians and their admin-
istrative staff to navigate (Barton et al., 2018). Further-
more, there was variability among clinicians’ responses 
to initial insurance denials. Some clinicians reported that 
they submit referrals to a geneticist for help, while others 
abandoned testing all together. Developing a centralized 
administrative team to assist clinicians with obtaining 
insurance authorization and designing a standard protocol 
to address insurance authorization denials may streamline 
the genetic testing process to ensure equity in access to 
standard of care genetic testing.

Clinicians reported that research-based genetic test-
ing was sometimes offered to families in lieu of clinical 
genetic testing, in part due to challenges with insurance 
authorization. It is important to note that not all research 
studies permit result disclosure and even those that do 
(such as the SPARK study) are not able to provide results 
in real time. Therefore, research-based testing should 
largely not be used as a replacement for clinical labora-
tory assessment.

While the majority of clinicians discussed basic topics 
in pre-test genetic counseling, there is room for improve-
ment. The use of CMA for copy number variant detection 
only and the possibility of identifying parental relatedness 
were rarely discussed with families. If limitations of test-
ing are not discussed, families may incorrectly assume 
that no further testing is needed or available (Cohen et al., 
2013). Additionally, revealing incidental results regarding 
consanguinity could heighten distress when unexpected 
compared to being tempered by appropriate pre-test coun-
seling (Helm et al., 2014). This suggests a role for certi-
fied genetic counselors integrated into ASD clinics and 
the development of standardized educational materials 
for clinicians to use during their visits. Certified genetic 
counselors are masters-level licensed clinicians who have 
expertise in genetics and variant interpretation, as well as 
interpersonal, psychosocial, and counseling skills. Incor-
porating a genetic counselor into multidisciplinary clin-
ics in a variety of specialties has been shown to increase 
appropriate ordering of genetic testing, more accurately 
determine risk of an underlying genetic syndrome, and 
reduce a family’s anxiety regarding genetic conditions 
(Ingles et al., 2008; Kishan et al., 2016; Knapke et al., 
2012). Given the fast-moving genetic landscape, ASD clin-
ics could benefit tremendously from genetic counselors, 
including over videoconferencing platforms (Brown et al., 
2021; Kubendran et al., 2017).

Limitations and Future Research

As this survey from a small sample focused on a single 
academic center, the generalizability of these findings may 
be limited. Non-geneticist autism subspecialists were the 
selected population of this study due to the institutional 
expectations that they recommend and consider order-
ing initial genetic testing, but the valuable perspectives of 
genetics professionals were not included. Other institutions 
may have different workflows and personnel involved, which 
could lead to different outcomes. Regardless of the process 
though, given the dearth of clinical genetics professionals 
and long wait times, innovations are needed to empower 
non-geneticist clinicians to participate in autism genetic 
testing (Stoll et al., 2018). Additional limitations include 
possible non-response bias (those who think more favorably 
about genetic testing in ASD may have been more likely to 
complete the survey), lack of perspective from the autis-
tic individual or their family, and a focus on forced choice 
instead of open-ended questions. Nevertheless, challenges 
with pre-test genetic counseling and the process of genetic 
testing were acknowledged using this anonymous ASD cli-
nician survey. Future efforts may explore the efficacy and 
stakeholder experience upon implementation of the follow-
ing interventions aimed at addressing some of the barriers 
to genetic test completion such as clinician education on 
genetic counseling, development of a standardized work-
flow for genetic testing authorization, and the integration of 
genetic counselors into clinic visits.
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