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Abstract

Despite current guidelines, few children with autism spectrum disorder (ASD) receive genetic evaluations. We surveyed
Utah pediatricians to characterize the knowledge, beliefs, current practices and perceived barriers of pediatricians regarding
genetic evaluation of children with ASD. We found over half lacked knowledge of current guidelines and many held beliefs
about genetic evaluation that did not align with guidelines. Barriers were lack of insurance coverage for genetic evaluation/
testing and long wait times to see geneticists. Pediatricians with beliefs aligned with guidelines and those aware of the role
of genetic counselors were more likely to adhere to guidelines. Efforts to educate pediatricians are needed along with system
level solutions regarding availability of geneticists and reimbursement for genetic testing.
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Autism spectrum disorder (ASD) is a behavioral phenotype
consisting of deficits in social communication skills, restric-
tive interests and repetitive behaviors (APA 2013). Advances
in genomic technology are providing an increasing under-
standing of the underlying etiologies of ASD, including the
identification of hundreds of genetic variants that increase
the risk for isolated ASD as well as genetic syndromes in
which ASD is a recognized component (Miles 2011). These
discoveries have significantly improved the diagnostic yield
of genetic testing for children with ASD. For example, the
diagnostic yield of a chromosomal microarray (CMA),
which detects chromosomal deletions and duplications is
estimated to be between 8 and 21% (Schaefer et al. 2013).
A comprehensive clinical genetic evaluation (including a
family history, physical examination and appropriate genetic
testing) has a reported diagnostic yield of 30-40% and is
expected to rise with further advances in genetic technol-
ogy (Schaefer 2016). Determining whether there is a genetic
etiology for a child’s ASD has several benefits: it empowers
families with knowledge regarding the underlying cause,
may lead to earlier identification and management of asso-
ciated medical complications, and provides more accurate
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recurrence risk counseling (Schaefer et al. 2013). Based on
increasing diagnostic yield and the potential benefits of an
etiologic diagnosis, the American College of Medical Genet-
ics (ACMG) recommends that “a genetic evaluation should
be offered to every person with an ASD (or his or family)”
(Schaefer et al. 2013). According to the American Acad-
emy of Pediatrics, the pediatrician plays an important role
in the etiologic evaluation of a child with ASD which may
entail ordering genetic tests or referring to a specialist, such
as a geneticist, who directs the laboratory evaluation (AAP
2012). Regarding genetic testing for children with ASD, the
American Academy of Pediatrics (AAP) recommends that
CMA be “offer(ed) to all patients” and the ACMG desig-
nates it as a “first tier” genetic test (AAP 2012; Schaefer
et al. 2013). Despite these recommendations, few families
of children with ASD are referred for genetic evaluation and
counseling or receive genetic testing (Cuccaro et al. 2014;
Kiely et al. 2016).

The reasons why few children with ASD receive a genetic
evaluation are unclear. However, studies focusing on the per-
spectives of parents of children with ASD have found that
most parents have an interest in pursuing a genetic evalua-
tion for their child and have a favorable view of genetic test-
ing (Li et al. 2016). Additionally, most parents believe that
there is a genetic component to their child’s ASD and those
whose children received genetic testing felt it was helpful
(Selkirk et al. 2009). Parents of children with ASD whose
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children had received a genetics evaluation were more likely
to have had the evaluation facilitated by a primary care pro-
vider (PCP) (Wydeven et al. 2012). Given that PCPs have
an important role in initiating genetic evaluation for chil-
dren with ASD, it is important to understand primary care
pediatricians’ knowledge and perceptions regarding genetic
evaluation for children with ASD. This information can pro-
vide the basis for quality improvement efforts to increase
the proportion of children with ASD who receive recom-
mended genetic evaluation and counseling. The objectives
of this study were to assess the knowledge, beliefs, practices
and perceived barriers of primary care pediatricians in Utah
regarding the genetic evaluation of children with ASD and
to identify factors associated with pediatrician self-report
of performing appropriate genetic evaluations in children
with ASD. We also wished to describe pediatricians’ expe-
riences regarding exposure to marketing and advertising
of genetic testing services for children with ASD and their
perspectives on these services as this is a relatively new
development in the genetic evaluation of children with ASD.

