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There is broad consensus about the importance of post-diagnostic genetic testing for children with ASD. However, the extent
of compliance with these tests and the factors affecting compliance have rarely been examined. We surveyed a sample of
114 families with a child with ASD in Israel, where such genetic testing is funded by the government. We found that only
one-third of these families completed post-diagnosis genetic testing for their child. The main factor influencing compliance
was the doctor’s recommendation (OR 11.6; 95% CI 3.2-42.4; p <0.001). Furthermore, > 50% of the non-compliant families
reported that genetic testing was irrelevant to them. Our findings highlight the importance of providing clear recommenda-
tions and explanations regarding the benefits and relevance of post-diagnosis genetic testing for children with ASD.
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Introduction

Autism spectrum disorder (ASD) is an early onset neu-
rodevelopmental disorder with an estimated prevalence of
1-2% (Baio et al. 2018; Elsabbagh et al. 2012; Kogan et al.
2018). Although the etiology of ASD has remained elu-
sive, it is commonly accepted that genetics plays an impor-
tant role in its pathophysiology although, estimates about
the heritability of the disorder vary significantly (Bai et al.
2019; Colvert et al. 2015; Hallmayer et al. 2011; Hansen
et al. 2019; Sandin et al. 2014; Tick et al. 2016; Yip et al.
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2018). In addition, genetic causes of ASD are extremely
heterogeneous (de la Torre-Ubieta et al. 2016; Devlin and
Scherer 2012; Goldstein et al. 2019). In approximately
10% of cases, ASD is an inherent outcome of an identifi-
able genetic syndrome, such as fragile X syndrome (Bagni
and Zukin 2019), tuberous sclerosis (Curatolo et al. 2010),
or other syndromes (Moss and Howlin 2009). Another type
of genetic variation that has consistently been associated
with ASD is copy number variation (CNV) (Girirajan et al.
2013; Marshall and Scherer 2012; Menashe et al. 2013;
Pinto et al. 2010). In addition, rare, loss-of-function sin-
gle-nucleotide variations (SNV) in a variety of genes have
recently been implicated in ASD susceptibility (Muers
2012; O’Roak et al. 2011; Sanders et al. 2012; Satter-
strom et al. 2020). In summary, as of January 2020, 1141
genes and 2274 CNV loci have been associated with ASD
susceptibility (Abrahams et al. 2013; Basu et al. 2009).
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Altogether, these genetic variations are found in 10-25%
of ASD patients (Devlin and Scherer 2012; Geschwind
2011; Goldstein et al. 2019; Huguet et al. 2013).

Given the significant role of genetic variations in ASD
susceptibility, there is currently broad consensus about the
need for post-diagnostic genetic testing for ASD and its
benefits for affected children and their families (Tchaco-
nas and Adesman 2017). For example, finding an ASD
susceptibility genetic variation in an affected child may
help the family in their family planning decisions. In addi-
tion, identification of a possible genetic cause of ASD may
provide a degree of relief in some cases, even though in
others it may lead to feelings of guilt (Bauer and Msall
2011). Therefore, in 2011, the American College of Medi-
cal Genetics outlined its recommendations for postnatal
clinical evaluation of constitutional genomic abnormali-
ties in children with ASD or other developmental delays
(Kearney et al. 2011).

A number of factors can influence the extent of com-
pliance with genetic testing in ASD. Family-related fac-
tors include cultural and community habits (Zamora et al.
2016), alongside personal views and beliefs (May et al.
2012). In parallel, children with ASD tend to exhibit an
aversion to and fear of any kind of medical examination,
which affect their compliance with these tests (Davit et al.
2011). Furthermore, some unique characteristics of the
genetic testing of ASD patients may impact negatively on
parental compliance; these include limited predictive util-
ity, stigmatization and misinterpretation of findings (May
et al. 2012). Finally, a lack of familiarity and compliance
with clinical diagnostic guidelines for ASD on the part of
child neurologists and developmental pediatricians may
result in reduced referrals of affected families to genentic
testing (Tchaconas and Adesman 2017).

