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Abstract

Objectives: To assess paediatricians’ use of genetic testing for children with global developmental
delay (GDD).

Study Design: We developed and piloted a questionnaire assessing the use of genetic tests in children
with GDD and awareness of relevant guidelines. All practicing Quebec paediatricians were contacted.
Paediatricians who did not evaluate children with GDD in their practice were excluded. Descriptive
and statistical analyses were performed with SPSS.

Results: Of the 651 paediatricians, 225 answered (34.5%) and 141 were eligible. Only 31.9% were
familiar with at least one guideline about genetic tests for the investigation of children with GDD,
but 93.6% had ordered genetic testing for children with GDD (Fragile X testing [92.9%], karyotype
[87.2%] and chromosomal microarray [63.8%]). Based on vignettes, 20.6% of participants would
order genetic tests for isolated GDD and 95.0% for GDD with dysmorphic features and microcephaly.
Only 56.7% ordered Fragile X testing for a girl with GDD and a known family history of Fragile X syn-
drome. Use of tests for isolated GDD was increased in presence of maternal pregnancy, compared with
absence of pregnancy (44.7% and 27.7%, respectively). More participants would order genetic tests for
a child with GDD and fetal exposure to alcohol (69.5%) than isolated GDD (20.6%).

Conclusions: Even though paediatricians often order genetic testing for children with GDD, prac-
tices and knowledge regarding testing are not optimal. As new and more complex genetic tests are
developed, up-to-date training about the use of genetic tests for children with GDD needs to be inte-
grated into paediatrics residency programs and continuous medical education.

Keywords::  Bioethics; Chromosomal microarray; Clinical ethics; Fragile X; Genetic testing; Global
developmental delay.

Global developmental delay (GDD) affects 1% of children aged
0 to 4 years in Canada (1). GDD is defined as significant delay in
at least two spheres of development, including language, motor
development, socialization and adaptive functioning. It can be
associated with other conditions (e.g., epilepsy, autism spectrum

disorder, etc.) or physical features (e.g., microcephaly, dysmorphic

features, etc.) (2-6). GDD is considered isolated when it is not
associated with other conditions or physical features.

GDD is due to genetic causes in 17% to 47% of cases and
to exogenous causes (teratogens, infections) in 18% to 44%
of cases (2). Common genetic causes include chromosomal

rearrangements and monogenic diseases. The evaluation of
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children with GDD is the topic of clinical practice guidelines
in the USA (2-6). It is thought that identifying the underly-
ing genetic cause of disease will improve clinical management
through anticipatory guidance and better access to appropri-
ate supportive services, and enable parents to make informed
reproductive decisions about future pregnancies (7).

Recommendations about the use of genetic tests to inves-
tigate children with GDD have been issued by the American
Academy of Pediatrics (AAP), the American Academy of
Neurology (AAN) and the American College of Medical
Genetics (ACMG) (Table 1) (2-6). They are based on expert
consensus, relying on available evidence on test diagnostic
yields. All guidelines agree on the use of molecular testing for
Fragile X syndrome (thereafter mentioned as ‘Fragile X test-
ing’) as a first-line test. Karyotype was considered the first-line
test for chromosomal anomalies in children with GDD, but
has been replaced by array comparative genomic hybridization
(aCGH) in recent guidelines (2-6). Fluorescent in situ hybrid-
ization (FISH) for specific microdeletions were considered
second-tier tests and have also now been replaced by aCGH.
First-line testing (Fragile X testing and now aCGH) is the same
for isolated and nonisolated GDD (2-6). For other tests, guide-
lines vary in their recommendations: the AAN recommends
Rett Syndrome testing when clinical presentation is suggestive,
and metabolic testing is considered second-tier testing by the
AAP and the AAN (2,3).

Despite available guidelines, there is little information about
how such tests are used by providers, or about providers’ knowl-
edge of guidelines. In Quebec, karyotype and Fragile X testing
have been available for many years, and aCGH started being
widely available to paediatricians in 2011.

