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Clinical relevance of genetic testing is increasing in autism spectrum disorder (ASD). Information about genetic risk may contribute
to improved diagnostics, treatment and family planning, but may also be perceived as a burden. Knowledge about the families’
preferences with regard to genetic risk information is important for both health care professionals and policy makers. We
investigated attitudes towards sharing information about genetic risk of ASD and knowledge about future health among parent
members of the Norwegian Autism Association (N= 1455) using a questionnaire, and the relationships with parent and child
characteristics, such as age, gender and ASD severity. Most preferred autonomy in deciding whom to inform about genetic risk of
ASD (74.4%) and a minority supported extensive intra-familial disclosure of the genetic risk (41.1%). The majority agreed that it is an
obligation to know as much as possible relevant for future health (58.0%) and only 51.7% agreed to a principle of a ‘right not to
know’. In regression models, the attitudes were associated with opinions about benefits and harms of genetic testing (e.g.,
treatment, family planning, understanding of ASD pathology, insurance discrimination and family conflict). In sum, the findings
show that most parents want to know as much as possible relevant for their children’s future health and keep their autonomy and
intra-familial confidentiality about genetic risk information. Nearly half of the parents were not concerned with a “right not to
know”. These attitudes can inform development of guidelines and bioethics in the age of genomic precision medicine.

European Journal of Human Genetics; https://doi.org/10.1038/s41431-021-00966-y

INTRODUCTION
Autism spectrum disorder (ASD) is defined by social communica-
tion and interaction deficits and repetitive behaviours. The global
prevalence is about 1% and disease burden is high [1]. Heritability
is estimated up to 90% [2]. Consistent with complex inheritance,
both environmental risk factors and common gene variants with
individually small effect size have been implicated in disease
etiology [3, 4]. Rare variants or copy number variants, especially de
novo variants, associated with a large risk of ASD are found in a
minority of persons [5]. The relative contribution of rare and
common variants has been estimated to 2.5–15% and 12–52%,
respectively [6].
Genetic tests have shown little practical benefit for most

people with ASD [5]. An ASD diagnosis is still based on
descriptive and behavioural criteria [7]. The proportion of cases
in which the etiology can be determined with genetic testing is
expected to increase to 30–40%, and clinical use is expanding
[8]. Clinical genetic testing may have potential to aid early
identification, predict prognosis and guide interventions [9]. It

may also trigger screening for medical problems, provide a
medical explanation and help find specific support groups and
assist family planning [5, 10].
Genetic testing typically includes extensive counseling and

emotional support. Still, the process of absorbing genetic risk
information may be difficult for parents. Identity issues may arise,
[11] genetic contributions may be overestimated and conse-
quently the value of behavioural interventions could be down-
played [12]. Family planning may be influenced in form of
discontinued reproduction [13] and issues of blame and guilt [14]
may affect family relations [15]. Stigmatization [16], discrimination
in employment and insurance [17] and negative general attitudes
in society at large may also occur [18, 19]. For non-psychiatric
disorders, no large negative, ethical, legal and social impacts
(ELSI) of clinical genetic testing have been identified in the general
population [20]. However, impacts may vary across traits
investigated and of the test results [20, 21].
To reduce negative impact of genetic risk information a “right

not to know” may be claimed. This right has support in various
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ethical and legal instruments, e.g., the European Convention on
Human Rights and Biomedicine, UNESCO’s Universal Declaration on
the Human Genome and Human Rights [22] and the World Health
Organization’s Review of Ethical Issues in Medical Genetics from
2003. A “right not to know” ‘may be in opposition to e.g., the ‘right
to know’ and health care professionals’ obligation to inform, and
these principles [23] are usually balanced on a case to case basis.
Little is known about attitudes towards these principles in parents
of children with ASD, making it difficult to develop empirically
informed ethical guidelines on genetic testing and the return of
genetic results in clinical practice [23].
In general psychiatry the majority of patients and parents have