In Israel, the Ministry of Health recommends that all
children who are diagnosed with ASD undergo genetic
evaluation, which includes a test for fragile X syndrome
and a chromosomal microarray analysis (CMA) for the
detection of CNVs associated with ASD (Ministry of
Health, Israel 2013). In some cases, additional tests such
as a karyotype or a test for specific genetic syndrome
associated with ASD will also be performed. In accord-
ance with the National Health Insurance Law (Ministry of
Health, Israel 1995), these tests are provided free of charge
for children who are diagnosed with ASD. However, the
extent of compliance of families with these recommenda-
tions and the factors affecting this compliance remain to
be clarified. We, therefore, conducted a survey of a rep-
resentative sample of families with one or more children
with ASD living in southern Israel with the aim to gain a
better understanding of the factors affecting their compli-
ance with the recommendation for ASD genetic testing.
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Methods
Participants and Data Collection

Study participants were drawn from the database of the
National Autism Research Center of Israecl (NARCIS),
which contains comprehensive clinical data on all children
diagnosed with ASD at the Soroka University Medical
Center (SUMC) (Meiri et al. 2017). The parents or legal
guardians of approximately 70% of these children have
signed an informed consent form that allows researchers
of the NARCIS to contact them for research purposes. For
this study, we examined families enrolled in the NAR-
CIS database between January 2015 and December 2018.
Consequently, 383 families were eligible to participate in
the survey at the time of the study (Fig. 1). The survey
was performed by telephone using the number/s provided
by the father/mother/guardian of the child at the time of
enrollment into the database. If one parent did not respond
to the request to take part in our survey, then the other
parent was contacted. If both parents did not respond, a
second attempt was made to call them.

For 183 of the 383 families (47.8%), no-one replied
or was available at the phone numbers provided. Out of
the 200 parents/guardians who did reply to the call, 120
(60%) completed the questionnaire during the first call or
during a subsequent call; 76 (38%) claimed that the call
had been made at an inconvenient time and failed to reply
to a repeat call; and 4 (2%) said they were not interested in
participating in this survey. Six families that participated
in the survey (3%) could not recall whether their child
had had a post-diagnosis genetic test and were therefore
excluded from the study (Fig. 1). The remaining 114 fami-
lies were asked to answer a questionnaire that included
questions regarding: (1) the understanding of parents about
the purpose of genetic testing and its relevance to them;
(2) the level of compliance with the genetic testing and
the reasons underlying the compliance/non-compliance;
and (3) the family’s genetic background. In addition, the
responders were asked to answer 10 true/false questions
about human genetics that had been adapted from an exist-
ing survey instrument (Fitzgerald-Butt et al. 2016), as a
means to assess the parents’ knowledge of human genet-
ics. The questionnaire used in this study is provided in the
supplementary material.

The sociodemographic characteristics of the families
participating in the survey and the clinical data about the
affected child, such as age at diagnosis and ADOS-2 com-
parison score (Lord et al. 2000), were obtained from the
NARCIS database (Meiri et al. 2017). The socio-economic
level (1-lowest to 10-highest) was set according to the crite-
ria of the Israeli Central Bureau of Statistics (Israel 2008).
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Fig. 1 A flowchart of the study
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Statistical Analysis

We used standard univariate statistical tests to compare soci-
odemographic and clinical characteristics as well as question-
naire outcomes between groups. Specifically, a two-sided
Student’s ¢ test was used to compare the means of normally
distributed variables, and a non-parametric Mann—Whitney
test was used if parametric assumptions could not be satisfied.
Pearson’s Chi square test for contingency tables or the Fisher
Exact test was used to compare rates of nominal variables
between the groups. Finally, a multivariate logistic regression
model was used to assess the odds ratio of these parameters
on family compliance with genetic testing for their child. The
results of this analysis are presented with 95% confidence
intervals (CI), as appropriate. All statistical tests and/or CI
s were performed at a=0.05 (2-sided). All p values reported
were rounded down to two decimal places. The data were ana-
lyzed using IBM SPSS Statistics software.

Ethical Considerations

The SUMC Helsinki Committee approved the trial protocol
(SOR 222-14).

