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General introduction

It is better to have love and lost than never to have loved at all
- Alfred Lord Tennyson

Quoted by a mother of a child with MPS Il



Chapter 1

GENERAL INTRODUCTION

Every two days a child with an inherited, metabolic disorder is born in the Netherlands.
Most inherited metabolic disorders are individually very rare, but together they are one of
the leading causes of infant mortality in the Netherlands'. Although some of the disorders
are nowadays detected by newborn screening followed by an early treatment, many
inherited metabolic disorders are characterized by a progressive, life-limiting course
without a disease modifying treatment available?.

Mucopolysaccharidosis type lll as illustrative disorder

Mucopolysaccharidosis type Il (MPS Ill or Sanfilippo syndrome) is a rare, life-limiting
autosomal recessive metabolic disorder primarily characterized by progressive cognitive
deterioration (see box 1)3. Although MPS Il has a broad clinical variability, the typical
neurological presentation of the disease can be divided into three phases* 5. Following
a seemingly normal development during the first years of life, the disease starts with
a development- and speech delay around 2-4 years (phase 1). The second phase
presents around 3-4 years and is characterized by severe behavioral problems (e.g.,
temper tantrums, attention deficit, restlessness), as well as severe sleep disturbances
(e.g., frequent nocturnal waking, reversal of normal sleep pattern) due to disturbances
in their circadian rhythm. In the final phase of the disease, around the age of 10, motor
retardation prevails with swallowing problems, spasticity and loss of the ability to walk
and speak. Patients eventually regress into a vegetative state, followed by a premature
demise in the second- or third decade of life®. Somatic and dysmorphic signs of the
disease are mostly mild and includes recurrent ear, nose and throat infections, diarrhea,
coarse facial features, thick hair and hirsutism, hepatosplenomegaly, cardiac signs, and
musculoskeletal disease®’. Given the non-specific signs and symptoms at presentation
of the disease, a diagnostic delay often occurs with a median of 33 months and children
are often misdiagnosed with idiopathic developmental delay, autism spectrum disorder or
attention deficit/hyperactivity disorder® °. Unfortunately, no disease modifying treatment
for MPS Il exists to date. Promising disease modifying treatments are currently under
investigation, including gene therapy'® ''. During the last years, preconception expanded
carrier screening (ECS) panels for severe, life-limiting autosomal recessive disorders,
including MPS Ill, have become available™.
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Box 1 | Mucopolysaccharidosis type Ill or Sanfilippo syndrome

Pathophysiology

MPS Ill is caused by a defect in one of the four lysosomal enzymes responsible for
the degradation of the glycosaminoglycan (GAG) heparan sulfate (HS)® . Based on
these different enzymes, four subtypes exists: MPS Ill type A (OMIM #252900), type
B (OMIM #252920), type C (OMIM #252930), and type D (OMIM #252940) (Figure
1). As a consequence of the enzyme deficiency, HS accumulates in cells, tissues and
organs resulting in cellular damage and irreversible, progressive cognitive deterioration
as the brain is most vulnerable for

H,C080,”
i the consequences of increased
At OTIg TS T ™ concentrations of (partially degraded)
HNSO,™ HS™
A sulfamidase 3 :
80,
H,C080,”
Ok wit Birth prevalence
N 0TIy TERAe TG The birth prevalence of all subtypes
RS-SRS It AcCoA together varies from 0.17-4.1 per 100.000
GleNAe — "y CoA births® 16 with type llIA and IlIB being
6-sulfatase H,C0s0,”
the most common subtypes.
al-wd
s OH D—I‘g:-'—l;lgs\;ﬂt—GLUCU—
i Phenotypes
s0” MPS IIl can be divided in the slowly
e 5 progressing (RP) phenotype and rapidly
al-»d . .
(HOH >_o_.t[s>:1—s|fgnc—cwcu — progressing (SP) phenotype™. The clinical
° A course of both phenotypes is similar,
g M-ocery e except that the rapid phenotype shows a
a-glucosaminidase id i f th t 18
oY e — awuey . MOre rapid progression of the symptoms'®.
(] ()

Figure 1| lllustration of the degradation of heperan sulfate (HS)

The capital letters A to D correspond with the enzyme deficiency in MPS IIl A to D. Valstar MJ, Ruijter GJ,
van Diggelen OP, Poorthuis BJ, Wijburg FA. Sanfilippo syndrome: a mini-review. J Inherit Metab Dis. 2008
Apr;31(2):240-52.

Impact on families

The progressive and grim disease course as described above puts a major strain on the
whole family, including parents, siblings, grandparents and other family members'®2'. Due
to the autosomal recessive inheritance pattern of MPS lll, usually no one in the family is
affected with the disorder and the diagnosis hits like a bolt from the blue. Parents often
wonder if they might have known this beforehand and feelings of (gene) guilt may arise.
Families anticipate an uncertain future and have to deal with a continuous process of
loss due to the progressive course of the disease, while having a realistic fear to lose
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the child. This will easily have negative consequences for the psychosocial health of
families, especially for parents caring for the child. Until now, literature on rare, life-limiting
metabolic disorders mostly focus on the genetic and pathophysiological aspects of the
disorders, future therapies or functioning of the child. The main goal of the current thesis
goes beyond the biomedical issues and focuses on the impact of MPS Il on families.

The first part addresses the impact of MPS Il on the psychosocial functioning of
parents, followed by the offer of a psychological treatment to improve parental functioning.
As the experiential knowledge of families (i.e., knowledge on the day to day impact of
the disease) may shape their views on the recent introduction of preconception ECS, the
second part of this thesis focuses on the perspectives of families compared to the general
public on ECS and assesses the effect of an educational video on genetic knowledge
and attitudes towards ECS in the general public.

Part I: Parental psychosocial functioning and treatment

Parental psychosocial functioning

Caregivers of children with a chronic illness are vulnerable for developing psychosocial
problems, including parenting distress?®> 23, anxiety and depression®: 25, and burn-out®.
Parents mostly provide extensive and complex care for the child that requires them to
fulfill multiple roles and additional responsibilities, which may negatively impact their
family life, employment, social life, and physical and mental health?”2°. Focus on parental
outcomes in the pediatric setting is important for both parents and the child, as parents
play a crucial role in the physical and psychosocial functioning of the child®0-%2. Studies
assessing the psychosocial functioning of parents caring for children with rare, life-
limiting metabolic disorders are however scarce. Previous questionnaire studies showed
elevated levels of anxiety and depression in mothers of MPS |l patients®® and high levels
of parenting distress®* 3. Two qualitative studies on parents of children with a range of
rare, life-limiting conditions (Batten disease, MPS |, MPS II, MPS Ill and MPS IVA) showed
that parents experienced the behavioral component of the disorders as a great burden®®.
Parents described their life as stressful, uncertain and ambiguous with the knowledge
that their child is living with a limited life expectancy®’. Although these studies are useful
for our understanding of the psychosocial functioning of parents, they comprised small
sample sizes and made no distinction between mothers and fathers. Moreover, the before
mentioned studies did not assess posttraumatic stress symptoms. This is remarkable as
the disease course of MPS Il may be accompanied by several ongoing traumatic events.
As result, parents may experience posttraumatic stress responses such as arousal (e.g.,
being easily angered), intrusions (e.g., having bad dreams), avoidance (e.g., staying
away from specific places or thoughts), and negative changes in mood and cognitions
(e.g., feelings of guilt or blame)®. The model of Pediatric Medical Traumatic Stress
describes these stress responses as ‘a set of psychological and physiological responses
of children and their families to pain, injury, serious illness, medical procedures, and
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invasive or frightening treatment experiences®®“°. In order to increase our understanding
of possible psychosocial problems in parents of MPS Ill patients, Chapter 2 reports on
the psychosocial functioning of parents including anxiety, depression, parental distress
and posttraumatic stress symptoms using parent reported outcome measures (PROMs).
This information forms an important first step in organizing appropriate psychosocial
support and interventions if and when needed.

Psychosocial support and interventions

A biopsychosocial oriented model guided by a social ecological framework for
approaching the treatment of families in pediatric care is the Pediatric Psychosocial
Preventive Health Model (PPPHM, see Figure 2).

CLINICAL/TREATMENT

» Consult behavioral health specialist.
* Intensify psychosocial services.
= Address impact on medical freatment.

M m H M T#mﬁn?dﬁlsrrey distress and risk factors.

= Provide interventions specificto symptoms
Acute or elevated distress. Other risk factors present or adherence needs.

Children and families are distressed but resilient. . m?nmgfnmﬁml risk.

Figure 2 | Pediatric Psychosocial Preventive Health Model

Reproduced with permission from the Center for Healthcare Delivery Science (CHDS) at Nemours Children’s
Health System © 2018-2019. All rights reserved. The PPPHM image may not be reproduced in any form for any
purpose without the express written permission of CHDS. To obtain permission to use or reproduce the most
recent version of the PPPHM, please contact CHDS atpsychosocialassessmenttool@nemours.org.