claimed full autonomy in receiving and sharing genetic risk
information and full support of professional-patient confidentiality
[24, 25]. In the present study we focus on genetic testing in ASD.
Our aim was to explore parents’ attitudes towards four aspects: (i)
Should parents decide whom to inform about genetic risk
information? (ii) Should genetic risk information be shared
extensively in the family? (iii) Do we have an obligation to obtain
information about future health? and (iv) How important is a ‘right
not to know’? We also investigated how the responses to these
attitude questions were related to characteristics of parent (i.e.,
age and gender) and child (i.e., ASD severity and gender) relevant
for clinical genetic testing and counseling. To make the findings
relevant for practical bioethical guidelines, parents in favour and
parents against clinical genetic testing for ASD were separated in
the analyses. Finally, we explored the relation between parents’
attitudes and previously reported data on perceptions of benefits
and harms of clinical genetic testing in regression models [26].
Based on previous findings in general psychiatry [24, 25, 27] we
have four hypotheses: (#1) The majority of parents want to decide
themselves whom to inform about genetic risk, independent of
their child’s disease severity (Asperger syndrome vs. infantile
autism); (#2) The majority of parents prefers no intra-familial
disclosure of genetic risk; (#3) The majority of parents agree that
everyone has an obligation to know as much as possible
relevant information for future health of themselves and their
children and that this opinion will be most wide-spread in
parents of children with severe ASD; (#4) The majority of parents
find a ‘right not to know’ about health information important,
and this attitude is particularly prevalent among parents with
children with milder ASD.

MATERIALS AND METHODS
Participants
In collaboration with the Norwegian Autism Association, all parent
members were invited to participate. Those registered with email
addresses were contacted by email, which included a link to a web-
based questionnaire. Parents without a registered email address received
the questionnaire by paper mail, which included a prepaid return
envelope. Email but not paper mail reminders were sent to those not
responding. Answers were anonymous. In total, 3539 invitations were sent
(1990 by email and 1549 by paper mail) and 1455 parents responded
(41%). Of those, 917 (63%) responded through the web and 538 (37%) by
posting the questionnaire. Eleven responses were missing parents’ age, 7
were missing parents’ gender, 23 were missing children’s age, 29 were
missing children’s gender and 39 were missing specific ASD diagnosis. No
financial incentive or other rewards were provided to the respondents. The
survey was open to responders from first half of 2014 and closed at the
end of 2014 after two reminders.

Norwegian setting
This study was conducted in Norway where WHO’s International
Classification of Diseases 10th revision (ICD-10) has been used since
1997. Norway has a public health and school system. Those with special
needs have the right to individually tailored special education services. The
most common intervention programs for individuals with ASD are applied
behaviour analysis (ABA) or ABA derivatives, various forms of augmentative
and alternative communication and the TEACCH method [28]. The public

health care system provides genetic testing, centralized to medical
genetics departments at the university hospitals. If genetic test is indicated,
the first-tier diagnostic genetic test is array CGH (CNV screening) or specific
mutation screening [3]. If the condition is complicated by intellectual
disability or congenital malformations, exome sequencing with parental
samples might be offered. When a CNV or rare variant is identified in a
child with ASD, the family is offered genetic counseling and offered
predictive testing/carrier testing of the parents.

Questionnaire
The questions concerning attitudes to genetic testing were part of a
questionnaire with 45 items divided into four sections. The first section
asked about age and gender of the parents. The second section asked
about the parent’s firstborn child with an ASD diagnosis, the child’s specific
ASD diagnosis (infantile autism or Asperger syndrome), age at diagnosis,
comorbid somatic and psychiatric diagnoses and services offered and
received from the specialist health care system. Parents were not asked
how many children they have with ASD. The fourth section asked 23
questions about attitudes towards (i) genetic research, (ii) clinical genetic
testing and (iii) receiving information on general health related information
and ASD-specific genetic risk. The questionnaire emphasized that a
predictive genetic test for ASD is currently not available, but asked
participants to imagine the existence of a clinical test that could indicate
the risk of ASD.
Eight questions were adapted from a survey of attitudes to genetic