114

v

Study sample
(~30% of the initial cohort)

Results
Sample Characteristics

Table 1 presents the basic demographic characteristics of the
research cohort. Notably, the 114 families that responded to
our telephone questionnaire did not differ in most of these
characteristics from the other families in the NARCIS data-
base. The only difference was in parental age, which was
slightly higher in the families that did respond to the ques-
tionnaire (37.95 vs. 36.4 and 41.16 vs. 39.3 years for moth-
ers and fathers in the responding and not-responding groups
respectively; p value <0.05).

Table 2 presents the characteristics of the 114 families
that responded to our phone survey. Of these, only 38 fami-
lies (33.3%) reported a post-ASD diagnosis genetic test
for their child. This group included five families that had
scheduled an appointment for a genetic test but had not com-
pleted it by the time of the study. The study revealed that
mothers were twice more likely to answer the questionnaire
than fathers, with no significant difference between fami-
lies that had done a genetic test for their child and families
that had not. There were no significant differences in the
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Table 1 Cohort characteristics

Variable All (n=383) Did not Responded (n=114) p value
respond
(n=269)
Age at diagnosis, mean (SD), years 2.8 (1.29) 2.85(1.33) 2.68(1.18) 0.38%
ADOS score—mean (SD) 7.36 (2.2) 7.36 (2.16) 7.38 (2.31) 0.8°
ADOS score—median (IQR) 8 (6-9) 8 (6-9) 8 (6-9)
Other siblings diagnosed with ASD, n (%) 23 (6%) 15 (5.6%) 8 (7%) 0.59°¢
Ethnicity, n (%) Jewish 280 (73.1%) 198 (73.6%) 82 (71.9%) 0.74°
Non-Jewish 103 (26.9%) 71 (26.4%) 32 (28.1%)
Mother Age, mean (SD), years 36.94 (6.23) 36.4(6.17) 37.95(6.25) 0.04%
Origin, n (%) Israel 241 (74.4%) 165 (77.1%) 76 (69.1%) 0.12°¢
Other 83 (25.6%) 49 (22.9%) 34 (30.9%)
Education, median (IQR) years 12 (12-15) 12 (12-15) 12 (12-15) 0.29°
Address, n (%) Urban 302 (91.5%) 200 (92.2%) 102 (90.3%) 0.56°
Rural 28 (8.5%) 17 (7.8%) 11 (9.7%)
Father Age, mean (SD), years 39.95(7.8) 39.3(7.66) 41.16(7.97) 0.02%
Origin, n (%) Israel 234 (77.5%) 151 (77.4%) 83 (77.6%) 0.98¢
Other 88 (22.5%) 44 (22.6%) 24 (22.4%)
Education, median (IQR) years 12 (12-15) 12 (12-15) 12 (12-15) 0.75°
Address, n (%) Urban 271 (90%) 175 (90.7%) 96 (88.9%) 0.62¢
Rural 30 (10%) 18 (9.3%) 12 (11.1%)
Number of working parents, mean (SD) 1.47 (0.59) 1.48 (0.6) 1.45 (0.57) 0.73°
Socioeconomic level, median (IQR) 5(3-5) 5(3-5) 5(1-5) 0.97°

Comparison of survey responders to non-responders
t-test

"Mann-Whitney test

°Chi square test

sociodemographic characteristics between families that
reported to have done a post-ASD diagnosis genetic test for
their child and families that had not.

Personal Questionnaire

Table 3 presents the results of our survey. The majority
(92%) of families that performed genetic testing reported
that they did so because of their doctor’s recommendation,
while this rate was reduced to half (50%) in families that did
not comply with the recommendation. Similar differences
were seen between the two groups when families were asked
if the doctor had explained the importance of the genetic test
(79% vs. 38% respectively; p value <0.001). Most families
in the survey thought that the reason for the genetic test
was for research purposes (57%) or for “understanding the
cause” (53.5%), while less than half of the families thought
it was for family planning (48%) or therapy adjustment
(32.5%). All of these reasons were cited more frequently in
the families that completed genetic testing but the “doctor’s
recommendation” variable alone remained significant in a
multivariate logistic regression analysis (Table 4).

@ Springer

The leading reasons given by the families for not per-
forming the genetic testing (Q11 in the questionnaire) was
the “irrelevance” of the test for them (55%) and “no recom-
mendation by the doctor” (36%) (Table 3). Reasons cited
less often by these families were that they could not find
the time to do so (8%) or that the child was not coopera-
tive (8%). Yet another reason—one cited by three families
(3.9%)—was objection in principle (due to religious or cul-
tural reasons).