The model consists of three tiers in which each tier describes families with different
levels of risks and needs for psychosocial support*'. The first tier ‘universal’ represent
the largest group of parents. Most families do experience stress related to the disease of
the child, but they have minimal risk factors and enough resources for adequate coping.
Psychosocial care for this group parents should include e.g., psycho-education and
access to general supportive resources. The second tier ‘targeted’ represents a smaller
group of parents who presents with some (predisposing) risk-factors for psychosocial

1A
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problems. For these families, more targeted psychosocial support to reduce symptoms
and prevent ongoing distress is needed, e.g., (online) group interventions focusing on
specific difficulties in parenting a child with an illness. The third tier ‘clinical/treatment’
represents parents with several (predisposing) risk-factors for ongoing distress, such
as persistent anxiety, depression or posttraumatic stress symptoms. Parents should be
referred to a health psychologist for intensive, individual evidence based interventions*"
42, In oncology care, it was shown that 59.2% of the families fall within the universal tier,
33.6% in the targeted tier and 7.2% in the clinical/treatment tier*s.

Due to the progressive and grim course of MPS IIl, parents are exposed to several
risk factors and their coping skills are highly challenged, possibly necessitating targeted
(tier 2) and clinical treatment (tier 3). However, in current clinical practice, parents of
children with MPS 1l probably do not always get the specialized psychosocial care they
need. One of the possible reasons is that most parents focus on the wellbeing of their
child and place low priority on their own psychological health, as demonstrated in the
study of Murphy et al.?®. Even if parents recognize their own need of support, they may
face practical and logistical barriers for receiving care. Parents of children with a rare
disorder often live far from the hospital due to the nation-wide character of expertise
centers, which makes frequent hospital visits to receive psychological interventions
difficult. Referral to psychologists in their own neighborhood can be considered, but
these psychologists are often unfamiliar with rare diseases which might lead to a feeling
of misunderstanding in parents. Moreover, parents are overburdened due to the intensive
care for their child and therefore long-term psychological interventions might be a
barrier for parents to participate. To overcome these barriers, we assessed the potential
effectiveness of time-limited Eye Movement and Desensitization Reprocessing (EMDR)
therapy. Chapter 3 of this thesis describes both qualitative and quantitative results of
a pilot of EMDR therapy offered to two parents of MPS Il patients. In Chapter 4 we
subsequently assessed the feasibility and effectiveness of time-limited EMDR therapy
using a randomized controlled design.

Another approach to support ‘potential, future parents’ is to offer preconception
ECS. Preconception ECS permits prospective parents to determine if they are at risk
for conceiving affected offspring, thereby enhancing autonomous reproductive choice.

Part Il: Preconception expanded carrier screening

Following the severity and potentially high disease burden for both the child and the family,
MPS Il has been included in ECS panels to provide prospective parents with information
about their risk of conceiving an affected child in each pregnancy*4. Approximately 1-2 in
100 couples are at risk for conceiving a child with an autosomal recessive disorder®. If
parents are carrier of the same autosomal recessive disorder, they have a 1 in 4 chance
of having affected offspring in each pregnancy. Couples could then consider a number of
reproductive options, including: accepting the risk, refrain from having biological children,
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use of a donor gamete, preimplantation genetic testing (PGT), and prenatal diagnosis
followed by termination of the pregnancy*. Thus, these reproductive options allows
families to prepare for or to prevent the birth of an affected child.

How preconception expanded carrier screening is offered to the general public
Until recently, in Europe preconception carrier screening was only offered to specific
high risk populations based on geographic and/or ethnic background, family history
or consanguinity™ 4. The development of next-generation sequencing (NGS) makes
it feasible to screen for a large number of inherited disorders simultaneously without
increasing costs, allowing the offer of ECS panels to individuals without an increased
a priori risk* %, Since 2016, the University Medical Center Groningen (UMCG) offers
an ECS panel for 70 autosomal recessive disorders through general practitioners in a
research setting*® and the Amsterdam University Medical Centers offers an ECS panel
for 50 autosomal recessive disorders which is accessible for all prospective parents in
the Netherlands®. The latter is only reimbursed by health insurance companies if there
is a known increased risk for affected offspring. Both ECS panels consists of severe,
childhood-onset untreatable disorders, including MPS 111", Couples have a ~1 in 150 risk
that they are carrier of the same autosomal recessive disorder included in the panels,
resulting in a risk of ~1in 600 of conceiving affected offspring. This risk is comparable
to the risk of conceiving a child with Down syndrome at the age 37, a disorder routinely
screened for worldwide®.

Perspectives on preconception expanded carrier screening

The implementation of ECS raises various ethical concerns, including concerns about
medicalization and eugenics, termination of pregnancy and/or embryo-selection, and
discrimination towards disabled persons®'. Therefore, it is important to assess whether,
and if yes, how, ECS should be implemented in the health care system. Studies on
the opinions of the general population towards ECS are increasing in number over the
last few years, demonstrating a considerable interest in ECS® %3, Less is known on the
perspectives of families living with disorders included in ECS panels. Recently, studies
on the views of patients and families living with e.g., cystic fibrosis and spinal muscular
atrophy have been conducted, showing that the majority of families are in favor for
preconception ECS*6-%4. As experiential knowledge may play a crucial role in the value
people place on ECS% %, we expect that the views of families differ from those of the
general public. Furthermore, most people are completely unaware of the existence and
impact of rare, life-limiting disorders, and, in addition, have no or only limited knowledge
on the inheritance patterns of these type of disorders. As these factors might well be
essential to make an informed decision on ECS, we developed a short educational video
consisting of a summary on autosomal recessive inheritance, the current ECS offer in the
Amsterdam University Medical Centers and recordings of MPS Il patients as illustrative
disorder.

13
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In Chapter 5 we first assessed the attitudes of the general Dutch public towards
preconception ECS in order to serve as a comparison to families of MPS Il patients. In
Chapter 6 we assessed the attitudes of first- and second degree relatives of MPS I
patients and compared these with the outcomes of Chapter 5. In Chapter 7 we conducted
a focus group study to assess the underlying considerations found in Chapter 5 and 6,
and several subjects of debates among the implementation of ECS were discussed.
Chapter 8 reports the effect of the educational video compared to an educational text
on genetic knowledge and attitudes towards ECS in the general public.

In Chapter 9, the last chapter of this thesis, we discuss the main findings of this
thesis, their implications for clinical practice, and directions for future studies.
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Chapter 2

ABSTRACT

Background: Mucopolysaccharidosis type Il (MPS Il or Sanfilippo syndrome) is
a lysosomal storage disease resulting in progressive neurocognitive decline during
childhood and early demise. Its diagnosis may have a great impact on parents, potentially
leading to psychosocial problems such as anxiety, depression, parental distress, and
posttraumatic stress.

Methods: Twenty-six mothers and 19 fathers of 34 Dutch MPS Il patients completed
the ‘Hospital Anxiety and Depression Scale’ (HADS), the ‘Distress Thermometer for
Parents’ (DT-P) and the ‘Self Rating Scale for Posttraumatic Stress Disorders’ (SRS-
PTSD). Independent-sample t-tests and chi-square tests were used to assess differences
between parents of MPS Ill patients and reference groups regarding anxiety and
depression (HADS), distress (DT-P), and posttraumatic stress (SRS-PTSD).

Results: Mothers met the criteria for clinically relevant anxiety (50%) and depression
(34.6%) more frequently compared to reference mothers (p = 0.001). Fathers more often
met the criteria for clinically relevant depression (36.8%) compared to reference fathers
(p =0.022). Clinically relevant distress was highly prevalent in mothers (84.6%) and
fathers (68.4%) of MPS Il patients compared to reference parents (p < 0.01). Finally,
the prevalence of PTSD was strikingly higher in both mothers (26.9%) and fathers (15%)
than reported in the general Dutch population (respectively p < 0.001 and p < 0.05).