Methods
Participants

We recruited Utah primary care pediatricians (n =295) from
the most comprehensive list of primary care pediatricians
available, maintained by the Utah Pediatric Partnership
to Improve Healthcare Quality. We crosschecked this list
with a separate one maintained by the Utah Chapter of the
American Academy of Pediatrics in order to confirm correct
contact information. While all prospective participants were
identified within the list as primary care pediatricians, we
excluded those who reported that they either did not consider
themselves PCPs or that they did not care for children with
ASD.

Measures

In the absence of a validated tool, we designed and pilot-
tested a survey to assess pediatricians’ perceptions regarding
the genetic evaluation of children with ASD. The survey
required approximately 10 min to complete and included
22 questions in six domains: (1) demographics, (2) current
knowledge regarding genetic aspects of ASD, (3) current
practice regarding the genetics evaluation of children with
ASD, (4) perceived barriers in obtaining genetic evalua-
tion for children with ASD, (5) beliefs regarding appropri-
ate genetic referral and testing for children with ASD, and
(6) exposure to marketing and advertising of genetic testing
services for children with ASD. Survey questions (“Appen-
dix”) were created by a multidisciplinary research team with

clinical interest/expertise in ASD: two general pediatricians
(PC, PY), a genetic counselor (KD), a genetic counseling
student (AR) and a geneticist (LB).

Study Procedures

The survey was administered electronically using RED-
Cap™ software. Survey recruitment emails sent to prospec-
tive subjects described the purpose of the study, emphasized
that participation in the study was voluntary, that responses
would remain anonymous, and included a link to the online
survey. No incentives were offered for study participation.
Follow up recruitment emails were sent up to three times
to non-responders. The Institutional Review Board of the
University of Utah exempted the study from review.

Data Analyses

Descriptive statistics summarized pediatrician responses to
questions within the survey. We then identified a cohort of
pediatricians within the study pool who self-reported per-
forming an appropriate genetic evaluation for children with
ASD, defined, as “always” initiating a discussion regarding
the genetic aspects of ASD with families of children with
ASD or offering a genetics referral for all children with ASD
at some point during their care. We based this definition on
the practice guidelines from the AAP and ACMG reviewed
earlier (Schaefer et al. 2013; AAP 2012). We then compared
this cohort with the rest of study participants (not perform-
ing appropriate genetic evaluation) to identify pediatrician-
level factors (independent variables) associated with per-
forming an appropriate genetic evaluation of children with
ASD (dependent variable) using Chi square in univariate
analysis. Pediatrician level factors (independent variables)
for these analyses included: practice location (urban versus
suburban, rural/frontier), number of patients with ASD cared
for (1-20, > 20), years since completing residency (<10,
>11), participation in ASD-related educational activities
with Maintenance of Certification (MOC) credit (y/n), hav-
ing a clinical interest in the care of children with neurode-
velopmental disabilities (y/n), having knowledge of clinical
guidelines regarding genetic evaluation of all children with
ASD (y/n), having a belief that all children with ASD be
offered either genetic referral or testing (y/n), perception
of few barriers to obtaining genetic evaluation for children
with ASD (<2 out of a possible 7), having knowledge of the
roles of a genetic counselor (y/n), having seen ASD genetic
testing advertisements (y/n) or having been marketed to by
a representative of a commercial ASD genetic testing com-
pany within the past year (y/n). We then identified associa-
tions between the independent variables (pediatrician-level
factors) and the dependent variable (appropriate genetic
evaluation) using multivariable logistic regression in order
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to control for potential confounding variables and to report
adjusted odds ratios. We performed analyses with STATA
14.0 (StataCorp, College Station, Tex).