research and testing in families with a risk of malignant melanoma [9] and
adjusted to the context of ASD. The remaining 15 questions were
developed by our team and subsequently tested by representatives of the
Autism Association Norway, guided by themes elicited in a qualitative
study of awareness and attitudes among parents of children with ASD [19].
Overall psychometric properties of the questionnaire have not been
formally established, but the development process involved a team of
experts from multiple clinical disciplines and non-expert representatives
from the advocacy organization. Thus, we consider face and content
validity to be high. Responses were designed in a 5-point Likert format
with the “alternatives” “strongly disagree”, “partly disagree”, “neither
disagree nor agree”, “partly agree” and “strongly agree”, in addition to
“Don’t know” and “I don’t have an opinion”. We estimated 10–15min time
to complete the questionnaire.
The results regarding attitudes towards (i) genetic research and (ii)

clinical genetic testing have been reported previously [26, 29]. Attitudes
towards (iii) information about future health and genetic risk of ASD were
addressed in four items and reported here. The collected information was
anonymous and the Regional Committee for Medical and Health Research
Ethics (REC) concluded that the study did not require REC approval.

Data handling and analyses
Stata version 16 (StataCorp. 2019. Stata Statistical Software: Release 16.
College Station, TX: StataCorp LLC) was used for descriptive statistics and
IBM SPSS version 27 was used for t tests and regression analyses. The
responses from the questionnaire received by post were scanned and read
using ABBYY FlexiCapture 10 (ABBYY Europe, Munich, Germany) and
imported into an SPSS file. The online responses were imported directly.
First, descriptive statistics was performed. We treated the attitude

variables as interval data and used t tests to compare the attitudes of (a)
mothers versus fathers, (b) parents of children with infantile autism versus
parents of children with Asperger syndrome and (c) parents in favour of
versus parents against clinical genetic testing [30].
To investigate how parents’ attitudes to benefits and harms of genetic

testing influence their attitudes to statements about receiving informa-
tion relevant for future health and sharing ASD-specific genetic risk
information, regression analyses with forward stepwise variable selec-
tion were performed. To entertain an empirically guided analysis, each
step of the regression analyses was examined in order to identify sets of
variables that in combination may represent sets associated with the
reported attitude [31]. Due to lack of previous empirical knowledge
about attitudes towards genetic testing among parents of children with
ASD and a need to reduce model size, a forward stepwise procedure was
chosen. Selection criterion for inclusion of variables in the model was p
< 0.05. The final model selection was evaluated with the Automatic
Linear Modelling procedure in SPSS to search the entire space of all
possible models for best subset modelling [32]. Akaike’s Information
Criterion Corrected (AICC) was used as selection criterion to prevent
overfitting [32].
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RESULTS
Sample description
Demographic and diagnostic characteristics of the responding
parents and their children with ASD are shown in Table 1.

Attitudes toward sharing genetic risk information and
towards knowing about future health
As seen in Tables 2, 74.4% of the parents agreed to the statement
“parents should decide whom to inform about genetic risk for
ASD” and 41.1% agreed to “inform as many as possible”. A total of
58.0% of the parents agreed to “obligation to know” and 51.7%
agreed to “right not to know”.
Significantly more parents of children with infantile autism agreed

to the statement “inform as many as possible” in comparison to
parents of children with Asperger syndrome (t(1068) = 2.820, p <
0.05). The effect of disease severity is however small. Both means
falls between “neither disagree nor agree” and “partly agree”. This
disease severity association was still present after controlling for
other parent and child characteristics (i.e., parent’s gender, parent’s
age, child’s gender and child’s age) (β=−0.091, t=−2.897,
p < 0.05) and also explained a significant proportion of variance in
the attitude to “inform as many as possible” (R2= 0.011, F(5,1038) =
2.36, p < 0.05). None of the five parent and child characteristics (i.e.,
parent’s gender, parent’s age, ASD diagnose of child, child’s gender
and child’s age) we collected were significantly associated with the
other three statements (p values range from 0.057 to 0.952).
As reported earlier 8.59% (n= 125) of the parents in our sample