Conclusions: We report a clinically relevant impact of parenting an MPS Il patient on
psychosocial functioning, which is demonstrated by high levels of anxiety, depression,
distress and a remarkably high prevalence of PTSD. Structural monitoring of the
psychosocial functioning of MPS Il parents is therefore essential and may be beneficial
for the whole family.
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INTRODUCTION

Mucopolysaccharidosis type Il (MPS Il or Sanfilippo syndrome) is a lysosomal storage
disease primarily characterized by progressive neurocognitive decline during childhood'.
The first phase of the disease manifests after a seemingly normal development during the
first two years of life, followed by a slowing of cognitive development. The second phase
is characterized by severe sleeping problems, behavioral problems and progressive
cognitive decline. In the final phase of the disease, motor skills are lost and patients
become fully care dependent and bedridden®. No disease-modifying treatment is yet
available and patients usually die in the second or third decade of life®. The diagnosis
of this devastating disease may have great impact on the parents and the family.
Raising a chronically ill child requires parents to act in multiple roles involving complex
responsibilities, such as management of the diseaseand caring for healthy siblings*.
Parents of chronically ill children are at a greater risk for psychosocial problems such
as depression, anxiety, cognitive problems, and parental distress®”. Finally, parents
frequently face potentially traumatic events (e.g., receiving the initial diagnosis), followed
by short- or long-term stress responses®. Studies evaluating the psychosocial functioning
of parents of MPS Il patients reported elevated levels of parental distress, depression
and anxiety®'2. However, these studies comprised small sample sizes and results were
not compared with data on parents of healthy children. In addition, previous studies
made no distinction between mothers and fathers, which may be of interest as studies
focusing on other disorders identified significant gender differences in psychosocial
experiences of parents' '*. As detailed knowledge about the psychosocial functioning
of parents of MPS Il patients will help to organize appropriate (psychosocial) support
and interventions, we aimed to assess anxiety, depression and parental distress, as well
as posttraumatic stress symptoms, in mothers and fathers of MPS Ill patients compared
to Dutch reference groups.
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METHODS

Participants and procedures

Parents of all living MPS Il patients under care at the Academic Medical Center (AMC),
Amsterdam) were invited by letter to participate in this cross-sectional study. Parents
who gave permission to participate, received an e-mail with a personal link to online
questionnaires. Before starting the questionnaires, online informed consent was obtained.
The data collection was performed in accordance with the regulations of the Medical
Ethics Committee of the AMC, the Netherlands.

Measures

Sociodemographic characteristics

Since this study involves a relatively small sample size and the members of our research
group know all parents, we did not collect socio-demographic data of nonparticipating
parents to guarantee the anonymous nature of the study. Age, gender, educational level,
and marital status from participating parents were collected with a sociodemographic
questionnaire.

Anxiety and depression

Anxiety and depression were measured with the ‘Hospital Anxiety and Depression Scale’
(HADS)™. This questionnaire consists of 14 items with a four-point Likert scale (0-3)
divided into two subscales measuring symptoms of anxiety and depression experienced
during the previous week, resulting in scores from 0-21 for each subscale. Mean scores
on the subscales were calculated, and, the proportion of parents with clinically relevant
anxiety and/or depression (score of > 8) was reported. The Dutch version of the HADS
has shown to be valid and reliable'®. The Cronbach’s alpha values in the present study
were good (0.81-0.91). The results of parents of MPS IlI patients were compared to Dutch
reference parents’.

Parental distress
Parental distress was measured with the ‘Distress Thermometer for Parents’ (DT-P)'.
The DT-P consists of a thermometer score where parents were asked to rate their overall
distress (0 = no distress to 10 = extreme distress). Distress was indicated as clinically
relevant from a score > 4. The thermometer was accompanied by a problem list (parents
indicated whether they had experienced any of the listed problems during the previous
week) divided over six problem domains: practical, family/social, emotional, physical,
cognitive, and parenting. The problem domain scores the sum of the dichotomous
items (0 = no and 1 = yes) in each problem domain. Three additional questions about
perceived support and wish for referral were asked.

The DT-P is a well-validated short screening instrument to identify the level of
distress in parents of children with a chronic health condition®. The Cronbach’s alpha
values in the present study were moderate to good (0.65-0.88). The results of parental
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distress among parents of MPS Il patients were compared to Dutch reference parents
of healthy children®.

Posttraumatic stress

Posttraumatic stress symptoms were measured with the ‘Self Rating Scale for
Posttraumatic Stress Disorders’ (SRS-PTSD) questionnaire®. Parents were asked to think
of an event related to their child’s illness that has had the most impact on them. The SRS-
PTSD is a self-reported questionnaire for adults and contains 17 items corresponding to
the diagnostic DSM-IV symptoms of PTSD; re-experiencing, avoidance, and hyperarousal.
Symptoms experienced during the last four weeks were registered on a three-point Likert
scale (0-2). Higher scores represent more posttraumatic stress symptoms. Parents met
the criteria for PTSD if at least one reexperiencing, three avoidance and two hyperarousal
symptoms were present during the previous four weeks. The SRS-PTSD has shown to
have adequate psychometric properties?®. In the present study, Cronbach'’s alpha values
were good (0.76-0.91). The prevalence of PTSD among the general Dutch population,
measured with the same questionnaire, is known from the literature?'.

Statistical analyses

Statistical Package for Social Sciences (SPSS) (version 23.0, SPSS Inc., Chicago, IL,
USA) was used for all statistical analyses. First, descriptive statistics were used to
describe the sociodemographic characteristics of parents and the reference groups.
Baseline differences between parents and the reference groups were analyzed with
independent-sample t-tests for continuous data and chi-square tests/Fisher’s exact tests
for categorical data. Second, independent-sample t-tests were performed for continuous
data and chi-square tests/Fisher’s exact tests for categorical data to assess differences
between parents of MPS |l patients and reference parents on the outcomes of the
questionnaires. Effect sizes (d) were calculated by dividing the difference in mean scores
between the groups by the pooled standard deviation of both groups, to report the
strengths of the differences. P-values < 0.05 were considered statistically significant in
all statistical analyses.

RESULTS

Sociodemographic characteristics

Fifty-seven parents of 34 patients with MPS III were invited for this study. Four parents
declined participation as they indicated they were afraid that participation would be too
stressful. Eight parents did not complete the online questionnaires (response rate 78.9%).
Sixteen parent couples participated in this study (Table 1). Mothers and fathers were
significantly older than those in the reference groups (p < 0.001). However, as the age of
MPS Il parents was not correlated with the scores on the questionnaires, no correction
for age was used.
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Anxiety and depression

Mothers of MPS Il patients reported significantly higher mean levels of anxiety (p <
0.001) and depression (p < 0.001) than mothers in the reference group. In addition, they
reported more frequently clinically relevant anxiety (p = 0.001) and clinically relevant
depression (p = 0.001) than the reference group. Fathers reported more frequently
clinically relevant depression compared to fathers in the reference group (p = 0.022)
(Table 2 and 3).

Table 2 | Anxiety and depression (mean scores) in mothers and fathers of MPS IIl patients
incomparison to reference parents®

Mothers Fathers
MPS 111, Reference HADS, MPS 111, Reference HADS,
N=26 N=368 N=19 N=368
M (SD) M (SD) P d M (SD) M (SD) p d
Anxiety 8.0(4.3) 4.8(3.5) <0.001 0.90 5.7(3.9) 41(37) 0.067 0.43

Depression  6.0(3.6) 3.1(3.3)  <0.001 0.87 58(4.9) 3.6(3.6)  0.069 0.60

Effect size: d
Significant differences at p < 0.05 are presented in bold, according to independent-sample t-tests.
aHigher scores represent higher levels of anxiety and depression.

Table 3 | Clinical scores of anxiety and depression in mothers and fathers of MPS I
patients compared to reference parents?

Mothers Fathers
MPS 111, Reference HADS, MPS 111, Reference HADS,
N=26 N=368 N=19 N=368
N % N % p OR 95%ClI N % N % P OR  95% ClI
Anxiety 13 50 76 207 0.001 242 1.57-374 6 316 64 174 0128 1.82 0.90-3.65

Depression 9 346 44 120 0.001 290 1.59-5.26 7 36.8 56 15.2 0.022 2.42* 1.28-4.57

Significant differences at p < 0.05 are presented in bold, according to chi square tests.
aCut-off point for clinically relevant anxiety and depression: score of > 8.
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Parental distress

Mothers and fathers of MPS Il patients reported higher mean DT-P thermometer scores
and more frequently clinically relevant distress compared to reference parents (p <
0.01). Moreover, mothers and fathers reported higher scores on all domains compared
to reference parents (p < 0.001- p < 0.05), except for the social, physical and cognitive
domain for fathers. Analyses of the individual problem domain items revealed that
mothers of MPS |l patients reported significantly more often problems on 24 out of 34
items (p < 0.001- p < 0.05) and fathers on 15 out of 34 items (p < 0.001- p < 0.05). The
results of the additional questions showed that both mothers and fathers reported more
often than reference parents to have problems with receiving sufficient support from
people around them (p < 0.001), and indicated more often a (probable) wish to talk to a
professional about their situation (p < 0.001- p < 0.01). Fathers more often reported that
people in their surrounding react with a lack of understanding to their situation compared
to reference fathers (p < 0.05) (Table 4).

Posttraumatic stress

Ten parents (22%, 7 mothers and 3 fathers) met the criteria for the diagnosis of PTSD
(Table 5). When compared to the prevalence of PTSD among the general Dutch
population (3.8%)?', the prevalence in this study is significantly higher among mothers
of MPS Il patients compared to Dutch women (26.9% vs. 5.3%, chi-square p < 0.001)
and among fathers of MPS Il patients compared to Dutch men (15.8% vs. 2.2%, Fisher’s
exact p < 0.05).

Table 5 | Posttraumatic stress (symptoms) in mothers and fathers of MPS Il patients

Mothers (N=26) Fathers (N=19)

N % N %
Intrusions (= 1 symptom) 23 88.5 17 89.5
Avoidance (= 3 symptoms) 7 26.9 5 26.3
Hyperarousal (> 2 symptoms) 12 46.2 7 36.8
PTSD® 7 26.9 3 15.8

aCriteria PTSD are met if at least one intrusion, three avoidance and two hyperarousal symptoms have been
present in the previous 4 weeks.
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DISCUSSION

Our study investigated the psychosocial functioning of mothers and fathers of Dutch
MPS 1l patients by measuring levels of anxiety, depression, parental distress, and
posttraumatic stress.