Since the Israel Ministry of Health guides doctors to
recommend the genetic test to families when their child is
diagnosed with ASD, it was surprising that 36% of families
did not recall such a recommendation. To further examine
this issue, we checked available medical records and found
that in two-thirds of these cases a recommendation had been
noted in their medical file.

Genetic Knowledge Questionnaire
Results of the genetic knowledge questionnaire varied con-

siderably with few people having zero correct answers,
while others were correct in all ten questions. Nevertheless,
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Table 2 Sample characteristics

Variable All (n=114) Non-tested (n=76) Tested (n=38) p value
Interviewed parent, n (%) Mother 78 (68.4%) 51 (67.1%) 27 (71.1%) 0.69¢
Father 36 (31.6%) 25(32.9%) 11 (28.9%)
Age at diagnosis, mean (SD), years 2.68 (1.18) 2.68 (1.14) 2.68 (1.27) 0.93%
ADOS score—mean (SD) 7.38 (2.31) 7.5(2.09) 7.11 (2.75) 0.9
ADOS score—median (IQR) 8 (6-9) 8 (6-9) 8 (4.75-9)
Other siblings diagnosed with ASD, n (%) 8 (T%) 5 (6.6%) 3 (7.9%) 1¢
Treated child is youngest in the family, No 38 (34.5%) 25 (33.8%) 13 (36.1%) 0.81°¢
n (%) Yes 72 (65.5%) 49 (66.2%) 23 (63.9%)
Total number of children, median (IQR) 2(2-3) 2 (2-3) 2 (2-3) 0.6
Ethnicity, n (%) Jewish 82 (71.9%) 58 (76.3%) 24 (63.2%) 0.14¢
Non-Jewish 32 (28.1%) 18 (23.7%) 14 (36.8%)
Mother Age, mean (SD), years 37.95 (6.25) 38.27 (6.45) 37.32 (5.86) 0.48*
Origin, n (%) Israel 76 (69.1%) 51 (70.8%) 25 (65.8%) 0.59¢
Other 34 (30.9%) 21 (29.2%) 13 (34.2%)
Education, median (IQR) years 12 (12-15) 12 (12-15) 12.5(11.5-15.25) 0.98"
Address, n (%) Urban 102 (90.3%) 68 (90.7%) 34 (89.5%) 1¢
Rural 11 (9.7%) 7 (9.3%) 4 (10.5%)
Father Age, mean (SD), years 41.16 (7.97) 40.92 (7.18) 41.66 (9.48) 0.97,
Origin, n (%) Israel 83 (77.6%) 56 (78.9%) 27 (75%) 0.65°
Other 24 (22.4%) 15(21.1%) 9 (25%)
Education, median (IQR) years 12 (12-15) 12 (12-15) 12 (12-15) 0.75°
Address, n (%) Urban 96 (88.9%) 66 (90.4%) 30 (85.7%) 0.47°¢
Rural 12 (11.1%) 7 (9.6%) 5(14.3%)
Number of working parents, mean (SD) 1.45(0.57) 1.5(0.51) 1.36 (0.67) 0.65°
Socioeconomic level, median (IQR) 5(1-5) 5(3-5) 4.5 (1-5) 0.35°

Comparison of genetic testing compliant vs. non-compliant families
t-test
"Mann-Whitney test

°Chi square test

families of both the tested and non-tested groups did not
vary significantly in their genetic knowledge, with both
groups having identical median and interquartile rage of
correct answers to the questionnaire (Table 3).

Results of the Genetic Tests

Of the 38 families that did the genetic test, five (13.1%)
reported the following positive findings (i.e., identification
of known ASD susceptibility genetic variations): 16p11.2
duplication, 15q duplication, Rett syndrome, 14q11.2 dele-
tion, and myotonic dystrophy type 1.

Discussion

The main objective of this study was to examine the rate of
compliance with the recommendation for genetic testing and
the factors that influence such compliance in southern Israel.