The goal of this study is to assess paediatricians’ reported
use of genetic tests for children with GDD and assess paedia-
tricians’ knowledge of clinical practice guidelines about genetic
testing for children with GDD.

METHODS

Participants

All paediatricians (N=651) in the province of Quebec (Canada)
were invited to participate by mail. Names and addresses were
obtained from publicly available contact information on the
College des Médecins du Québec website. Paediatricians who
reported not evaluating children with GDD as part of their

practice were excluded.

Questionnaire

The questionnaire was developed based on a review of professional
guidelines on genetic tests in children with GDD. The first version
of the questionnaire was pilot-tested by one medical geneticist, two
paediatric neurologists, one paediatrician specialized in neurode-
velopment and three general paediatricians. Cognitive debriefing
was done with each pilot-tester. Based on piloting and feedback,
the questionnaire was finalized. It contains 42 questions: 11 on
demographic information, 6 on participants’ use of genetic tests,
2 on participants’ perception of the utility of test results, 17 on 8
clinical vignettes, 2 on impact of patient characteristics on test use
and 4 on awareness and use of guidelines. It also included a short
description of aCGH. Questions were multiple-choice questions,
except for questions on utility of test results and impact of patient
characteristics for which we used 6-point Likert scales, to avoid

neutral results. An option to write-in short answers was offered

Table 1. Summary of recommended genetic investigations for children with global developmental delay: Guidelines available at the time

of the study (2013-2014)

Professional organization AAP? AAN* ACMG**
Year 2006 2003 2005-2007
Test
Karyotype Yes* Yes Yes®
aCGH -* -* Yes®
FISH for specific region -- -- If suspected®
Fragile X testing Yes Yes Yes*
Other single gene tests or gene Testing for Rett syndrome may --
panels be considered in girls with
moderate to severe GDD
Metabolic tests As second tier, after karyotype Not as first tier -

and Fragile X testing

AAP American Academy of Pediatrics; AAN American Academy of Neurology; ACMG American College of Medical Genetics; aCGH array
comparative genomic hybridization; FISH fluorescence in situ hybridization; GDD global developmental delay.

*An evidence report was issued by the AAN in 2011 on genetic and metabolic testing on children with global developmental delay, focusing on

the evidence of diagnostic yield of genetic tests, including aCGH. No formal recommendations were made in this evidence report, but the authors

concluded that diagnostic yield should be considered in the choice of tests. This report was also endorsed by the AAP.
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Parental consanguinity (4.25)

Microcephaly (4.22)

Abnormal neurological exam (4.11)

Physical appearance different from parents (3.78)

(
Family history of developmental delay (3.83)
(

Presence of autistic traits (3.76)

Seizures (3.74)

Presence of at least 2 minor anomalies (3.39)
Exposure to toxins (3.22)

Current maternal pregnancy (3.04)
Child’s gender (3.00)
Ethnicity/geographical origin (2.94)

Parental anxiety (2.54)

2
=

@ Very important @ Moderately important

20%

@ Mildly important

40% 60% 80% 100%

Not important No answer

Figure 1. Importance of clinical characteristics influencing the decision to order a genetic test for a child with GDD (n=141). Clinical characteristics are
ordered based on % of paediatricians who answered ‘very important’, from highest to lowest %. Average score on Likert scale (from 0—Not important to
S—Very important) is in parenthesis next to each clinical characteristic. Categories 1 to 2 were grouped into ‘mildly important” and 3 to 4 into ‘moderately

important’.

or developmental paediatricians (8.5%). 45.4% practiced in an
academic centre. Average years of experience were 21.2 years
(SD 11.9). Compared to all Quebec paediatricians, gender
distribution was not significantly different (P=0.09) (8). The
average age of Quebec paediatricians was S0 years old (8), com-
pared to our sample where 55% of respondents were over S0.