Firstly, we demonstrate significantly higher mean levels of anxiety and depression
among mothers compared to reference mothers. Although not significant, the mean
level of anxiety and depression among fathers are also notably higher compared to
the reference fathers. Half of the mothers meet the criteria for clinically relevant anxiety
and approximately one third of both mothers and fathers meet the criteria for clinically
relevant depression. Twice as many fathers meet the criteria for clinically relevant anxiety
compared to reference fathers, although this is not significant. These high levels of anxiety
and depression are in line with previous research among parents of MPS Il patients® °.

Secondly, more clinically relevant parental distress and problems on all life domains
are found among both mothers and fathers compared to mothers and fathers of healthy
children. The reported levels of parental distress are strikingly higher in comparison to
those found in other studies on parents with chronically ill children'® 2325, For instance,
clinically relevant distress is reported in 63% of mothers and 59% of fathers of patients
with pediatric cancer?® compared to, respectively, 85% and 68% of the mothers and
fathers in our study. This is probably due to the fact that, in contrast to most of the
other investigated disorders, MPS Ill is an invariably progressive, neurodegenerative
and ultimately fatal disorder with no disease-modifying treatment available?”. Thus, after
receiving the diagnosis, parents face a very grim and uncertain future, without any hope
for improvement or cure. In addition, severe behavioral difficulties and sleeping problems,
which are common in MPS Il patients!, are also reported to be associated with increased
parental distress'" 22 Another striking conclusion is that approximately one third of
both mothers and fathers indicate that they do not receive enough support from their
surroundings.

Thirdly, the majority of the parents in this study report posttraumatic stress symptoms
related to their child’s iliness and an astonishing high percentage meet the criteria for
PTSD.

We believe that our study adds important and new information to the existing scarce
literature. First, we used a relatively large sample size compared to earlier quantitative
studies. In addition, almost as many fathers as mothers participated in this study, whereas
earlier studies included mostly mothers. The distinction between mothers and fathers
is important as the differences in experiences in psychosocial functioning should be
addressed in the care for parents of chronically ill children'. Finally, we are the first to
report on posttraumatic distress symptoms as a potential major factor in the psychosocial
impact of being a parent of an MPS Il patient, which may warrant a specific therapeutic
approach.

Some limitations of the present study need to be discussed. Firstly, four parents
declined participation as they felt too burdened, which could have led to selection bias.
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However, these parents may be even more affected by psychosocial stress than the
participants, leading to an underestimation of the problem. Secondly, due to the fact that
all data were coded, we are unaware of the disease phases the patients are currently
in. Therefore, we cannot correlate the patients’ disease phase with the psychosocial
functioning of the parents. However, we believe that not the disease phase in particular is
correlated to PTSD, but the fact that these parents are exposed to prolonged stress due to
multiple potential traumatic events (e.g., diagnosis, disease progression, disappointment
about treatment possibilities) over the trajectory of the illness' which may impede with
the normal diminishing stress response over time. Finally, we do not know which event
parents had in mind while completing the SRS-PTSD questionnaire. We did not want to
introduce bias by providing potential events, such as the moment of diagnosis, since
this varies per person.

It is noteworthy that, in our clinical experience, most parents do not have professional
psychosocial support, even though 69% of the mothers and 37% of the fathers indicate
that they (probably) would like to talk to a professional about their situation. Most
parents indicate that the wellbeing of their child is the most important, which was also
demonstrated in a previous study which reported that parents of MPS Il patients often
force themselves to retain a positive outlook in order to keep the family together™. This
indicates that most parents are strong and resilient and have efficient coping strategies.

Despite this admirable coping, our data stress the importance of structural
monitoring of the psychosocial functioning of these parents in daily clinical practice,
as this may help to improve the wellbeing of parents and also of healthy siblings. Since
parents often experience anxiety and stress following their child’s diagnosis'?, we propose
to incorporate a medical psychologist consultation as standard of care immediately
after the diagnosis. In addition, by using a short screening instrument such as the DT-
P8, parents could be structurally monitored and those parents who need support may
thus be identified’, followed by psychosocial support (for instance referral to a clinical
psychologist or social worker). Although most psychologists are not familiar with MPS
I, local services should be able to provide treatment for anxiety, depression, distress
and/or PTSD.
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Chapter 3

ABSTRACT

Parents of children with severe inborn errors of metabolism frequently face stressful events
related to the disease of their child and are consequently at high risk for developing
parental posttraumatic stress disorder (PTSD). Assessment and subsequent treatment
of PTSD in these parents is however not common in clinical practice. PTSD can be
effectively treated by Eye Movement Desensitization and Reprocessing (EMDR), however
no studies have been conducted yet regarding the effect of EMDR for parental PTSD.
EMDR is generally offered in multiple weekly sessions which may preclude participation
of parents as they are generally overburdened by the ongoing and often intensive care for
their child. Therefore, we offered time-limited EMDR with a maximum of four sessions over
two subsequent days to two parents of mucopolysaccharidosis type Il (MPS Ill) patients
to explore its potential effects. Both qualitative and quantitative outcomes were used to
evaluate treatment effects. Both parents felt more resilient and competent to face future
difficulties related to the disease of their child, and no adverse effects were reported.
Quantitative outcomes showed a clinically significant decrease in posttraumatic stress
symptoms and comorbid psychological distress from pre- to post treatment, and these
beneficial effects were maintained at follow-up. In conclusion, time-limited EMDR may be
a highly relevant treatment for traumatized parents of children with MPS 111, and probably
also for parents of children with other rare progressive disorders. Further research is
needed to validate the efficacy of EMDR in this specific population.
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BACKGROUND

Inborn errors of metabolism (IEMs) constitute the largest group of disorders in childhood
causing progressive intellectual and neurologic deterioration, often in the absence of
a disease modifying treatment'. Although these disorders are individually rare, their
combined prevalence is substantial?. Earlier studies showed that IEMs have a highly
negative impact on the psychosocial functioning of parents®%, and that parents of
children with IEMs report a lower health related quality of life compared to parents of
other chronically ill children, including pediatric cancer’. Parents frequently face potential
traumatic medical events (e.g., during the diagnostic phase, but also related to palliative
treatment and procedures related to clinical trials) followed by short- or long term stress
responses®. Consequently, these parents are pre-eminently at risk for developing parental
posttraumatic stress disorder (PTSD)*'". According to the 5" edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5), facing a life-threatening disease
in one’s child indeed qualifies as an event that may lead to PTSD™. Parental PTSD is
diagnosed when parents fulfill PTSD criteria related to their child’s iliness and experience
symptoms such as intrusions, avoidance, negative alterations in mood and cognitions,
and hyper arousal® *.

Although the assessment of parental PTSD related to severe pediatric diseases
such as cancer has gained significant interest'® '3 studies focusing on PTSD in parents
of children with rarer diseases such as IEMs are lacking. Evaluating the presence of
PTSD may less often be considered when parents are continuously exposed to
stressful events, in contrast to parents of pediatric patients who have experienced more
delineated traumatic events (e.g., a restricted period of intense treatment or an acute
hospital admission). Therefore, we recently assessed posttraumatic stress symptoms in
parents of mucopolysaccharidosis type Il (MPS lll, Sanfilippo syndrome) patients', a
rare lysosomal storage disorder characterized by developmental delay from the age of
2-4 years often with severe behavioral problems and subsequent progressive mental
deterioration leading to severe dementia and premature death'®. We found a remarkably
high prevalence of PTSD (22%, compared to 3.8% in the general Dutch population')
in parents of MPS Il patients, underpinning the need for effective trauma treatment™.

Until now, over 30 randomized controlled trials (RCT) have demonstrated the
efficacy of Eye Movement and Desensitization and Reprocessing (EMDR) in reducing
symptoms of posttraumatic stress'®. Studies on the clinical utility of EMDR for parental
PTSD have, however, not yet been conducted. This is remarkable, as parental PTSD
also has a significant influence on the psychosocial wellbeing of the child', and may
be characterized by other treatment effects. In addition, EMDR is generally provided in
weekly sessions which may preclude participation of parents of MPS Il patients, as they
are often overburdened by the complexities of parenting their child* 2°. In order to make
treatment more accessible, we offered four sessions of EMDR (1.5 h each) scheduled
on two subsequent days, to two unrelated parents of MPS Il patients. We designed this

41



Chapter 3

case study to explore the value of time-limited EMDR therapy for traumatized parents
of progressively ill children, thereby obtaining data that can be used for future studies.

