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Abstract Although a genetic evaluation can identify the
etiology in 15-30% of individuals with autism spectrum
disorder, several studies show an underuse of genetic ser-
vices by affected families. We have explored the access to
genetic services and perception of genetics and recurrence
risk in parents of autistic children in Spain. Despite the high
interest in genetics, our results show a remarkable underu-
tilization of genetic services, with only 30% of families
having visited a genetic service and 13% of patients having
undergone the recommended genetic test. This poor service
provision influenced recurrence risk perception and had a
great impact on family planning. The National Health Sys-
tem should ensure their access to genetic services allowing
them to take informed decisions with precise information.
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Introduction

Autism spectrum disorders (ASD) are a group of neu-
rodevelopmental disorders characterized by impairments
in three main domains: communication, social interaction
and behavior. They are estimated to affect 1 in 68 to 256
children in developed countries, with a male to female ratio
of 5:1 (Developmental Disabilities Monitoring Network
Surveillance Year 2010 Principal Investigators and Cent-
ers for Disease Control and Prevention (CDC) 2014; Tay-
lor et al. 2013). They are among the most inheritable neu-
rodevelopmental disorders, with concordance rates of 60%
between monozygotic twin pairs for classic autism, that
increase to 90% when considering the broader autistic phe-
notype (BAP; Bailey et al. 1995; Folstein and Rutter 1977;
Lichtenstein et al. 2010; Ritvo et al. 1985; Ronald and
Hoekstra 2011; Rosenberg et al. 2009; Steffenburg et al.
1989; Taniai et al. 2008). ASD are considered complex
multifactorial disorders, with both genetic and environmen-
tal risk factors. Genetic factors involved in ASD comprise
all type of genetic variation: chromosomal alterations, tri-
plet expansions, de novo or rare inherited single nucleotide
variants (SNVs), and deletions and duplications, known as
copy number variants (CNVs). Therefore, ASD present a
high degree of genetic heterogeneity, involving various
types of genetic variation that might follow several modes
of inheritance.

Current guidelines for genetic evaluation of patients
with ASD recommend a tiered approach, in which dys-
morphology and family history evaluation, in order to
identify known syndromes and specific patterns of inher-
itance, should be the first steps. If no particular condition
is suspected, chromosomal microarray (CMA), a high-
resolution whole-genome diagnostic tool that detects copy
number variants, is indicated in all patients. Fragile X
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testing should also be considered in males, since this entity
accounts for approximately 2% of unselected ASD cases.
Overall, a clinical and genetic evaluation including CMA
identifies an etiology in approximately 15-30% of indi-
viduals (Schaefer and Mendelsohn 2013; Shen et al. 2010).
Achieving an accurate genetic diagnosis is of great impor-
tance, since genetic counseling based on a specific recur-
rence risk, as well as reproductive options to minimize the
risk on subsequent pregnancies, can be provided to fami-
lies. In addition, a definite diagnosis can provide informa-
tion about the prognosis of the disorder and monitor and
prevent associated medical conditions. However, in most
ASD cases a genetic cause cannot be identified and fami-
lies must rely on recurrence risk figures based on empirical
estimates to take reproductive decisions. When a specific
pattern of inheritance cannot be identified, recurrence risk
has been estimated to be 18.7-27.7% when considering all
the spectrum and 36-50% for families with more than one
affected child (Ozonoff et al. 2011; Wood et al. 2015). Due
to the complex nature of ASD genetic bases and the rela-
tively low diagnostic yield of current genetic tests, families
may experience difficulties understanding and adjusting
to information regarding ASD heritability and recurrence
risk. Therefore, genetic counseling is relevant both for fam-
ilies in which a genetic cause can and cannot be identified.

Despite the contribution of genetics to ASD, several
studies show an underutilization of genetic services by
affected families (Selkirk et al. 2009; Shea et al. 2014;
Vande Wydeven et al. 2012). This lack of access has a
tremendous effect on families, as shown by the consist-
ent overestimation of recurrence risk observed in previous
studies (Chen et al. 2014; Mercer et al. 2006; Selkirk et al.
2009; Whitelaw et al. 2007).