Results

Of the 295 survey invitations sent to pediatricians, 119
(40%) submitted a completed survey. Among these, 108
met inclusion criteria (considered themselves PCPs and
reported caring for children with ASD) and were analyzed.
Table 1 shows the characteristics of the pediatricians within
the study sample. Nearly 60% of pediatricians reported car-
ing for between 11 and 30 patients with ASD. Nearly all

Table 1 Characteristics of study participants

Demographic Total Response
response  rate n
(%)

Number of children with ASD under PCP 108

care*

1-10 25 (23%)

11-20 38 (35%)

21-30 26 (24%)

>30 9 (8%)
Not sure 10 (9%)
Primary practice location 108

Urban (city) 32 (30%)

Suburban (residential district) 70 (65%)

Rural or frontier (countryside) 6 (6%)
Years since PCP finished residency 108

Less than 5 years 20 (19%)

5-10 years 17 (16%)

11-15 years 18 (17%)

More than 15 years 53 (49%)
Educational activities regarding ASD PCPs 108

have participated in within the last 2 years

(select all that apply)

Workshop(s) or learning collaborative for 29 (27%)

Maintenance of Certification credit
Grand rounds or other didactic presenta- 58 (54%)
tions

Reading of journal articles 82 (76%)

No training 9 (8%)

Other 4 (4%)
The care of children with neurodevelopmen- 108

tal disabilities such as ADHD, ASD, and

Intellectual Disability is the PCP’s clinical

interest

Yes 68 (63%)

No 40 (37%)

Bold values indicate statistical significance at p <0.05
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practiced in urban (30%) or suburban (65%) locations, and
almost half had been in practice more than 15 years. Almost
all (92%) reported participation in educational activities
related to ASD, and 27% had received MOC credit for an
ASD-related educational activity. Nearly two-thirds reported
having a clinical interest in caring for children with neurode-
velopmental disabilities.

Knowledge

With regards to pediatricians’ knowledge of the genetic
aspects of ASD, 44% correctly identified the diagnostic yield
of CMA (Schaefer et al. 2013), 47% correctly identified the
ASD recurrence risk for younger siblings (Ozonoff et al.
2011) and 55% had knowledge of clinical guidelines regard-
ing genetic evaluation of all children with ASD (Schaefer
et al. 2013). Fourteen percent of pediatricians correctly
answered all three knowledge questions.

Beliefs

Figure 1 shows pediatricians’ beliefs with regard to genetic
evaluation (referral and testing) of children with ASD.
Approximately one-quarter of respondents believed that all
children with ASD should be offered genetic referral (21%)
and testing (24%). The remainder either believed that some
should be offered referral (49%) and testing (45%) or were
undecided (30% and 31% respectively).

Practice

Regarding pediatricians’ practice in the care of children with
ASD (Fig. 2), 9% reported consistently initiating a discus-
sion regarding the genetics of ASD, while 24% never initi-
ated this discussion. Eighteen percent reported offering a
genetics referral to all families of children with ASD, while
60% reported selectively referring to genetics when indi-
cated by physical exam or review of the history. A major-
ity of pediatricians reported that they either never ordered
genetic testing (34%) or did so only after a recommendation
by a specialist (36%). A small minority (12%) would order
testing upon a family’s request (Fig. 3). Among those who
had ordered genetic tests, 56% typically obtained CMA, 36%
obtained DNA for Fragile X Syndrome and 12% obtained
a karyotype (data not shown). A majority of pediatricians
estimated that fewer than 25% of their patients with ASD
had been referred to genetics or received genetic testing or
(Fig. 4).

Barriers

When asked to identify any of seven potential barriers in
obtaining specialist consultation for a genetic evaluation for
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Fig. 1 Beliefs of pediatricians
regarding the proportion of ) 21%
children with ASD who should All children 4%
be offered genetics referral and
genetic testing (n=108)
0%
No children
0%
49%
Some children
45%
30%
Not sure/Undecided
31%
0% 10% 20% 30% 40% 50% 60%
Proportion of children who should be offered genetics referral
Proportion of children who should be offered genetic testing
Always PCPs about genetic testing and interpretation. Overall, 34%
Never 9% of pediatricians reported that genetic counselors had played
24% an important role in the interpretation of genetic testing for
patients with ASD, while 18% reported no experience with
a genetic counselor in this area (data not shown).
Most of the time We also assessed pediatricians’ exposure to marketing
28% and advertising of genetic testing for children with ASD.
When asked how often representatives of commercial
genetic testing companies marketed their products or ser-
vices in person, 37% reported that they had been approached
Sometimes in the last year and 30% had been exposed to advertisements
39% for genetic tests for children with ASD. Some 26% had uti-