METHODS

Participants and procedure

The two participating parents (a mother and a father from different families) were recruited
by the Dutch expertise center for MPS Il (Amsterdam University Medical Centers). The
age of the children was approximately 10 years. The children were diagnosed when
they were three and four years old. Parents were referred to the psychology unit by their
metabolic pediatrician for treatment of presumed posttraumatic stress symptoms and
had not previously received trauma treatment or other formal psychological therapy. The
parents visited the hospital on three separate occasions; once for the intake session (1.5
h) and twice for EMDR (2 times 1.5 h per day). EMDR was provided by two licensed
clinical psychologists (LH and CR), who have completed accredited training in EMDR
(LH: level ll, CR: licensed EMDR Europe Child and Adolescent trainer). Written informed
consent from parents to describe their cases in the literature was obtained. Minor details
have been amended to ensure patient confidentially.

EMDR therapy

EMDR therapy was delivered following the standard eight-phase protocol?" 22, During
the intake session, history taking consisted of a standardized case conceptualization
assessing a hierarchy of stressful memories and flash forwards (a mental representation
of a feared catastrophe) related to the disease of their child. During EMDR, parents were
asked to focus on the most distressing image of the selected memory (target image)
or flash forward, eliciting the dysfunctional negative cognition (NC) related to the target
image, as well as accompanying emotions and somatic sensations. In the desensitization
phase, parents focused on the target memory, while simultaneously focusing on an
external distracting visual or tactile stimulus. At regular intervals the parents had to rate
the target memory with the subjective units of disturbance (SUD) score, with 0 = ‘no
disturbance’ and 10 = ‘worst disturbance possible’, until the target memory was no longer
disturbing (SUD = 0) and a functional cognition was rated a 7 on the 7 point Validity of
Cognition (VOC) scale, with 1 = ‘totally unbelievable’ and 7 = ‘totally believable’. At the
end of the session the therapist checked for and processed any residual disturbing body
sensations, followed by a positive closure and evaluation®! 22,

Assessments

Parents completed reliable, validated questionnaires to measure posttraumatic stress
symptoms (related to the disease of their child) and comorbid psychological distress
prior the start of EMDR (T0), 1-month post treatment (T1) and at follow-up (T2, mean
duration of 6 months after treatment).
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Severity of posttraumatic stress symptoms was measured by the Dutch Impact of
Event Scale-Revised (IES-R; Kleber & De Jong, 1998)?* 24, The IES-R consists of 22 items,
rated on a four-point scale according to how often each posttraumatic stress symptom
has occurred in the past 7 days (0 = not at all, 1 = rarely, 3 = sometimes, 5 = often). The
total score ranges from 0 to 110, where a higher score indicates more posttraumatic
stress symptoms.

Comorbid psychological distress was measured using the Brief Symptom Inventory
(BSI1)?26. The BSI consists of 53 items that assesses different psychological symptoms
(including the symptom dimensions Somatization, Obsession-Compulsion, Interpersonal
Sensitivity, Depression, Cognitive issues, Anxiety, Hostility, Phobic anxiety, Paranoid
ideation and Psychoticism) rated on a five-point Likert scale (0 = none, 1 = some,
2 = quite, 3 = quite a lot, 4 = extremely). The total score consists of the mean score on
all items, where a higher score indicates more symptoms.

Statistical analysis

First, the qualitative data of the case conceptualization, content of the EMDR sessions
and effects reported by parents were described. Second, the reliable change index
(RCI), which controls for coincidence or error, was calculated for pre- to post treatment
change scores on the IES-R and BSI. RCls > 1.96 indicates a significant change at p
< .05, suggesting a reliable change. In the current study, a clinically significant change
is considered when the post treatment score falls within the range of the mean score
minus/plus two standard deviations of the normative population?”. To calculate the RCI
for posttraumatic stress scores (IES-R), the SD and the test-retest reliability (a) of the
norm scores of Olde et al.?® were used, with SD = 13.0 and a = 0.88. To calculate the
RCI for comorbid psychological distress (BSI), the SD and the test-retest reliability (a) of
the norm scores of De Beurs et al.2® were used, with SD = 0.72 and a = 0.97.

RESULTS

Qualitative results: Case conceptualization and EMDR sessions

Case 1 (father)

The most important symptoms reported by the father were irritability, inability to tolerate
bright light and loud sounds, sleeping problems, fatigue, troubles concentrating and
remembering, sadness, and feelings of guilt towards a healthy sibling. The disturbing
memories and flash forwards reported by father are listed in Table 1. During the first
day of EMDR therapy (two sessions), three out of four traumatic memories and flash
forwards were processed. The residual flash forward was processed at the first session
of the second treatment day. The fourth session was superfluous, due to the fact that
all memories and representations had been neutralized. The total duration of the EMDR
therapy was 4.5 h. The father reported feeling very surprised by the positive effect of the
treatment in such a short period of time. He felt less easily irritated, tolerated bright light
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and loud sounds better and was more able to concentrate at work. He reported to feel
better equipped to balance the care between his children. He divided the attention for
the ill child and healthy sibling more equally with his partner, which made him feel less
guilty. Fatigue was still present, but he did not experience feelings of sadness anymore.
He expressed to feel resilient and competent to face future difficulties related to the
disease of his child. No adverse events occurred.

Table 1 | Most stressful memories and flash forwards related to the IEM of their child

Case 1 (father) Case 2 (mother)
Stressful memories
Comforted the child in the hospital, saying that The pediatrician communicated the diagnosis

everything would be okay after a minor ENT operation ~ MPS IIl to the parents (SUD 9)
(grommets). Now the diagnosis MPS Il is known, it

became clear that ‘everything would not be okay at all’

(failure as parent, SUD 7)

The pediatrician communicated the diagnosis MPS Ill  Termination of a subsequent pregnancy because
to the parents (SUD 6) the fetus was diagnosed with MPS [l (SUD 8)

Announcement from the hospital that the clinical
trial (enzyme replacement therapy®?), in which the
child participated, was prematurely terminated
(loss of hope, SUD 7)

Attending the funeral of another MPS Ill patient
(SUD 6)

Flash forwards

Funeral of their child with MPS 111 (SUD 9) Her child in a vegetative state with palliative care
by deep sedation and withholding of fluids (SUD
10)

Image of the child in a special disability-inclusive Her child in a wheelchair, no longer able to
transport necessitating a lot of medical equipment communicate by laughing, eye contact or
(tubes) and making repetitive movements and movements (SUD 8)

screaming sounds (SUD 8)
Sudden death of the child (SUD 7)

SUD subjective units of disturbance score.

Case 2 (mother)

At baseline, this mother reported the following psychological symptoms: irritability,
difficulties with concentrating and completing tasks, binge eating, sadness, worrying,
and not being able to enjoy the interaction with her children. The disturbing memories
and flash forwards she reported during the intake session are presented in Table 1. All
disturbing memories (four) were fully processed during the first treatment day (highest
SUD score first). The two flash forwards were processed during the second treatment
day. She reported an immediate effect after the first treatment day. She felt more cheerful,
was less easily irritated, was able to stop binge eating and managed to finish tasks.
Moreover, she could now also focus on the healthy sibling and was able to enjoy the
interaction with her children. She still suffered from fatigue, but did not needed to sleep
during the day anymore. Finally, she now could ignore worrying thoughts and felt more
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competent to handle future stressful events related to the illness of her child. No adverse
events occurred.

Quantitative results

Case 1 (father)

Measurement post treatment (T1) showed a clinically significant decrease in posttraumatic
stress symptoms and comorbid psychological distress compared to TO (Table 2).
Improvement was maintained at 3 months follow up (T2).

Case 2 (mother)

Measurement post treatment (T1) showed a clinically significant decrease in posttraumatic
stress symptoms and comorbid psychological distress compared to TO (Table 2).
Improvement was maintained at 9 months follow up (T2).

Table 2 | Reliable change index (RCI) for posttraumatic stress and comorbid psychological
distress

TO T T2 RCI
IES-R total score (0-110) TO-T1 TO0-T2 T1-T2
Parent 1 67 24 12 6.75* 8,64 1.88
Parent 2 62 12 3 10.36* 10.52* 0.16
BSI total mean score (0-4)
Parent 1 1.40 0.30 0.40 6.24* 5.67* 0.57
Parent 2 1.53 0.28 0.26 7.09* 7.02¢ 0.1

*Significant decrease between measurements at p < 0.001.

DISCUSSION

This study reports the effects of a time-limited EMDR therapy in two parents of unrelated
MPS Il patients. A maximum of four sessions of EMDR scheduled over two subsequent
days resulted in a significant decrease of posttraumatic stress symptoms and comorbid
psychological distress in both. Moreover, no adverse effects were reported.

The size and persistence of the effects at follow up in our study are remarkable,
especially in the context of the progressive and grim course of MPS IlI, generally causing
ongoing daily stress for the whole family* . Most PTSD patients who are treated with
EMDR are trying to cope with traumatic symptoms resulting from past events, delineated
in time, whereas parents of progressively ill children will experience multiple traumas
during the course of the disease, and may even more suffer from threats of expected
future medical crises and an early death.