Surprisingly, the compliance rate in our study was as low as
33.3%. While this rate is similar to the compliance rate with
ASD genetic testing reported in the USA (Zhao et al. 2019),
we expected it to be higher for our cohort, since in Israel
these tests are free [covered by the National Insurance Law
(Israel 1995)], while in the USA they are usually paid for
by the family’s private health insurance. The rate of patho-
genic CNVs found in our sample (~8%) was slightly lower
than the rates reported in the USA (~15%) (Chong et al.
2014; Miller et al. 2010). This difference can be explained
by the fact that in the US, CMA are usually conducted to
children with both ASD and intellectual disability while in
Israel, all children with ASD are eligible for such genetic
test. Indeed, a study that performed CMA in a heterogenous
group of children with ASD, found a diagnostic yield of
CMA that was similar to ours (9.3%, 95% CI 6.1-13.5%)
(Tammimies et al. 2015), suggesting a global contribution
of CNVs to ASD susceptibility of ~ 10% of cases. The iden-
tification of Rett syndrome and myotonic dystrophy type 1 in

@ Springer
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Table 3 Telephone survey results

Variable

All (n=114) Non-tested (n=76) Tested (n=38) p value

No testing
As advised

Pre-pregnancy genetic testing, n (%)

More than advised

Doctor recommended genetic testing n (%)
Doctor explained the importance of genetic testing n (%)
What do you think is the reason for testing, n (%) No reason

Research

Understanding the cause

Family planning

Therapy adjustment

Other
Fragile X
CMA

Type of genetic testing, n (%)

Exome sequencing

Not known
Objects to genetic testing, n (%)
Reason for objecting to genetic testing, n (%) Religious
Culture
Stigmatization
Privacy concerns
Other
No difficulties

Arrival

Difficulties in the testing process, n (%)

Setting a meeting
Child cooperation
Other

If tests were not performed, what would you say

9
was the reason’ Irrelevancy

Not recommended by a doctor 27 (23.7%)
Difficulties in working with

medical system

Non-cooperative child
Could not find the time

Other

Genetic knowledge score
Median (IQR?)

Objection in principle to tests

55 (48.7%) 37 (49.3%) 18 (47.4%) 0.84¢

55(48.7%) 36 (48%) 19 (50%) 0.84¢

3(2.7%) 2 (2.7%) 1(2.6%) 0.74¢

73 (64%) 38 (50%) 35(92.1%) <0.001°¢

55 (48.2%) 29 (38.2%) 30 (78.9%) <0.001°

33 (28.9%) 27 (35.5%) 6 (15.8%) 0.03°

65(57%) 37 (48.7%) 28 (73.7%)  0.004°

61 (53.5%) 35 (46.1%) 26 (68.4%)  0.01°

55 (48.2%) 32 (42.1%) 23 (60.5%)  0.06°

37(32.5%) 19 (25%) 18 (47.4%)  0.02°

1 (0.9%) 0 (0%) 1 (2.6%) 0.33°

2 (1.8%) n/a 2 (5.3%) n/a

16 (14%)  n/a 16(42.1%)  nla

1 (0.9%) n/a 1(2.61%) n/a

21 (184%) nla 21(553%)  nla

3 (2.6%) 3 (3.9%) 0 (0%) 0.55¢

3 (2.6%) 3 (3.9%) 0 (0%) 0.55¢

1(0.9%) 1(1.3%) 0 (0%) 1

0 (0%) 0 (0%) 0 (0%) n/a

0 (0%) 0 (0%) 0 (0%) n/a

0 (0%) 0 (0%) 0 (0%) n/a

21 (184%) nla 21(553%)  nla

0 (0%) n/a 0 (0%) n/a

3 (2.6%) n/a 3(9.1%) n/a

9 (6.1%) n/a 7 (21.2%) n/a

0 (0%) n/a 0 (0%) n/a

3 (2.6%) 3 (3.9%) n/a n/a

42 (36.8%) 42 (55.3%) n/a n/a
27 (35.5%) n/a n/a

2 (1.8%) 2 (2.6%) n/a n/a

6(5.3%) 6 (7.9%) n/a n/a

6 (5.3%) 6 (7.9%) n/a n/a

4(3.5%) 4(5.3%) n/a n/a

6 (5-8) 6 (5-8) 6 (5-8) 0.85°

Families’ responses to study questionnaire
“Interquartile range

"Mann-Whitney test

°Chi square test

9dFisher-exact test

our sample further highlights the importance of performing
other genetic tests to identify other types of ASD susceptibil-
ity genetic variants.