Parental misinformation may have a great impact on
family planning. In fact, reproductive stoppage—the trend
for parents of a child with a severe disability to have none
or fewer additional children—has been widely described in
ASD families (Grgnborg et al. 2015; Hoffmann et al. 2014;
Wood et al. 2015). Besides recurrence risk overestima-
tion, underutilization of genetic services could also have an
effect on other factors related to family planning, such as
perceived causes of ASD and perceived utility of genetic
testing. Given the potential consequences of genetic ser-
vices underutilization, an effort should be made to identify
barriers hindering the access of families with ASD to this
type of services.

One of such barriers could be the lack of awareness of
genetic services, which may vary among countries depend-
ing on the professional recognition of such professionals.
Therefore, we sought to explore access and perception of
genetics in Spain, a country where a public health care sys-
tem has been implemented, but where genetic profession-
als are not formally recognized. In 2014, a Royal Decree
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establishing the professional category and role of clinical
and laboratory geneticists was approved, but its implemen-
tation has not yet begun. Likewise, genetic counselors are
not formally recognized, despite the fact that trained genetic
counselors have been practicing for years and a 2-year Mas-
ter Degree in Genetic Counseling based in Barcelona has
been accredited by the European Board of Medical Genet-
ics (Pampols et al. 2016; Rantanen et al. 2008). Besides
the lack of professional regulation, other factors hindering
access to genetic services in Spain may be related to the
differences in service provision by the multiple regional
administrations of the National Health System and the mis-
information and lack of uniform criteria for patient referral
among other health professionals.

Therefore, the aim of this research was to explore the
access to genetic services and perception of genetics among
ASD families in Spain, a country where such studies had
not previously been carried out, in comparison with other
developed countries.

Methods and Protocols
Study Setting and Participants’ Recruitment

The study was addressed to parents with at least one child
affected with ASD. Parents were recruited through six ASD
family associations in Catalonia, Spain. Board representa-
tives from each association invited its members to partici-
pate in an online anonymous survey by email invitation.
The survey was accessible between the 6th of August of
2016 and the 1st of October of 2016.

Instrumentation

The questionnaire was designed taking into account pre-
vious studies addressing parents’ knowledge, beliefs and
concerns regarding ASD and was reviewed by two genetic
counselors, a laboratory geneticist and a clinical geneti-
cist (Supplementary Information 1). Questions addressed
different topics: (1) demographics; (2) access to genetics
services, previous information and sources of informa-
tion; (3) perceived causes of ASD; (4) knowledge, opin-
ions and motivation regarding genetics and genetic test-
ing; (5) knowledge and perception of recurrence risk; and
(6) impact on reproductive behavior. Types of questions
included different formats such as open questions, dichoto-
mous, multiple choice, Likert scales and nominal.
Questions were designed to address topics that would
have been covered in a genetic counseling session and that
could apply to most genetic disorders. Participants were
asked to answer four true/false items, such as “Current
genetic tests rule out all causes of ASD” or “A negative
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genetic test result would mean that recurrence risk in a sub-
sequent pregnancy would be similar to that of the general
population” (Supplementary Information 1).

Regarding quantitative risk, parents were asked to esti-
mate their perceived recurrence risk from 0 to 100% in an
open question. Qualitative risk perception was evaluated
by a forced choice question, in which parents could choose
between five different options: null, low, moderate, high or
very high risk.

Data Analysis

Descriptive statistics were calculated for most items. Cor-
relations and statistical significance among selected items
were assessed with Chi square and exact Fisher’s tests and
t-tests for independent groups. Items of applied knowledge
of genetics were rated on a one-point scale (0O points for
incorrect or do not know answers and 1 point for correct
answers); the total score was the sum of raw scores.

Results
Respondents’ Demographics

A total of 130 families agreed to participate in the study
and completed the questionnaire (Table 1). Only one of the
parents was asked to answer the questionnaire. Therefore,
only one answer per family was considered. The survey
was mailed to 430 families directly by board members of
each Association asking for participation. We obtained a
total of 130 complete surveys, with an estimated response
rate of 29%.