45



Chapter 3

The traumatic memories and flash forwards outlined in this study may provide
valuable information for medical and psychological professionals about potential traumatic
events for parents of children with rare progressive disorders. Since both parents indicated
that receiving the diagnosis of their child was still one of the most stressful memories,
we are convinced that direct referral to a health psychologist at the time of diagnosis
should be standard care, which is common practice in less rare childhood disorders.
Our data also reveals the importance of identifying flash forward representations related
to future ‘worst-case scenarios’, which was also recently highlighted in a pilot study
on the effect of EMDR in multiple sclerosis patients®'. Identifying and treating flash
forward representations may be essential for a successful EMDR treatment for parents
of progressively ill children.

In general, our findings in combination with the high prevalence of parental PTSD in
this population underline the importance of structural screening for posttraumatic stress
symptoms, for example by using Patient Reported Outcome Measures (PROMs). Early
and effective treatment of parental PTSD is essential, both for the health of the parents
as well as for the child. Even a few posttraumatic stress symptoms can have a significant
influence on various parenting domains, such as the ability to respond in a sensitive
manner to the needs of the child or parenting satisfaction, which may all negatively
impact the psychosocial functioning of the child'® %233, |t has indeed been shown in
other pediatric populations, such as pediatric cancer, that parental posttraumatic stress
symptoms were associated with psychosocial problems (e.g., behavior problems) in the
child®.

One limitation of this study was that the timing of the follow-up measurements was
not equal for both parents. One participant (the mother) completed the third measurement
at 9 months instead of 3 months post treatment, following several reminders by the
researcher. This illustrates that even the completion of questionnaires may take a lot of
effort of parents, often overburdened by the intensive and complex care for their ill child.
Therefore, the use of brief screening instruments at standard times in future research is
recommended.

In conclusion, time-limited EMDR might be an efficient treatment to significantly
reduce posttraumatic stress and comorbidity in parents of children with a progressive
disease. The small number of parents included in this study does not allow definite
conclusions. However, the promising and clinical relevant outcomes of this report should
stimulate future studies such as RCTs to validate the efficacy of EMDR for traumatized
parents of children with rare progressive disorders.
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ABSTRACT

Importance: Parents of children with a progressive life-limiting iliness are at risk for
parental posttraumatic stress disorder (PTSD). Studies on the treatment of parental
PTSD with eye movement and desensitization reprocessing (EMDR) therapy in pediatric
practice are lacking.

Objective: To evaluate the feasibility and effectiveness of time-limited EMDR therapy in
reducing PTSD symptoms, comorbid psychological symptoms, distress, and parental
stress.

Design: Mono-center randomized clinical trial conducted between February 2020
and April 2021. Parents were assigned to EMDR therapy or a wait-list control condition
followed by EMDR (delayed treatment). Validated measurements were conducted at
baseline, post-treatment/post-waitlist, and 3-months post-treatment.

Setting: Dutch expertise center for mucopolysaccharidosis type Ill (MPS I1l), Amsterdam
University Medical Centers, the Netherlands.

Participants: Fourteen parents (N = 7 mothers, N = 7 fathers) of MPS Il patients
reporting PTSD symptoms on a (sub)clinical level.

Intervention: Four sessions of EMDR therapy (each 90 minutes) divided over two half-
days.

Main Outcome(s) and Measure(s): The primary outcome was PTSD symptom severity
(PTSD Check List for DSM-5). Secondary outcomes included comorbid psychological
symptoms (Brief Symptom Inventory), distress (Distress Thermometer for Parents) and
parenting stress (Parenting Stress Questionnaire). Between-group comparisons pre-to-
post treatment (N = 7 EMDR vs. N = 7 wait-list) and within-group comparisons (EMDR,
N = 14) from pre-to-post treatment and from pre-treatment to 3-months follow-up were
carried out per intent-to-treat linear mixed model analyses.

Results: Compared to wait-list, EMDR therapy resulted in a significant reduction on total
PTSD symptom severity (d = 1.78) and on comorbid psychological symptoms, distress
and parenting stress (d = .63-1.83). Within-group comparisons showed a significant
effect on all outcomes at post-treatment (d = 1.04-2.21) and at 3-months follow-up
(d=.96-2.30) compared to baseline. EMDR therapy was well-tolerated, associated with
a low drop-out rate, a high therapy adherence and no adverse events.

Conclusions and Relevance: Time-limited EMDR therapy reduces PTSD symptoms,
psychological comorbidity, distress and parenting stress in parents of children with a
progressive, life-limiting illness. This treatment was feasible for these overburdened
parents. Recurrent monitoring of PTSD symptoms, and, if needed, offering this time-
limited type of trauma treatment should be introduced in everyday pediatric practice.

Trial Registration: Dutch Trial Registry (NL849); https://www.trialregister.nl/trial/8496.
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INTRODUCTION

Parenting a child with a progressive, life-limiting illness makes parents vulnerable for
psychosocial problems, potentially leading to an impaired quality of life"-2. Their caregiver
role, often consisting of intensive care on daily basis, results in a reduction of time for
e.g., employment, social life and leisure activities® 4. In addition, parents are exposed
to an accumulation of potential traumatic medical events during their child’s disease
course and they have to deal with persistent fears about the future and feelings of loss®
6. Exposure to ongoing stressful events may lead to a wide variety of psychological
problems, including posttraumatic stress disorder (PTSD)’. According to the DSM-5,
PTSD includes clusters of symptoms of intrusions (cluster B; e.g., nightmares), avoidance
(cluster C; e.g., avoiding certain people or places), negative alterations in mood and
cognitions (cluster D; e.g., feelings of guilt), and hyperarousal (cluster E; e.g., irritability)8.
When parents experience these symptoms related to the traumatic experiences of their
child and fulfill the criteria for PTSD it is referred to as parental PTSD.

An illustration of a progressive, life-limiting illness which may evoke such stress
responses is mucopolysaccharidosis type Il (MPS Il or Sanfilippo syndrome). MPS I
is an inherited metabolic disease characterized by progressive cognitive deterioration
from the age of approximately 2 years, often with severe behavioral problems, ultimately
leading to a premature demise® '°. No disease modifying treatment is available to date'.
The majority of parents of children with MPS Il demonstrate PTSD symptoms related to
their child’s iliness and 22% meet PTSD criteria'.

Effective treatment of parental PTSD is essential for both the parents and the child
as chronic distress in parents has a negative impact on the cognitive, social and physical
development of the child, especially on children with behavior problems, a development
disorder, or chronic illness™ . Eye Movement Desensitization and Reprocessing (EMDR)
therapy is a highly effective treatment for PTSD' 6, and is recommended as first line
treatment in clinical guidelines'” . EMDR is generally offered in multiple sessions over
several weeks. However, parents of children with a life-limiting iliness are burdened by the
extensive care for their child and they often live relatively far away from expertise centers,
which makes frequent hospital visits difficult. In a recent case study, we demonstrate that
a time-limited course of EMDR (four sessions of 90 minutes EMDR scheduled over two
half-days) in two parents of MPS Il patients resulted in a decrease of PTSD symptoms
and psychological comorbidity™. The current randomized clinical trial aims to validate the
feasibility and effectiveness of time-limited EMDR in traumatized parents of a child with a
life-limiting illness in terms of reducing PTSD symptom severity, comorbid psychological
symptoms, distress, and parenting stress.
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METHODS

Design

The study was a mono-center randomized clinical trial in which participants were
randomly assigned to EMDR therapy or to a wait-list control condition of six weeks,
followed by EMDR (delayed treatment). As a result all parents had the opportunity to
receive EMDR. The study was conducted in accordance with the Declaration of Helsinki
(2013), registered in the Dutch Trial Register (NL8496) and approved by the Medical
Ethics Committee of the Amsterdam University Medical Centers, location AMC. All
parents gave written informed consent.

Participants, procedure and randomization

All parents of a child with MPS Il known in the only expertise center in the Netherlands
at the Amsterdam University Medical Centers received an information letter between
February 2020 and April 2021. Inclusion criteria were: 1) at least a moderate or high score
(2-4) on one symptom in each cluster (B, C, D or E) or met 3 of the 4 PTSD criteria (one B
symptom, one C symptom, two D symptoms and two E symptoms) measured by the PTSD
Check List for DSM-5 (PCL-5) or a subclinical score (>24) on the PCL-5, and 2) sufficient
knowledge of the Dutch language to complete the assessments. Exclusion criteria were:
1) major interfering acute medical or psychiatric condition, such as psychosis or high risk
for suicide and 2) receiving psychological trauma treatment by another therapist during
study participation. Participating parents completed online questionnaires to screen for
eligibility (TO, baseline measurement). Parents who were part of a couple could both
participate and followed an individual, independent trajectory in the study.

Eligible parents were randomly assigned on a 1:1 basis to one of the two study
arms. Block randomization, with randomly selected block sizes of 2, 4 and 6, were
used to reduce bias and achieve minimal differences in group sizes. An independent
researcher performed randomization by computer. Parents and therapists were aware
of the allocated arm, outcome assessors were kept blind.