The main factors that affected families’ compliance with
the recommendation for genetic testing were the doctor’s
recommendation to do the test and the explanation of the
test. The same factors were also reported to affect parent

@ Springer

compliance with genetic testing in other countries (Zhao
et al. 2019). Interestingly, only two-thirds of the families
in our study reported that their doctor had recommended
a genetic test. We suspect that these rates are an underes-
timation due to a recall bias resulting from the time that
has passed since the diagnosis and from the anxiety and
stress that usually accompany the diagnosis meeting with
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Table 4 Factors affecting

A . . ) Variable OR? 95% CI for OR p value
compliance with genetic testing

Doctor recommended genetic testing (Q: #2) 11.58 3.1642.44 < 0.001

Reason for running the test—Research (Q: #4a) 1.53 0.53-4.47 0.43

Reason for running the test—Therapy adjustment (Q: #4d) 242 0.83-7.1 0.11

The odds ratios (OR) and their 95% confidence interval (CI) of having a post-diagnosis genetic test for
ASD are presented for different items in the telephone survey

#0dds ratios are adjusted for all other variables in the table

the doctor, which can influence the perception of such rec-
ommendation (Kessels 2003). We note that there are vari-
ous techniques and recommendations as to how to convey
difficult medical news to patients and how to provide the
necessary information (Baile et al. 2000). More specific
guidelines for ASD are also available; these suggest that
recommendations for genetic testing should be provided in
written form with the aim to allow families to review them
later (Ministry of Health, Israel 2013; Renty and Roeyers
2006). Implementation of these recommendations may
ease, to some degree, the difficulty of the parents to pro-
cess the information and may improve compliance with the
recommendations.

“Family planning” was mentioned as a reason to conduct
postnatal genetic testing of ASD by approximately half of
the families in the study. It was therefore not surprising that
families that did not plan to have more children were less
likely to comply with the recommendation for genetic test-
ing. While family planning is indeed a major reason for the
genetic testing (Bauer and Msall 2011), it is certainly not
the only one. Many families also mentioned “research” and
“understanding the cause” as important reasons for conduct-
ing postnatal genetic testing of ASD. However, it is not clear
whether these families understand the clinical benefit of such
scientific understanding. For example, in some cases, identi-
fying the genetic cause of ASD can help to adjust the medi-
cal management for the child. Therefore, we recommend
that, when discussing the value of genetic testing with par-
ents, doctors should emphasize these reasons and elaborate
on their potential benefit for both the family and for ASD
research in general.

Our study has several limitations. First, this is a retro-
spective study with questionnaire items about the child’s
diagnosis several years previously, which may lead to a
recall bias. This is best demonstrated by the fact that in
most families that reported of “no recommendation of test
by the doctor,” such recommendations were actually noted
in the child’s medical file. Furthermore, parents’ subjec-
tive perceptions and feelings about genetic testing may
change over the years and do not necessarily represent
their beliefs at the time of diagnosis. Second, only ~30%
of the families in the NARCIS database complied with

our phone questionnaire. Nevertheless, these families com-
prised an adequate representation of the NARCIS cohort
as depicted in Table 1. Third, the fact that the survey was
conducted in Hebrew might have created a bias in our
sample against families that do not speak the language or
those for whom Hebrew is not their mother tongue and that
do not feel comfortable using it. Indeed, a few families for
which both parents did not have sufficient grasp of Hebrew
were excluded from the study. However, we made every
effort to overcome with this language barrier by choosing
the parent with the better Hebrew and confirming that s/
he understood each of the questions. Indeed, there was
no indication for a bias in our sample compared to other
families that did not participate in this survey.

Conclusions

Our findings highlight the importance of providing clear
recommendations and explanations regarding the benefits
and relevance of post-diagnosis genetic testing for children
with ASD. Guiding doctors as to how to inform families
about such genetic testing may improve the compliance
with these government-funded tests.
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