were explicitly against clinical genetic testing for ASD [26]. Parents
of children with Asperger syndrome (M= 0.11, SD= 0.310) were
more frequently against clinical genetic testing than parents of
children with infantile autism (M= 0.07, SD= 0.254) (t(1223.200) =
2.294, p < 0.05). Parents in favour of genetic testing were not
significantly different from parents against genetic testing in their
response to whether “parents should decide whom to inform”, but
they (M= 3.28, SD= 1.411) agreed significantly more than parents
against genetic testing (M= 1.76, SD= 1.083) to the statement
“inform as many as possible” (t(154.015) = 13.856, p < 0.05).
Parents in favour of testing (M= 3.73, SD= 1.381) also agreed
significantly more than parents against testing (M= 2.81, SD=
1.568) to “an obligation to know” (t(129.986) = 6.096, p < 0.05) and
they agreed significantly less (M= 3.42, SD= 1.456) to the
statement “right not to know” than parents against genetic testing
(M= 3.79, SD= 1.454) (t(1299) = −2.580, p < 0.05).

Associations with perceived benefits and harms of clinical
genetic testing
The independent variables are listed in Table 3. Results of
statistical analyses for variables both selected and excluded at
each step of the analyses are found in Table 4A. Reports of the
identification of close alternatives at each step which may form
sets together with the selected variable associated with the

outcome variable are found in Table 4B together with the best
model from an all-possible-subset approach.

Parents should decide whom to share genetic risk information
with
In an all-possible-subsets approach of the attitude to the
normativity of parental autonomy (“parents should decide”), the
model with the smallest information loss was comprised of eight
of the 11 predictors with varying relative variable importance (RVI)
in the model: ‘insurance discrimination’ (RVI= 0.274), “understand
ASD” (RVI= 0.213), “improve planning” (RVI= 0.150), “socially
constructed” (RVI= 0.145), “family planning” (RVI= 0.080) “family
conflict” (RVI= 0.066), and “treatment relevant” (RVI= 0.037) and
“increased concern” (RVI= 0.035); p range from <0.001 to 0.036;
adj R2= 0.143, p < 0.001. A forward stepwise regression analysis of
“parents should decide” produced a final model with the same
variables except from “increased concern” (p range from <0.001 to
0.043; adj R2= 0.155, p < 0.001).

Share genetic risk information with as many as possible in the
family
A best subset regression analysis of the attitude to the
importance of full intra-familial disclosure (“inform as many as
possible”) produced a model composed of “improve planning”
(RVI= 0.451), “family planning” (RVI= 0.349), “recurrence pre-
vention” (RVI= 0.140), “explain cause” (RVI= 0.045) and “family
conflict” (RVI= 0.014); p range from <0.001 to 0.077; adj R2=
0.305, p < 0.001. A forward stepwise analysis of “important to
inform as many as possible” included the same variables in the
final model except from “family conflict” (p range from <0.001 to
0.010; adj R2= 0.319, p < 0.001).

Obligation to know
In a best subset regression analysis of the attitude to the
normativity of being informed (“obligation to know”) nine of the
eleven predictor variables was included, the most important being
“improve planning” (RVI= 0.379), ‘family planning’ (RVI= 0.255),
“understand ASD” (RVI= 0.088), “family conflict” (RVI= 0.087) and
“future treatment” (RVI= 0.065) and “recurrence prevention”
(RVI= 0.047); p range from <0.001 to 0.142; adj R2= 0.190, p <
0.001. For all predictors, see Table 4B. In a forward stepwise
analysis of “obligation to know” the same variables presented
from the best subset model were included in the final stepwise
model (p range from <0.001 to 0.045; R2= 0.206, p < 0.001).

A “right not to know”
In a best subset regression analysis of the attitude to the
importance of a right to ignorance (“right not to know”) “insurance
discrimination” (RVI= 0.350), “family conflict” (RVI= 0.263),
“increased concern” (RVI= 0.229), “future treatment” (RVI=
0.086) and “family planning” (RVI= 0.071) were included (p range
from <0.001 to 0.035; adj R2= 0.078, p < 0.001). In a forward
stepwise analysis of “right not to know”, the same variables except
‘family planning’ were included in the final model (p range from
<0.001 to 0.038; R2= 0.085, p < 0.001).