Online validated questionnaires were completed at baseline/pre-treatment (T0),
2-weeks post-treatment (T1), and 3-months post-treatment (T2). The wait-list control
group completed an additional questionnaire post wait-list (T.01) before receiving EMDR
therapy. After the last follow-up a telephonic interview was done to assess if parents
considered the EMDR sufficiently successful in reducing their symptoms or if a referral
for more psychological support was needed.

Intervention

EMDR

The intervention consisted of an intake session (first visit; 90 minutes) followed by four
sessions EMDR (90 minutes per session) over two treatment days (two sessions per
a half-day, 30 minutes between sessions). Time between the treatment days was one
to two weeks. The intake session resulted in a standardized case conceptualization in
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which a hierarchy of stressful memories or flash forwards (a mental representation of a
feared catastrophe) related to the disease of the child was described. EMDR was offered
by following the standard eight-phase protocol?® 2'. Full details of the procedure were
reported in Conijn et al.®.,

Treatment was provided by three EMDR-therapists, all licensed psychologists who
had completed accredited courses in EMDR under monthly supervision by an EMDR
Europe consultant. Additional supervision was provided via email and telephone upon
request. All EMDR sessions were audio or video-taped. A total of 10% (N = 5) of the
treatment sessions was randomly selected, stratified on therapist and session, to be rated
on treatment adherence by using an EMDR integrity checklist. Treatment adherence
was 94%.

Wait-list
Parents in the wait-list condition did not receive any form of psychological support. They
were aware that they could receive EMDR therapy after the waiting-list period.

Measures

Socio-demographic characteristics and information on use of medication and
psychological treatment were collected by self-report questionnaires.

Primary outcome

PTSD symptom severity was measured with the PTSD Check List for DSM-5 (PCL-
5)?2, a self-report questionnaire that measures the 20 DSM-5 PTSD symptoms on the
following subscales: intrusions (B), avoidance (C), negative alterations in cognitions and
mood (D) and hyperarousal (E) over the last week. ltems are rated on a five-point Likert
scale, ranging from 0 ‘not at all’ to 4 ‘extremely’ (total score range 0-80). The following
calculation was used for an indication of PTSD; items rated >2 were added up (at least;
one B symptom, one C symptom, two D symptoms and two E symptoms). A cut-off score
of 33 is indicative for PTSD?. A cut-off score of 24 was considered as subclinical PTSD.
The PCL-5 demonstrated adequate psychometric properties®. Cronbach’s alpha in the
current trial was .89.

Secondary outcomes

Comorbid psychological symptoms were measured with the Brief Symptom Inventory
(BSI)?4, a self-report questionnaire (53 items) that consists of a total score and nine
clinical scales: somatization (SOM), obsessive-compulsive (OC), interpersonal sensitivity
(IS), depression (DEP), anxiety (ANX), hostility (HOS), phobic anxiety (PHB), paranoid
ideation (PAR) and psychoticism (PSY). ltems were measured on a five-point Likert scale
from 0 = ’'none’ to 4 = ‘alot’. The BSI demonstrated adequate psychometric properties?.
Cronbach’s alpha in the current study was .94.
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The Distress Thermometer for Parents (DT-P) was used to assess distress and
everyday problems when parenting a chronically ill child®®. The DT-P is a screening
instrument that consists of a thermometer score where parents are asked to rate their
overall distress (0 = ‘no distress’ to 10 = ‘extreme distress’), accompanied by a problem
list (parents indicated whether they experienced problems divided over six domains:
practical, family/social, emotional, physical, cognitive, and parenting (child’s age > 2
years version). Problem domain scores were the sum of the dichotomous items (0 = ‘no’
and 1 = 'yes’) in each problem domain and a total problem score can be calculated.
The DT-P demonstrated adequate psychometric properties?. Cronbach’s alpha in the
current trial was .85.

Parenting stress is measured with the Parenting Stress Questionnaire (OBVL), a
self-report questionnaire consisting of 34 items that measures stress that parents may
experience in five parenting domains: parent-child relationship, parental incompetence,
depressed mood, health complaints and role restriction?. Items were measured on a
Likert scale ranging from 1 = ‘does not apply’ to 4 = ‘applies completely’. The Parenting
Stress Questionnaire demonstrated adequate reliability and validity?”. Cronbach’s alpha
in the current trial was .90.

Statistical analyses

Statistical Package for Social Sciences (SPSS) version 26.0 for Windows was used for
all statistical analyses (SPSS, Inc., Chicago, IL, USA). P-values <.05 were considered
statistically significant. Baseline differences between groups were analyzed using
independent sample t-tests for continuous data and Fishers exact tests for categorical
data.

Between-group comparisons to assess efficacy of the intervention (N = 7 EMDR)
vs. waitlist control (N = 7) at T1/T.01 on the primary outcome (PCL-5) and the secondary
outcomes (BSI, DT-P and OBVL) were performed using intention-to-treat Linear Mixed
Models (LMM) to account for dependency of data within participants and missing data.
We did not account for dependency within families given the intraclass correlation
coefficient of .15 and the small numbers within families®®. The model was fitted with
a random intercept and fixed slopes for intervention, time, and the interaction term
intervention x time.

Within-group comparisons of the combined group to assess the effect of EMDR
(N = 14) on the primary outcome (PCL-5) and the secondary outcomes (BSI, DT-P, OBVL)
were performed using intention-to-treat LMM with time as fixed effect. Data of the EMDR
group (TO) and of the wait-list control group (T.01) were combined as baseline measurement
and compared with outcomes at T1 and T2. Between- and within effect sizes (Cohen’s
d) were calculated, were < .49 was considered small, between .50 and .79 medium,
> .80 large®. Furthermore, Reliable Change Indexes (RCIs) were outcomes on the
primary outcome (PCL-5) at T1 and T2 compared to TO/T.01 to interpret the treatment
effect on an individual level®°. Participants were defined as ‘recovered’ if there was both
a statistical reliable change (RCI < -1.96) and a clinically significant change (PCL-5 score
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-2SD lower compared to total sample mean at baseline). Participants were defined as
‘improved’ if there was only a statistical reliable change, and defined as ‘unchanged’ if
both were lacking. Information on the calculation of effect sizes and the reliable change
indexes are provided in Supplementary materials A.

Finally, drop-out rates and adverse events were described to explore feasibility.

RESULTS

Inclusion, attrition and sociodemographic and clinical characteristics

Eighteen out of 73 invited parents completed the first set of questionnaires (response
rate 19.2%). Fourteen parents (77.8%) met the inclusion criteria (N = 7 EMDR, N = 7 wait-
list, see Figure 1). Four parents were excluded as they did not report PTSD symptoms
on a (sub)clinical level. No significant differences at baseline were found between the
experimental and control group (Table 1). In total, three parent couples participated in
the study.

Enroliment 18 Assessed for eligibility

4 Excluded

4 Did not meet inclusion criteria

v

14 Randomized

T

L Allocation J

7 Allocated to EMDR

6 Received allocated intervention

1 Did not receive second treatment day due
to COVID-19 lockdown

l T |

Follow-up
6 Completed 2-weeks post-treatment (T1) L'—‘—) 7 Completed waitlist (T.01)

7 Allocated to EMDR
7 Completed 2-weeks post-treatment (T1)
7 Completed 3-months follow-up (T2)

Analyses?
v v

7 Included in ‘between-group’ analyses 7 Included in ‘between-group’ analyses
7 Included in ‘within-group’ analyses 7 Included in ‘within-group’ analyses

7 Allocated to wait-list (n=7)

5 Completed 3-months follow-up (T2)
1 Lost to follow-up

Figure 1 | Consort diagram showing the flow of participants through the trial in each
group. 2Analyses included all available data from each subject up to withdrawal or trial
completion.
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Table 1 | Baseline sociodemographic and clinical characteristics of intent-to-treat sample

EMDR WL
N M (SD) N M (SD) P
Demographic characteristics
Age parent (years) 7 441 7 47.9 .49
Age child with MPS Il (years) 7 12.4(10.8) 7 15.9 (7.8) .50
N % N %

Gender (female) 3 429 4 571 .59
Married/living together 5 71.4 6 85.7 .52
Number of children living at home .84

1 2 28.6 3 42.9

2-3 4 571 3 42.3

>3 1 14.3 1 14.3
Number of children with MPS 1lI 1.0

1 6 85.7 6 85.7

2 1 14.3 1 14.3
Educational level? 1.0

Low 0 0 0 0.0

Intermediate 3 42.9 3 42.9

High 4 571 4 5741
Country of birth (the Netherlands) 6 85.7 6 85.7 1.0
Paid employment 5 71.4 5 71.4 1.0
Clinical characteristics
Earlier psychological treatment 4 28.6 5 35.7 .50
Medication (antidepressant) 1 14.3 1 14.3 1.0

WL wait-list, EMDR eye movement and desensitization and reprocessing. 2Educational level: low (primary
education, lower vocational education, lower and middle general secondary education), intermediate (middle
vocational education, higher secondary education, pre-university education), and high (higher vocational
education, university).