Fig.2 Proportion of pediatricians who initiate a discussion regarding
genetic aspects of ASD with families of children with ASD (n=108)

children with ASD, 95% of pediatricians reported at least
one (Fig. 5). Common barriers cited were long wait times
to see a geneticist (74%), lack of insurance coverage (55%),
and not knowing which children with ASD to refer (38%)
Common barriers to obtaining genetic testing in children
with ASD were lack of insurance coverage (71%), prohibi-
tive cost of testing (55%), lack of confidence in ordering
the correct test (49%), difficulty obtaining authorization for
testing from insurers (47%), difficulty in interpreting the test
results (40%) and lack of confidence in counseling families
about the health implications of genetic testing results for
parents and other family members (36%) (Fig. 6).

When queried about the role of genetic counselors in
ASD, the majority of pediatricians correctly identified that
these professionals counsel families about genetic testing
(72%) and recurrence risk (78%); however, a minority (38%)
viewed genetic counselors as being available to counsel

lized ASD-related products or services of the genetic testing
companies and among those, 46% were satisfied with the
services, 18% were dissatisfied, and 36% were undecided
(data not shown).

Table 2 summarizes the assessment of pediatrician factors
associated with performing an appropriate genetic evalua-
tion (self-report of “always” initiating a discussion regarding
the genetic aspects of ASD with families of children with
ASD or report of offering a genetics referral for all children
with ASD at some point during their care). In univariate
analysis, pediatricians whose knowledge and beliefs aligned
with clinical guidelines regarding genetic evaluation of all
children with ASD and those who correctly identified all of
the roles of a genetic counselor were more likely to report
performing appropriate genetic evaluations of children with
ASD within their practice. Two of these factors (belief that
all children with ASD receive genetics evaluation and aware-
ness of all of the roles of a genetic counselor) remained
significant in multivariate analysis.
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Not done for any children 2
15%

18%

Done with recommendations from specialist
Selectively done based on exam or history

12%

Done based on family's request z

16%
2%
Done for all children
0% 10%

Genetic testing

Fig. 3 Pediatricians’ practices regarding genetics referrals and genetic testing (n=108) for children with ASD

76-100% 5 0/1 _
51-75% | 0/?%
26-50% 10% =
Less than 25%
0% 10% 20% 30% 40%

Genetic testing

34%
36%
37%
60%
20% 30% 40% 50% 60% 70%
Genetics referral
66%
87%
50% 60% 70% 80% 90% 100%

Genetics referral

Fig.4 The proportion of children with ASD in pediatricians’ care who receive genetic referrals (n=91) and genetic testing (n=105)

Discussion

Although our study should be considered preliminary given
its scope (limited to pediatricians within Utah), this study
is the first to evaluate pediatricians’ knowledge, beliefs, and
practices regarding genetic evaluation of children with ASD,
as well as perceived system level barriers to access and use
of genetic services. We found that there were significant
gaps in pediatricians’ knowledge of clinical guidelines rec-
ommending genetic evaluation of all children with ASD. In
addition, beliefs of pediatricians within our study often did
not align with these guidelines. Finally, pediatricians report
significant barriers to the access and use of genetic services.
Taken together these provide insight into why pediatricians

@ Springer

reported poor adherence to implementing clinical guide-
lines into their practice and suggest potential solutions. Our
findings align with one previous study of community and
specialty pediatricians which found variability in physician
knowledge and underutilization of genetic testing in chil-
dren with developmental delay/intellectual disability and
ASD (Peabody et al. 2015). A previous survey of parents of
children with ASD showed that they rarely access genetic
counseling, referral, or testing for their children, despite a
desire for these services (Cuccaro et al. 2014). In our study
only 9% of pediatricians surveyed consistently initiate dis-
cussions with families of children with ASD regarding the
genetic aspects of ASD, and only 18% offer genetics refer-
ral to all patients with ASD, which suggests that focusing
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Unaware of a genetics referral service or specialty clinic in
my area

No significant barriers in obtaining genetic services for
children with ASD

Lack of communication with geneticists and genetic
counselors

Lack of available clinics in the area

Lack of parental interest in receiving a genetic evaluation
Don't know which children with ASD to refer to genetics
Lack of insurance coverage for a genetic evaluation