The great majority of families (123/130) had only one
affected child, while seven families had two affected sib-
lings. The reported diagnoses of probands were either
classic autism (55%, 75/137), Asperger syndrome (22%,
30/137) or pervasive developmental disorder not other-
wise specified (PDD-NOS, 23%, 32/137), and their mean
age was 7.6 (1-25yo0), being 80% (106/137) younger
than 10 years old. The mean age of the respondents was
40 years, 86% (112/130) were females, and 80% (104/130)
were living with the other parent of the proband. Although
the highest level of education obtained varied among par-
ticipants, 64% (84/130) had completed a college degree.
Most of the families had two children (47%). In 42% of
the families the affected child was the only child and 11%
of respondents had three or more children. Approximately
17% (23/130) of respondents considered that one or more
of their relatives were also affected with ASD or a broader
phenotype, although most of of them had not been formally
diagnosed.
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Table 1 Demographic characteristics of our sample
Gender (%)
Men 14
‘Women 86
Age (years)
20-30 6
3040 33
40-50 50
>50 11
Current relationship status
Married 87
Divorced 10
Single 2
Widowed
Highest level of education obtained
Primary school 4
High school 32
College graduate 38
Post graduate degree 26
Number of children
1 42
2 47
3 9
4
Diagnosis of affected children
Autism 55
Asperger 22
PDD-NOS 23

Access to Genetic Services and Sources of Information

Only 31% (40/130) of parents reported having visited a
genetic service and, surprisingly, only two of the seven
families with more than one affected child had been
attended by geneticists. The most visited services among
parents were neuropediatrics, psychology and psychia-
try (Fig. 1a). Moreover, only 22% (28/130) of the par-
ticipants knew about the professional role of the clinical
geneticist and even less (8%, 11/130) about the role of the
genetic counselor. Regarding information about the role
of genetics and inheritance in ASD, 30% (39/130) of par-
ticipants stated that they had received some information.
Most (74%, 29/39) had been informed by their neuropedi-
atrician, and only 18% (7/39, 5% of the total sample) by a
clinical geneticist (Fig. 1b). Finally, only one family had
visited a genetic counselor. When asked about the topics
they had been informed, 59% of respondents (23/39, 17%
of the total sample) reported to be informed about recur-
rence risk, but only 54% (21/39, 16% of the total sample)
about available genetic tests.
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Regarding access to genetic testing, 51% (66/130)
of participants stated that their child had received some
kind of genetic test: fragile X was the most common test-
ing in 64% (42/66), followed by karyotype (36/66) and
CMA (17/66), while 29% (19/66) did not know the type of
genetic test done (Fig. 1c). Therefore, only 13% of the total
sample (17/130) answered their child had received CMA,
the first-tier diagnostic tool for the diagnosis of ASD. Not
surprisingly, being visited in a genetic service was signifi-
cantly associated with undergoing genetic testing, since the
majority of participants (95%) who had access to genetic
services had received genetic testing (y2, p<0.0001). It
was also interesting that 42% (28/66) of participants who
underwent genetic testing had not visited a genetic ser-
vice. Finally, participants who self-reported their children
were diagnosed with Asperger syndrome were less likely to
undergo genetic testing, although this figure failed to reach
statistical significance (y2, p=0.065).

Perceived Causes of ASD
To evaluate perceived causes of ASD, participants were

asked to endorse an unlimited number of items among a
list of the most common reported causes of ASD. The most
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frequent perceived cause was genetic factors (47%, 61/130),
followed by different brain development (28%, 4/130),
pregnancy or delivery complications (11%, 14/130), expo-
sure to toxic agents during pregnancy (10%, 11/130), early
childhood diseases (5%, 6/130) and vaccines (1%, 1/130;
Fig. 2a). Perception of genetic factors as causative of
ASD was associated with reporting affected relatives (y2,
p=0.02), since participants self-reporting having an addi-
tional affected relative were approximately two times more
likely to endorse genetic factors as a cause (Fig. 2b).