Reported use of genetic tests for children with GDD
The majority of participants (93.6%) reported having used
genetic tests for children with GDD. Karyotype (92.9%), Fragile
X testing (87.2%) and FISH (68.1%) for specific microdeletion
syndromes (e.g,, DiGeorge/VCF syndrome, Williams syndrome,
etc.) were the three tests most frequently used. In addition, 35.5%
reported having used molecular tests to look for specific genetic
conditions, such as Rett syndrome. Most (63.8%) had used
aCGH at least once and 88.7% had heard of aCGH.

When asked how they would use aCGH, 68.1% participants
would order it for children with GDD and dysmorphic features,
28.4% would order aCGH for all children with GDD and 34.0%
for a child with a family history of developmental delay.

When asked what motivates their use of genetic tests for chil-
dren with GDD, participants reported that genetic testing helped
clarify patients’ diagnosis (97%) and prognosis (96%), improved
ability to provide reproductive genetic counselling (94%),
increased access to rehabilitation services (84%), and decreased
the number of subsequent medical investigations (71%). Gender,
age, subspecialty (developmental paediatrics) and practice set-
ting were not associated with participants’” answers.

Reported use of genetic tests for GDD in different
clinical scenarios
Participants were asked about their use of genetic tests using

eight vignettes describing clinical scenarios of children with

GDD (Table 2). Only 20.6% would order genetic tests for
isolated GDD, even though guidelines recommend karyo-
type and/or aCGH and fragile X testing in all cases of GDD.
Participants were more likely to order genetic tests when addi-
tional features were present, such as microcephaly/dysmorphic
features, associated neurological conditions, or a family history
of fragile X syndrome. For a child with GDD with dysmorphic
features and microcephaly, 5% of participants would not order a
genetic test. Only 56.7% ordered Fragile X testing for a girl with
GDD with a known family history of Fragile X syndrome in
her maternal cousin. Use of tests for a child with isolated GDD
was significantly higher in presence of maternal pregnancy
(P<0.0001), but not parental anxiety (P=0.16). Participants
order significantly more genetic tests for a child with GDD and
a history of fetal exposure to alcohol than in the case of isolated
GDD (P<0.0001). Gender, subspecialty (developmental paedi-
atrics), age and practice setting were not associated with partic-
ipants’ answers.

Clinical characteristics influencing the decision to
order a genetic test

Based on average scores on the Likert scale, the three most
important factors identified by participants were, in order of
importance, parental consanguinity, microcephaly, abnormal
neurological exam (Figure 1). Demographic factors were not

associated with participants’ answers.

Knowledge of guidelines about the use of genetic tests
for children with GDD

Only 31.9% of participants knew of at least one guideline. The
AAP recommendations were the most well-known: 27% were
familiar with AAP recommendations (2). Only 7.1% were
familiar with the ACMG guideline on Fragile X syndrome
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(4) and 2.8% were familiar with the ACMG guideline on
cytogenetic tests (S). Only 6.4% were familiar with the AAN
recommendations (3). Developmental paediatricians were sig-
nificantly more familiar with at least one guideline than general
paediatricians (P=0.001). Developmental paediatricians were
also more likely to be familiar with the ACMG guideline on
Fragile X syndrome (P=0.014) and the ACMG guideline on
cytogenetic tests (P<0.001) (4,5).

DISCUSSION

Paediatricians tended not to order genetic tests for all children
with GDD, despite recommendations. This was especially true in
the case of isolated GDD. Karyotype, Fragile X testing and aCGH
are, as expected, the most frequently used genetic tests in children
with GDD, but are not used as often as would be expected based
on guidelines (Table 2) (2-6). Only 56.7% ordered Fragile X test-
ing for a girl with GDD with a known family history of Fragile X
syndrome. Recommendations for Fragile X testing are not based on
gender: Fragile X syndrome can be as severe in girls, even though
penetrance is not as high. It is the vignette with the highest use of
Fragile X testing, but we expected a much higher use of Fragile X
testing since the likelihood of the diagnosis is high. In the case of
fetal exposure to alcohol, participants ordered genetic tests, presum-
ably to rule out an underlying genetic cause. Still, we were surprised
to observe that the use of genetic tests was over three times higher
than for isolated GDD: we would have expected the use of genetic
tests to be equal or lower than for isolated GDD with no risk factors.