Long wat time to see a geneticist

0%

4%
5%
10%

15%
22%
38%

55%

74%

10% 20% 30% 40% 50% 60%

70%  80%

Fig.5 Pediatrician identified barriers in obtaining genetic evaluation for children with ASD (n=108)

No significant barriers in obtaining genetic testing for children 3%
Time needed to explain the results of a genetic test to a family | 4%
Lack of reimbursement for the time spent ordering and reviewing test results 7%
Potential for social or insurance discrimination
Potential for families to develop anxiety surrounding results
Lack of professional guidelines
Lack confidence in counseling patients about impact for families
Lack confidence in interpreting test results
Difficulty in obtaining prior authorization for genetic testing
My confidence level in ordering the correct genetic test(s)
The cost of testing is prohibitive to patients

The lack of insurance coverage for testing

0%

10%

12%
13%

30%
36%
40%
47%
49%
55%
71%

20% 30% 40% S50% 60% T0%  80%

Fig. 6 Pediatrician identified barriers in obtaining genetic testing for children with ASD (n=108)

interventions on primary care pediatricians may increase the
proportion of children with ASD who receive appropriate
genetic evaluations.

Our findings need to be interpreted within the context of
several limitations. First, our study population of pediatri-
cians from Utah may not be representative of all pediatri-
cians with regards to knowledge, beliefs, practices and barri-
ers faced. For example, the wait time for a genetic evaluation
in Utah may differ from wait times in other states. Second,
the low-response rate may have enriched the final study
group with pediatricians who have an interest in neurodevel-
opmental disabilities. However, if that is the case we would
expect such a cohort to have greater knowledge of, and

adherence to clinical guidelines around genetic evaluation of
children with ASD, in which case the findings might actually
underestimate gaps in knowledge and practice of the larger
population of pediatricians. Lastly, we were not able to ver-
ify if survey responses accurately reflected the true clinical
practice of the participants. Future studies using adminis-
trative data from healthcare systems will provide a clearer
picture of the nature and extent to which children with ASD
receive appropriate genetic evaluations. Despite these limita-
tions, our study indicates that efforts to increase the propor-
tion of children with ASD who undergo genetic evaluation
will need to extend beyond simply increasing knowledge of
guidelines and will need to consider pediatricians’ beliefs
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Table 2 Pediatrician factors associated with self-report of appropriate genetic evaluation of children with ASD, univariate and multivariate anal-

ysis

Pediatrician factor

Univariate analysis

Multivariate analysis

Appropriate Not appropriate  p Adjusted OR (95% CI) p
genetic evalu-  genetic evalu-
ation ation
n (%) n (%)
Practice location Urban (n=32) 7(22) 25 (78) 0.924 1.22 (0.26-5.80) 0.797
Rural/suburban (n=76) 16 (21) 60 (79.0)
Number of patients with ASD (n=98) 1-20 (n=63) 10 (16) 53 (68) 0.135 2.56 (0.62-10.65) 0.195
>20 (n=35) 10 (29) 25 (71)
Years since residency <10 years (n=37) 6 (16) 31 (84) 0.352 0.68 (0.16-2.91) 0.599
>11 years (n=71) 17 (24) 54 (76)
ASD educational activity with MOC Yes (n=29) 8(28) 21(72) 0.333 1.87 (0.45-7.81) 0.390
credit No (n=79) 15 (19) 64 (81)
Clinical interest in care of children with Yes (n=68) 16 (24) 52(76) 0.460 0.91 (0.25-3.38) 0.892
developmental disabilities No (n=40) 7 (18) 33 (82)
Knowledge of clinical guideline Yes (n=59) 18 (31) 41 (69) 0.010 1.53 (0.39-6.06) 0.158
No (n=49) 5(10) 44 (90)
Belief to offer all children with ASD Yes (n=31) 16 (52) 15 (48) <0.001 10.19 (2.66-39.06) 0.001
referral or testing No/undecided (n=77) 7 (9) 70 (91)
Barriers to obtaining genetic evaluation <2 of 7 (n=30) 4 (13) 26 (86) 0.210 0.52 (0.10-2.66) 0.432
>20f7 (n=78) 19 (24) 59 (76)
Knowledge of all roles of a genetic Yes (n=24) 9 (37) 15 (63) 0.028 5.54 (1.24-24.69) 0.025
counselor No (n=84) 14 (17) 70 (83)
Saw ASD genetic testing advertising Yes (n=32) 9 (28) 23 (72) 0.261 0.96 (0.20-4.68) 0.965
No (n=76) 14 (18) 62 (82)
Marketed to by ASD genetic testing Yes (n=40) 10 (25) 30 (75) 0.471 0.55(0.11-2.88) 0.482
company No (n=68) 13 (19) 55 (81)