Knowledge, Opinions and Motivations About Genetics
and Genetic Testing

Despite only 31% of parents had visited a genetic service,
interest in genetics was high, with 95% of respondents
(123/130) showing interest in a clinical genetics visit and
94% (122/130) in receiving further genetic testing. Parents
were asked to rank their motivations for wanting or not fur-
ther genetic testing. Among parents who were interested in
further genetic testing, the main reasons were: (1) to improve
medical management of their affected child (43%, 53/122);
(2) to contribute to knowledge and science (39%, 47/122);
(3) potential benefits for non-affected relatives (31%, 38/122);
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Fig. 2 Perception of the influence of genetics in ASD. a Perceived causes of ASD among parents. b Parents who reported additional family

members were more likely to perceive genetics as a possible cause

(4) to reach a definite diagnosis (27%, 33/122); and (5) to
establish the recurrence risk in subsequent pregnancies (22%,
27/122). Motivations for further genetic testing were prob-
ably related to social factors, since ranking “establishing the
recurrence risk for future children” with a lower punctuation
was negatively correlated with age. In fact, participants rating
it as most important were, on average, 3 years younger than
those who gave it a lower punctuation (Spearman R=-0.4,
p=0.01).

For participants who did not wish further genetic testing
(8/130), the main reasons or thoughts were: (1) the disorder
could not have a genetic cause (3/8); (2) the results of genetic
testing would not improve their child’s well-being (3/8); (3)
the cause of the disorder had already been determined (1/8);
and (4) they did not want to know whether the disorder was
inheritable (1/8).

Concerning questions about genetic knowledge, correct
answers exceeded “do not know” and incorrect answers.
Total knowledge score correlated with the degree of educa-
tion (one-way ANOVA, p=0,004), as well as having been
visited in a genetic service (unpaired t-test, p=0.048). The
mean punctuation of parents previously visited in a genetic
service was 2.65/4+0.19, compared to 2.17/4+0.17 for
those who had not been previously visited.

Knowledge and Perception of Recurrence Risk and its
Impact on Family Planning

Perception of recurrence risk was measured in both quan-
titative and qualitative terms. Participants who reported a
known cause were excluded from the analysis; therefore,
only families with an unknown diagnosis were included.

Regarding quantitative risk estimations, 31% (40/130) of
the respondents thought their recurrence risk was exactly
50%, while 18.5% (24/130) answered it was higher than
50% (Fig. 3a). As for qualitative estimates, 49% (63/130) of
parents qualified their recurrence risk as moderate (Fig. 3b).
Interestingly, quantitative and qualitative risk estimates
correlated (Spearman R=0.57, p=0.01), although numeric
values varied among risk categories (Fig. 3c).

As expected, a higher numerical risk perception was sig-
nificantly associated with having more than one affected
child (unpaired t-test, p<0.0001), with a mean numerical
risk of 36+24% for parents with one affected child and
62 +32% for those with two affected children. Respondents
with additional family members affected showed a slightly
higher risk perception (45+27%) than those who did not
(36 +25%) was observed, a trend that did not reach sta-
tistical significance (unpaired t-test, p=0.07). Numerical
perceived risk was statistically significantly lower among
participants counseled by a genetic professional (unpaired
t-test, p=0.043). Participants who had been counseled
either by a clinical geneticist or a genetic counselor had
a more accurate risk perception (21+29%) compared to
those who were not counseled by genetics professionals
(39 +25%; Fig. 3d).

The majority of participants (62%, 81/130) considered
that the risk of having a subsequent child affected had
an effect on their reproductive intentions. Of these, 62%
(50/81) stated that it had affected “much” their reproductive
behavior, 32% (26/81) that it had affected it “quite” and 6%
(5/81) that it had “little” effect on their decisions.

We also asked parents for reasons influencing their
reproductive behavior (Table 2). Among those who
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Fig. 3 a Distribution of perceived risk in numerical terms. b Dis-
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believed their recurrence risk was high, the main reason
affecting their family planning was “fear of having a sub-
sequent affected child” (72%, 59/81). Statistical analyses
were carried out to assess if higher risk perception was
associated to self-reported effect on reproductive behavior.
Parents who answered that perception of recurrence risk
had an effect on family planning had a higher risk percep-
tion (42 +26%) than those who did not (32 +25%), both in
numerical (unpaired t-test, p=0.045) and qualitative terms
(x% p=0.024) (Fig. 4).