Paediatricians’ use of tests was influenced by external factors,
such as maternal pregnancy. It is understandable to pursue test-
ing in this situation, but this suggests that children with GDD
who are seen while their mother is pregnant may have better
access to recommended genetic tests.

Paediatricians lacked knowledge of available guidelines. Less
than a third of participants were familiar with AAP guidelines
(2), even though it was the guideline with which participants
were most familiar. Paediatricians may prefer to refer children
with GDD to a developmental paediatrician, geneticist or neu-
rologist for specialized assessment, instead of ordering genetic
tests themselves (9,10). In that case, if access to these special-
ists is limited, children with GDD remain underinvestigated for
genetic causes of their GDD.

A similar study with American paediatricians found that
98% initiated a diagnostic workup for GDD in an average year,
but that 74% would refer to a specialist without testing (11).
Only 11% ordered a genetic test themselves (aCGH, karyotype
or targeted DNA testing), compared to 93.6% who ordered
genetic tests in our study. Among those who did, reported use
of karyotype, aCGH and other DNA-based tests were lower
than in our study (39%, 19% and 4%, respectively). One pos-
sible explanation is that American paediatricians have better

access to specialists and are therefore more likely to refer with-
out testing, but only 5% reported referring to a geneticist. This
suggests that, similarly to our study, children with GDD in the
USA are under-investigated for genetic causes of GDD.

Guidelines issued may not be well disseminated to paediatri-
cians, especially if issued by other specialties (e.g.,, neurologists,
geneticists). Even when physicians are familiar with guidelines,
their adherence is influenced by internal barriers, including lack
of agreement with recommendations, lack of self-efficacy (confi-
dence in ability to carry out recommendations) and lack of motiva-
tion (12-15). These are known barriers to the provision of genetic
services by providers in general and paediatricians in particular
(16,17). In our study, we confirmed a lack of awareness of guide-
lines. Other barriers are certainly present, including external barri-
ers, such as time constraints and lack of resources, etc (12-15,18).

Recent reviews reinforce the importance of genetic testing
in children with GDD (19-23). Part of genetic test underuse
may be attributable to slow adoption of recommendations, but
current recommendations have been available for over S years,
emphasizing that physicians are slow to change their behaviour.
Lack of (perceived) competence is a major issue, as genetic
tests move into the genomic era (24,25). Ability to communi-
cate genetic test results is becoming increasingly important for
paediatricians, since many genetic conditions have a childhood
onset (26).

The democratization of genetic tests has facilitated access
to specialized tests such as aCGH for children with GDD
(27-30). However, before using these tests, physicians need to
have sufficient knowledge and expertise to provide appropriate
counselling and interpret test results (10,31). It is increasingly
clear that training about genetic test use should be part of the
medical school curriculum (18). There is a need for continuing
medical education on the use of genetic tests (32-34). Quality
improvement efforts may be an effective way to improve adher-
ence to recommendations (35).

The main limitation of this study is its response rate. Physicians
are notoriously difficult to survey, and it was difficult for us to
target specifically paediatricians who see children with GDD.
We sent surveys to all paediatricians in the province, so we
expect a proportion of nonresponders to have self-selected out
because this topic was not of interest to them. For this reason,
we expect that our observed response rate after exclusions (141
of 483,29%) is an underestimate of the response rate of eligible
paediatricians. A study of paediatricians and their use of genetic
services obtained a similar response rate (29%) (16). Also, our
participants are similar to Quebec paediatricians in general.

In summary, paediatricians underuse recommended genetic
tests for children with GDD. As new and more complex genetic
tests are developed, we suggest that up-to-date training about the
use of genetic tests for children with GDD be integrated at all levels
of training, from paediatrics residency curriculum to continuous
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medical education activities, to ensure that paediatricians in prac-
tice are knowledgeable about indications for testing, pretest coun-
selling, and appropriate interpretation and management of results.
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