Bold values indicate statistical significance at p <0.05

n=108 unless indicated

as well as address system level barriers to obtaining genetic

evaluation.

It is not entirely clear why over half of pediatricians in

this study who had knowledge of clinical guidelines call-
ing for genetic evaluation of all children with ASD did not
believe that all children with ASD should be offered genetic
evaluation. One possibility is that pediatricians, while aware
of guidelines, may have reservations regarding the recom-
mendation of universal genetic evaluation and testing for
children with ASD. For example, one recent study indicated
that clinicians tend to refer children with ASD to genetics
based on the presence of distinctive physical features, epi-
lepsy, family history of ASD and severity of developmental
delay rather than taking a universal approach (Barton et al.
2017). Other studies have shown that children with ASD
and co-morbid intellectual disability (ID) were more likely
to receive genetic testing and counseling compared with
those without ID, supporting the notion that referrals and
testing are likely skewed towards the more severely affected
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children with ASD (Shea et al. 2014; Tchaconas and Ades-
man 2017; Kiely et al. 2016). These studies seem to indicate
that providers may reserve genetic evaluation and testing for
children in whom they believe have a higher probability of
a positive finding. Previous studies further suggest that the
diagnostic yield of genetic testing could indeed be higher
among children with co-morbid ID or dysmorphic physical
features, though another study found no association between
CMA result and co-morbid features. Additionally, some pro-
viders perceive that positive results from genetic testing in
children with ASD often do not result in changes in clinical
management, leading them to question whether the benefits
of testing justify the cost (Barton et al. 2017). In the case of
CMA testing in children with ASD, however, a recent study
found that that almost 30% of patients with positive results
led to changes in clinical management including making
medical referrals, ordering specific diagnostic imaging or
ordering laboratory testing (Coulter et al. 2011).
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A previous nationally representative study of children
with ASD found that only 34% received genetic testing,
concluding that more research is needed to identify barri-
ers to the use of genetic testing in this population (Kiely
et al. 2016). The pediatricians in our study identified numer-
ous barriers to obtaining testing for children with ASD that
should be addressed in order to increase the number of chil-
dren who receive appropriate genetic evaluations. The most
prevalent reported barriers included the long wait times to
see a geneticist, lack of insurance coverage for genetic evalu-
ation and testing and lack of confidence in knowing which
genetic test(s) to order. The barriers we have identified in
our study are similar to barriers identified by pediatricians
when considering genetic evaluation and testing in other
patients, regardless of ASD status (Saul et al. 2017). Long
wait times for genetic consultations pose a delay and are
frustrating for families; however, it is unclear why it would
lead to not pursuing a genetic evaluation at all. In a previous
study, 77% of parents whose children with ASD who saw a
geneticist also obtained genetic testing. This may indicate
that insurance coverage and cost of testing is less of a bar-
rier than pediatricians perceive, but perhaps the barrier lies
more in the process required to obtain these services (e.g.,
preauthorization).

Our findings suggest that genetic counselors might play
an important role in facilitating genetic evaluations for chil-
dren with ASD. Through pedigree interpretation and genetic
variant analysis, genetic counselors can assist families and
PCPs in interpreting genetic testing for the child with ASD
and identify the recurrence risk for subsequent children.
Pediatricians in our study who fully understood the role
of genetic counselors were more likely to report obtain-
ing appropriate genetic evaluations. Pediatricians reported
lack of confidence in knowing which children with ASD
to refer, which should receive testing, which tests to order,
how to interpret the testing and how to explain results to
families. These are all areas in which genetic counselors can
effectively collaborate with pediatricians. With a shortage
of medical geneticists, genetic counselors can also assist in
triaging which patients with ASD need consultation with
geneticists and which patients could be tested prior to a for-
mal referral. Although we could find no examples in the
literature evaluating this approach, it is one that should be
considered as a means of facilitating timely genetic evalu-
ations or ones that otherwise might not be accomplished.