Discussion

According to data gathered from 130 parents with a child
with ASD living in Catalonia, Spain, genetic services are
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clearly underutilized. Our data are similar to those previ-
ously reported in other Western countries. (Mercer et al.
2006; Selkirk et al. 2009; Vande Wydeven et al. 2012). A
study carried out in USA in 2009 reported that only 24%
of parents whose child was diagnosed with ASD had seen
a genetic counselor (Selkirk et al. 2009). More recent stud-
ies based also in USA reported similar rates of utilization
of genetic services by families of ASD patients, rang-
ing from 20-28% (Amiet et al. 2014; Chen et al. 2013;
Cuccaro et al. 2014; Vande Wydeven et al. 2012). It was
hypothesized that the low utilization rate was mostly due
to a lack of referral, possibly related to an extended una-
wareness of the clinical utility of genetics for ASD among
other professionals (Salm et al. 2014). To our knowledge,
only one study assessing utilization of genetic services has
been carried out in Europe, specifically in France, reporting
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Table 2 Reasons influencing reproductive behavior among parents
affected by recurrence risk and not affected

Effect on No Effect

FP (%) on FP
(%)

Fear of having another affected child 73

Time devoted to a new child 58 8
Economical resources devoted to a new child 51 12
Efforts devoted to a new child 57 8
Completed family 5 20
Having an affected child has not influenced 5 43

my reproductive decisions

Infertility 0 6
Did not know diagnosis at the time 1 6
Age 0 4
Other 5 8
FP Family planning

a utilization rate of 60%, significantly higher than in USA
and Spain (Amiet et al. 2014). This disparity might be
partly explained by the differences in health care systems
between USA and France (Amiet et al. 2014). However, in
Spain like in France, there universal health coverage by the
Public Health Service including genetic testing if required.
Therefore, additional factors such as the disparity among
countries in the regulation of genetic professions and the
different awareness among other professionals involved
in the care of ASD patients might explain the difference.
In France, genetics was recognized as a medical specialty
in 1995 and the Law of Public Health legally recognizes
genetic counselors as health professionals since 2004,
whereas such formal regulation does not exist in Spain.
This lack of regulation could also have an impact on the

—— Not affected by RR ~ ---- Affected by RR

Number of participants

Null Low Moderate High

Very High

Qualitative risk

Fig. 4 Reported qualitative recurrence risk to have another child
with ASD (RR) is compared between parents affected (black) and not
affected (grey) by recurrence risk. Qualitative recurrence risk percep-
tion was higher among parents who reported an effect on family plan-
ning

awareness of such services of other professionals and the
general population, including affected families. In fact, only
22% of the respondents in our study knew about the profes-
sional role of the clinical geneticist and an even lower fig-
ure (8%) about genetic counselors.

The underutilization of genetic services may result in
several potentially harmful consequences for families.
First, several identifiable genetic causes may be missed by
the current approach. It is estimated that a genetic diagno-
sis may be reached in 30% of cases when patients undergo
a clinical evaluation and the first tier test, CMA. In our
cohort, only 30% of patients had been visited in a genet-
ics service and barely 13% underwent CMA. Consequently,
several families with an identifiable genetic alteration may
have been missed and could not benefit from specific recur-
rence risks and associated reproductive options to minimize
their risk in future pregnancies.

Second, in our study a large fraction of genetic tests was
requested outside a genetic service and probably without
appropriate prior genetic counseling. This has also been
observed in a study carried out in USA, which showed
that genetic testing was often ordered in the absence of
the accompanying genetic services (Cuccaro et al. 2014).
Genetic tests that scan the whole genome, such as CMA or
exome analysis, involve a significant amount of complexity
and may identify incidental findings, variants of unknown
significance and variants of variable expression and incom-
plete penetrance. The complex genetic landscape of ASD
makes these scenarios even more difficult to manage and
require multidisciplinary teams with expertise in the field.
Moreover, with the advent of whole exome sequencing,
genetic testing options are likely to increase and so will do
its associated complexity. Consequently, a correct inter-
pretation of the results along with the proper communica-
tion to families will become even more important. If such
results are not properly communicated, they may result in
parents misunderstanding of the role of genetics in ASD.