DISCUSSION
The main findings of the present study were that a majority of the
parents perceive it an obligation to obtain as much information as
possible about their own and their children’s future health, and
that they want autonomy and intra-familial confidentiality about
genetic risk information. Interestingly, only a small majority agreed
that a ‘right not to know’ is important. These findings could be
used to inform future guidelines about procedures for information
about genetic testing in ASD.
In support of our hypothesis #1, a main finding was that 74.4%

of the respondents agreed that parents themselves should decide

Table 1. Demographics of parents and their children with ASD.

Responding parents n= 1455

Age of parents: mean (SD) {range} 46.7 (8.6) {22–87}

Gender of parents, females 81%

Age of children with ASD: mean (SD) {range} 16.5 (7.6) {3–58}

Gender of the children with ASD, males 80.5%

Specific ASD diagnoses of the children

Asperger syndrome 49.4%

Infantile autism 37.6%

Other ASD (Atypical autism and PDD-NOS) 13.0%

ASD Autism spectrum disorder, SD standard deviation, PDD-NOS Pervasive
Developmental Disorder-Not Otherwise Specified.
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whom to inform about a genetic risk of ASD. This attitude was
independent of their child’s type of ASD diagnosis. The all-
possible-subsets showed that the genetic testing harm ‘insurance
discrimination’ contributed significantly to parents’ attitude. This
implies that confidentiality in genetic testing for ASD is important.
The concern about insurance is unexpected in Norway where the
health care system is public and any kind of discrimination on the
basis of genetic constitution is prohibited by law [26]. The genetic
testing variable ‘understand ASD’ also contributed significantly to
this attitude, and relatively more so than the practical benefits and
harms, which may indicate that knowledge of the cause of the
condition is of primary importance for the parents, perhaps as a
sense of relief from uncertainty.
Another main finding was that only 41.1% of the respondents

agreed that it is important to inform as many as possible in the
family about genetic risk of ASD. This supports hypothesis #2.
Parents in favour of clinical genetic testing were indifferent, not
positive, to extensive intra-familial disclosure, which may under-
score the need for confidentiality even within the family. This
seems in accordance with the duty of confidentiality of profes-
sionals towards their patients [22]. In the familial sphere this
attitude seems to differ from a previously documented altruism
towards contributing to genetic research in the current sample
[29] and may also be seen to conflict with the focus on solidarity in
communal models of ethics [33]. Agreement to extensive intra-
familial disclosure was significantly stronger for those with
children with increased disease severity. This may indicate
inadequate knowledge of inheritance patterns and underscore
the importance of genetic counseling as higher heritability is
associated with milder ASD subtypes [3, 34]. It may also be
explained by a perception of burden of which symptom severity is
a predictor [35].
In support of the first part of our hypothesis #3 we found that the

majority of parents (58.0 %) agree that everyone has an obligation to
know as much as possible relevant for future health of oneself and
one’s children. This was positively associated with the testing
variables (“understand ASD”, “family planning” and “improved
planning of interventions and facilitations” etc.) and negatively
associated with the variable “family conflict”. This may indicate a

focus on their child’s best interests rather than on their own, in line
with a recent finding among parents of paediatric neurology
patients [36]. Parents’ attitudes may in some cases come in conflict
with the child’s future autonomy and “right not to know” although
concern for their children’s best interests may indeed facilitate
development of autonomy in other cases [37, 38].
We found that half of the sample (51.7%) agreed that it is

important to have a “right not to know”, which did not support our
hypothesis #4. This result is not in accordance with previous
results [25]. A “right not to know” seems explicitly to be connected
to informational privacy [39]. In the perspective of practical
everyday coping, respect for individual privacy may relate to
spatial privacy directed to the individual’s sense of self [40] and
individual preferences may be a topic for genetic counseling
rather than for legislation. A practical perspective of genetic
testing with counseling and support may explain the relative
infrequent interest in a “right” not to know. A “right not to know”
was associated with “insurance discrimination”, which may be less
relevant in countries with public health insurance. It was also
related to instigating “family conflict” and “increased concern” for
future health and development, both important aspects of genetic
counseling.
The attitudes documented here are from parent members of