Commercial genetic companies, whose advertising and
marketing reached about one-third of our cohort and whose

testing was used by about one-fourth, are a departure from
the norm in that they offer genetic testing that bypasses the
traditional evaluation done by a geneticist. These companies
typically utilize genetic counselors rather than geneticists
to review the genetic tests ordered and the results of test-
ing with families and/or physicians and further study of this
method is needed to ensure the appropriateness of the testing
that is performed. About half of pediatricians in our study
who utilized these services reported satisfaction, suggesting
that commercial genetic companies may aid in completion of
genetic testing bypassing perceived barriers including long
wait times to see a geneticist.

Conclusions

In this survey of primary care pediatricians, we have identi-
fied gaps in knowledge, beliefs that often do not align with
clinical guidelines, and barriers in obtaining appropriate
genetic evaluation of children with ASD. Quality improve-
ment efforts to increase genetic evaluation and testing of
children with ASD should focus on provider education that
includes data supporting the rationale for universal testing in
order to address beliefs about the need for such testing, and
address system level barriers that may in part be overcome
by greater reliance on genetic counselors.
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Appendix: Pediatrician survey

The following questions are about your practice:

@ Springer

1.

Do you consider yourself a primary care pediatrician?

O Yes
O No, If no then EXIT

Do you provide primary care for children with ASD?
O Yes
O No, If no then EXIT

Approximately how many patients with ASD are under your care?
o 1tol0

11t0 20

21to0 30

>30

Not sure

Ooooano

Please indicate your primary practice location by checking one of the options below:

Urban (city)
Suburban (residential districts)
Rural or frontier (countryside)
Other (please specify):

OooOooao

How many years since you finished residency training?

Less than 5 years

5 to 10 years

11 to 15 years
More than 15 years

OooOooao

Have you participated in any of the following educational activities regarding ASD
within the last 2 years (Please indicate all that apply.)?

Workshop(s) or learning collaborative for Maintenance of Certification credit
Grand rounds or other didactic presentations

Reading of journal articles

No training

Other (please indicate):

Oooooao

Do you consider the care of children with neurodevelopmental disabilities such as
ADHD, ASD, and intellectual disability one of your clinical interests?
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O Yes
O No

The following questions address your current knowledge regarding the genetic aspects of
ASD:

8. What is risk of ASD in a child who has an older sibling with ASD?

<1%

1 to 10%
11 to 25%
26 to 50%
51 to 75%
76 to 100%

Ooooooao

9. A chromosomal microarray (CMA) is a genetic test that aids in the identification of a
specific etiologic diagnosis in children with ASD. What is the rate of success of CMA in
identifying a specific etiologic diagnosis in children with ASD?

<1%

1 to 5%

6 to 20%
21 to 50%
>50%

Oooooano

10. According to current clinical guidelines, a genetics evaluation should be offered to all
children with ASD.

O True
O False

The following questions address your current practice regarding the care of children with
ASD:

11. Iinitiate a discussion regarding genetic aspects of ASD with families of children with
ASD for whom I am the primary care provider:

Always

Most of the time
Sometimes
Never

Oooao

12. My practice for referring children with ASD for a genetics consult (a visit with a
geneticist/genetic counselor) is described by the following (Please indicate all that apply):

O [ offer a referral to all children with ASD at some point during their care
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I refer upon a family’s request

I selectively refer when indicated on my exam or review of the child’s history

I do not refer any children with ASD (If this response selected, skip to question 14)
Other (please specify)

OooOooo

13. What percentage of families of children with ASD in your care have you offered a
referral to a geneticist/genetic counselor?

O Less than 25%
O 26to 50%

O 51to75%

O 76to 100%

14. My practice for ordering genetic testing for children with ASD is described by the
following (Please indicate all that apply):

I order genetic testing for all children with ASD.