Third, inaccurate information regarding the influence of
genetics in ASD may also have an effect in family planning.
Previous studies have shown that reproductive stoppage,
the trend for parents to have fewer children after the diagno-
sis of a condition, is frequent in families with children with
ASD (Grgnborg et al. 2015; Hoffmann et al. 2014; Wood
et al. 2015). In fact, 62% of the parents of our study admit-
ted that the risk of recurrence had an effect on their family
planning. When asked about what reasons were influenc-
ing family planning, the main reason for parents who felt
recurrence risk had an effect on family planning was “fear
of having an affected child”. This is in consonance with
other studies showing that a great majority (90%) of indi-
viduals who wanted more children felt that recurrence risk
had significantly affected their decision for family planning
(Selkirk et al. 2009). Participants in our study also had a
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highly inaccurate risk perception, since most parents esti-
mated their recurrence risk at 50% (Chen et al. 2014; Sel-
kirk et al. 2009). Moreover, parents who felt their risk had
affected their reproductive decisions, tended to perceive
it as high than those who did not, suggesting that for par-
ents with lower risk perception, recurrence risk does not
play such an important part in family planning decisions.
Of course, recurrence risk perception is not the sole factor
influencing family planning, since parents caring of a child
with ASD also experience higher levels of stress, even
compared to those with children with other developmental
needs (Keenan et al. 2016; Schieve et al. 2007). Anyway,
our data suggests that recurrence risk perception plays an
important role in parents’ decisions.

Accordingly, parents should clearly benefit from dis-
cussing recurrence risk with trained professionals such
as genetic counselors and/or clinical geneticists, given
that their reproductive decisions may change after receiv-
ing appropriate risk figures. Indeed, parents who had been
counseled by either a clinical geneticist or a genetic coun-
selor had more accurate risk perception, lower than those
who were not counseled. Moreover, significant differences
in knowledge were also observed between families who had
or had not visited a genetic service. Those who had visited
a genetic service obtained a higher mean punctuation (0.5
points on a total scale of 4), showing that they had received
more comprehensive information. Therefore, genetic test-
ing and counseling may be useful for parents, especially if
offered at the right time. In order to explore whether the
low access to genetic services previously discussed was
due to parental disinterest or to other factors such as lack
of referral, we asked parents about their interest in being
seen by a genetics provider. An overwhelming majority
(95%) answered favorably, including participants who had
already been visited, and half of parents in our study (47%)
believed that genetic factors were one of the main causes
of ASD, similar to previous studies conducted in Western
countries (Mercer et al. 2006; Selkirk et al. 2009).

This is the first study evaluating genetics perception
among parents of children affected with ASD conducted in
Spain. Since participants were recruited through parental
associations and participation was voluntary, our sample
may be biased, although most likely towards more informed
families. In addition, although we excluded families with
known causes from recurrence risk perception analysis,
our figures could be slightly overestimated, since some of
the participants may have refused to share their genetic test
results. Despite these limitations, we believe this work adds
to the body of research in a country where no similar stud-
ies had been conducted before, and significant efforts have
still to be made to translate genetic research into clinical
practice.
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In conclusion, the results of this study show a clear
underutilization of genetic services among families of chil-
dren with ASD in Spain, despite their widespread view
that genetics is one of the major causative factors and their
interest in genetic testing. Most patients did not have access
to the recommended tiered diagnostic approach that may
reach a diagnosis in up to one-third of cases, a fraction that
is expected to increase with the widespread clinical imple-
mentation of exome and genome sequencing. This lack of
service provision may have some negative effects on clini-
cal follow-up and more clearly on family planning. An
important fraction of patients and families would benefit
from achieving a molecular diagnosis and, if not reached,
all would benefit from appropriate genetic counseling with
empiric information about recurrence risk. Underutilization
of genetic services has also been reported in other Western
countries, such as the USA and to a less degree in France
(Amiet et al. 2014). It is a responsibility for Health Author-
ities and the genetics community to ensure that all families
with ASD can have access genetic services. Measures to
improve the awareness of the role and relevance of genet-
ics in ASD should addressed to both the general population
and other health professionals involved in the care of these
patients, which might contribute to increase referral rates to
genetic services. In addition, other measures are required
to minimize disparities between countries. In Spain, there
is also still a need for the establishment of formal training
programs and the legal regulation and recognition of the
genetic professions.
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