an advocacy organization. Advocacy communities tend to focus
on talents and advantageous traits and that the cognitive styles
characteristic of ASD may contribute productively to science and
society [41, 42]. If ASD is not considered a disease, but rather a
valuable trait, attitudes towards genetic testing and genetic
information may be affected. The terminology of risk used in
medical genetics clinic and genetics research may be unfortu-
nate since it may downplay positive traits. Furthermore, our use
of the “disease severity” diagnostic/symptom criteria from
international research terminology [43] may not necessary
reflect challenges experienced by individuals on the autism
spectrum and their families [44]. In the current paper and in the
questionnaire, we have used standard international terminol-
ogy, while we recommend more neutral terms in line with
preferences of the communities, such as condition rather than
disorder.

Table 2. Parents’ agreement to statements regarding sharing information about genetic risk of ASD and knowing about their own and their
children’s future health.

Statement ASD n, Mean (SD) Disagree
(1–2)

Neither (3) Agree
(4–5)

NA Test result*

“Parents should decide” who to inform
about genetic risk for ASD.

A 456, 4.28 (1.16) t(1052) =
−1.182, p=
0.237

AS 598, 4.36 (1.12)

A+AS 1380,
4.31 (1.13)

8.9% 6.8% 74.4% 10.0%

It is important to “inform as many as
possible” in the family about genetic risk
for ASD.

A 467, 3.28 (1.45) t(1068) = 2.820,
p < 0.005AS 603, 3.02 (1.46)

A+ AS 1389,
3.15 (1.45)

31.5% 17.9% 41.1% 9.4%

Everyone has an “obligation to know”

information relevant for future health of
oneself and one’s children.

A 489, 3.71 (1.41) t(1128) = 1.473,
p= 0.141AS 641, 3.58 (1.45)

A+ AS 1419,
3.65 (1.42)

22.3% 13.5% 58.0% 6.4%

A “right not to know” information relevant
for future health of oneself and one’s
children is important.

A 483, 3.51 (1.47) t(1109) = 0.655,
p= 0.512AS 628, 3.45 (1.44)

A+ AS 1403,
3.45 (1.46)

26.0% 15.0% 51.7% 7.3%

A = Infantile autism, AS = Asperger syndrome, SD = Standard deviation. All rows add to 100%, NA = Do not know / Have no opinion. *Independent-samples t
test, two-tailed.
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The current study provides new empirical knowledge about
attitudes in ASD families toward principles regulating genera-
tion and dissemination of genetic risk information. Despite its
large size, our sample may not be fully representative of
attitudes of ASD parents as it was recruited from an advocacy
group. Other limitations are lack of comprehensive demographic
information, little information about disease severity and lack of
information of other children in the family with an ASD
diagnosis or psychiatric conditions, which may have impacted
the parents’ attitudes. It is also a limitation that the
questions were adapted from a questionnaire about malignant
melanoma which, although they were general, may be less
suitable for ASD. The data was collected in 2014, but the
changes in clinical genetics mainly involve new technical
equipment, while clinical genetics services are still underutilized
in ASD [45], making our findings relevant to the current state of
ASD clinical genetics.
In conclusion, these findings illustrate the complexity of the

attitudes towards genetic testing in ASD and underscore the need
for comprehensive genetic counseling. The results support current
trends advocating to move away from non-directiveness and
promote a proactive approach that involve recommendations to
serve the patient’s or family’s best interests [46]. Surprisingly, we
only found support for the importance of a “right not to know” by
a small majority (51.7%), which seems at odds with the explicit
support in various ethical and legal instruments [22]. It could be
discussed if this interest in ignorance should be relaxed in the
legislation, as it seems to depend on individual circumstances,
which are better dealt with in a genetic counseling setting.
Furthermore, the findings support current counseling practices
which addresses physical, societal, material and emotional aspects
of individual families [47]. Our findings also underscore the need
to provide contextual information upon delivery of ASD genetic
risk information, in line with findings in general psychiatry [48].
Replication in independent samples is warranted before ethical
guidelines relevant to modern genetic testing and counseling in
ASD are revised.
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