I order genetic testing upon a family’s request.

I order genetic testing when indicated on my exam or review of the child’s history.
I order genetic testing based on recommendations from a specialist (geneticist,
genetic counselor, neurologist or developmental pediatrician)

I do not order genetic testing for children with ASD. (If yes, skip to question 17)
O Other (please specify)

OoOooao

O

15. The genetic test(s) that I typically order for children with ASD include (Please indicate
all that apply):

Karyotype
Chromosomal microarray (CMA)
DNA for Fragile X syndrome

Other (please specify)

Ooooaod

16. What percentage of children with ASD in your care have undergone genetic testing?

Less than 25%
26 to 50%

51 to 75%

76 to 100%

OooOooao

The following questions address possible barriers you perceive in obtaining genetic services
for children with ASD:

@ Springer

17. Please identify any of the following factors that are significant barriers in obtaining a
genetic evaluation of children with ASD (Please indicate all that apply.).
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18.

O

O

Not applicable — I do not refer children with ASD for a genetic evaluation.

The long wait time to see a geneticist.

The lack of parental interest in receiving a genetic evaluation

The lack of available genetics clinics in the area

I am unaware of a genetics referral service or genetics specialty clinic in my area
I do not know which children with ASD are appropriate to refer to genetics

The lack of communication with geneticists and genetic counselors.

The lack of insurance coverage for a genetic evaluation

I don’t face any significant barriers in obtaining genetic services for children with
ASD

Other (please specify)

Please identify any of the following factors that pose a significant barrier in ordering
genetic testing for children with ASD (Please indicate all that apply.).

O

O

Not applicable — I do not offer children with ASD genetic testing.

The lack of insurance coverage for such testing

My confidence level in counseling patients about health impact for extended family

members and for future pregnancies
My confidence level in ordering the correct genetic test(s)
My confidence level in interpreting genetic test results

The lack of available professional guidelines concerning the ordering of genetic
testing

The potential for families to develop unwanted anxiety surrounding the results of the

genetic test

The potential for social or insurance discrimination as a result of a positive genetic
test.
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O The amount of time needed to explain the results of a genetic test to a patient

O The lack of reimbursement for the time spent ordering genetic tests or counseling
patients on the results of genetic testing.

O The level of difficulty in obtaining prior authorization for genetic testing.

O The cost of testing is prohibitive to patients.

O Idon’t face any significant barriers in obtaining genetics testing for children with
ASD

O Other (please specify)

The following questions address your beliefs about genetic referral and testing for children
with ASD:

19. A genetics referral should be offered to which proportion of children with ASD?

O All children with ASD

O No children with ASD

O Some children with ASD
O Not sure/undecided

20. Genetic testing should be offered for which children with ASD?

O All children with ASD

O No children with ASD

O Some children with ASD

O Not sure/undecided

21. In my experience, genetic counselors have played an important role in the interpretation
of genetic testing for patients with ASD.

Yes

No

I have not had experience with a genetic counselor in this area.
Not sure/undecided

OooOoao

22. My perception of the role of a genetic counselor in the care of children with ASD is...
(Please indicate all that apply):

O Someone who orders genetic testing for patients

O Someone who counsels patients about genetic testing
O Someone who counsels patients about recurrence risk
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O Someone who counsels primary care physicians about genetic testing and test

interpretation

O I am not familiar with the role of genetic counselors in the care of children with ASD

The following questions address your exposure to marketing and advertising of genetic

testing for children with ASD:

23. How often have representatives of commercial genetic testing companies marketed their
ASD products or services to you in person?

O Once in the last year
O Multiple times over the last year

O Ihave not been approached in the last year

24. How often have you seen advertisements from commercial genetic testing companies

regarding ASD?

O Once in the last year
O Multiple times over the last year
O Not at all in the last year

25. How often have you utilized the products or services of commercial genetic testing

companies for a child with ASD?

O Once in the last year
O Multiple times over the last year

O Ihave not utilized products or services in the last year

26. How satisfied have you been with the genetic testing products or services you have
received through the commercial companies you have been exposed to through

advertising or representatives?

Unsure/undecided

OooOo0oao

representatives
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