Between-group comparisons (EMDR vs. wait-list)

Primary outcome

Results of the between-group comparisons are presented in Table 2. Compared to wait-
list, EMDR therapy resulted in a significant reduction on total PTSD symptom severity
(PCL-5) with a large effect size (d = 1.78) at T1/T.01. Moreover, participants in the EMDR
group reported a significant reduction on all subscale scores with large effect sizes
(d=1.04-1.61) at T1/T.01.
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Secondary outcomes

Compared to wait-list, participants in the EMDR group reported significant reductions on
total comorbid psychological symptoms (BSI), the distress thermometer and total distress
score (DT-P), and parenting stress (OBVL) at T1/T.01 (Table 2). Effect sizes were medium
to large and ranged from d = 0.63-1.83.

Within-group comparisons (EMDR)

Primary outcome

Within-group comparisons (N = 14) showed significant reductions in total PTSD symptom
severity and subscale scores (PCL-5) with large effect sizes T1 vs. TO/T.01 (d = 1.04-2.16)
and T2 vs. TO/T.01 (d = .96-2.30) (Table 3).

Furthermore, individual scores (Figure 1) showed that 9 out of 13 parents that
completed assessment T1 ‘recovered’ (69.23%), 3 parents ‘improved’ (23.07%) and 1
parent ‘unchanged’ (7.69%). At T2, 10 out of 12 parents that completed assessment T2
were ‘recovered’ (83.33%), one parent ‘improved’ (8.33%) and one parent ‘unchanged’
(8.33%) (Reliable Change Indexes in Table 5, Supplementary material B).

Secondary outcomes
Within-group comparisons showed significant reductions in total comorbid psychological
symptoms (BSI), the distress thermometer, total distress score (DT-P) and parenting
stress (OBVL) with large effect sizes T1 vs. TO/T.01 (d = 1.12-2.21 ) and T2 vs. TO/T.01
(d =.98-1.69) (Table 3).

Drop-out and adverse events

In total, all except one parent completed treatment (92%). One parent dropped out due
to the COVID-19 lockdown after the first EMDR treatment day (7.14%) and missed two
sessions EMDR in one half-day. Furthermore, one parent was lost to follow-up at the
follow-up assessment. No adverse events were reported.
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Figure 2 | Individual scores and sample mean PCL-5 at pre-treatment (TO/T.01),
post-treatment (T1) and 3-months follow-up (T2). RCls are presented in Supplementary
material B.

DISCUSSION

This is the first randomized clinical trial that investigates the feasibility and effectiveness
of time-limited EMDR therapy for traumatized parents of children with a progressive,
life-limiting illness. We show that EMDR therapy is feasible and effective in reducing the
severity of PTSD symptoms, comorbid psychological symptoms, distress and parenting
stress. Moreover, this study shows that a relatively time-limited course of EMDR was
sufficient for the majority of parents to recover with regard to their PTSD symptoms and
comorbid symptoms. These results are even more striking when taking into account
the ongoing stressful events related to the progressive, life-limiting nature of MPS 111531,

Previous intervention studies concerning parental PTSD related to the child’s illness
mainly focused on other treatment methods, including cognitive behavioral therapy,
acceptance and commitment therapy and problem solving therapy®?2¢. The majority of
these study concerned parents of children with cancer or cancer survivors and three
out of five studies reported a decrease in PTSD symptoms after a range of 6-8 sessions.
In comparison with these studies, time-limited EMDR in parents of children with MPS IlI
shows a larger treatment effect in a shorter amount of time.
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Effective treatment of parental PTSD is highly relevant for pediatric practice, as
stress symptoms in parents impact on the psychosocial and physical wellbeing of the
child™ %37 For example, parental PTSD may interfere with a responsive parenting coping
style or the ability to provide the necessary medical care to the child® . Although
earlier studies showed elevated rates of PTSD (symptoms) in parents of children with
disorders such as pediatric cancer, epilepsy or burn injuries” 4% 4! literature on parents of
children with neurodegenerative, life-limiting illnesses as well as on treatment of parental
PTSD in this specific population is lacking. This might be due to the fact that screening
and treatment of PTSD is less often considered in pediatric practice when parents are
confronted with ongoing, long-term child-related traumatic experiences. However, parents
who perceive a continuous risk of life threat related to their child’s illness have the highest
risk to suffer from PTSD*?. Based on the large effect sizes and persistence of the effects
found for EMDR in our trial we feel that this treatment should be offered to parents with
(subclinical) PTSD, especially in the presence of ongoing traumatic events. Therefore,
regular monitoring of these parents for PTSD symptoms seems warranted and it is
plausible that trauma-focused treatment, such as EMDR therapy, may be indicated more
than once during the course of the disease. Given the low drop-out rates in the current
trial, offering EMDR in a time-limited schedule may be recommend for overburdened
parents.

The response rate to invitation in the current trial still was relatively low. This may
reflect the high burden of parenting a child with a life-limiting illness leading to less time
for prioritizing of own (psychosocial) health?. Moreover, parents possibly do not associate
their distress with unprocessed stressful experiences and might be unfamiliar with EMDR
therapy. Also, inclusion of parents started shortly before the COVID-19 pandemic reached
the Netherlands. Many parents mentioned the extra burden on their family as result of
e.g., closing of medical daycares, combining the care for their child with homeschooling
of siblings, and financial distress. These additional stressors might have negatively
impacted the response rate. Due to the COVID-19 pandemic, therapists in our hospital
has started to offer EMDR therapy online*3, which could be a promising approach to
lower the barrier for parents to receive trauma treatment in the future.

Strengths of the current randomized controlled trial are the use of a standard
manualized treatment, valid instruments, delayed-treatment control group and optimized
treatment adherence. However, also some limitations should be discussed. First, this
study was initially named as pilot study (https://www.trialregister.nl/trial/8496) due to the
small sample size, and statistical outcomes should be interpreted with caution. Since
all families of living MPS Il patients in the Netherlands were approached for this study
and the effects of EMDR therapy are large, we consider our study of sufficient evidence
to recommend EMDR for this specific population. Second, the generalizability of the
findings may be limited. However, we assume that this treatment may also be beneficial
for parents of children with other neurodegenerative life-limiting illnesses. Finally, the
lack of a long-term follow up measurement limits conclusions about the maintenance of
the treatment effects.
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Conclusion

In conclusion, results of the current randomized controlled trial show that time-limited
EMDR therapy is a feasible treatment that significantly reduces the severity of PTSD
symptoms, psychological comorbidity, distress and parenting stress in traumatized
parents of children with a progressive, life-limiting illness. As effective trauma treatment is
beneficial for both parents and their diseased child and siblings, recurrent monitoring for
PTSD symptoms in parents, and, if needed, offering this treatment should be introduced
in everyday pediatric practice.
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SUPPLEMENTARY MATERIAL A

Calculation of effect sizes

Between group effect sizes were calculated by subtracting the estimated mean difference
for pre-to-post wait-list (WL) from the pre-to-post EDMR and dividing the mean difference
by the pooled baseline standard deviation. Within group effect sizes were calculated by
dividing the estimated difference in means from TO/T.01 to T1 and TO/T.01 to T2 by the
pooled baseline standard deviation.

Calculation of reliable change indexes

The Reliable Change Index for individual reported PTSD symptoms measured by the
PCL-5 were calculated using the following formula: Reliable Change = (Mean PCL-5_
—Mean PCL:5 ) / S PCL-5 (Jacobson & Truax, 1991) in which the test-retest reliability
of .82 was used.
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Chapter 5

ABSTRACT

Background: A substantial number of severely debilitating and often ultimately fatal
inborn errors of metabolism (IEMs) still lack an effective disease-modifying treatment.
Informing couples before a pregnancy about an increased risk of having a child with an
inherited disorder is now feasible by preconception expanded carrier screening (ECS).
While knowledge about carrier status enhances reproductive autonomy, it may also
result in ethical dilemmas. The purpose of this study was to assess the attitudes of the
general Dutch population towards preconception ECS and to investigate which factors
influence these attitudes.

Methods: Data collection was carried out in collaboration with a market research agency.
In total, 1188 Dutch individuals of reproductive age (18-45 years) were invited by email
to complete an online ECS questionnaire in 2016. Prior to the start of the questionnaire,
a written explanation of the concepts of autosomal recessive (AR) inheritance, carrier
status and ECS was presented.

Results: The questionnaire was completed by 781 individuals (65.7%), of whom 31%
indicated they would take an ECS test themselves. In addition, 55% agreed that ECS
should be offered to all prospective parents. The most frequently selected argument in
favor of ECS (47.2%) was that participants want to spare a child from a life with a severe
hereditary disorder. The reason most often mentioned not to participate in ECS (48%)
was that participants reported not having a hereditary disorder in the family. The majority
preferred receiving individual test results above a couple-based disclosure method in
which participants receive the carrier status results only when they are a carrier couple
of the same disorder. Participants with religious beliefs were less likely to participate in
ECS, whereas participants who were considering a (future) pregnancy were more likely
to participate.

Conclusion: Our study demonstrates an overall positive attitude among participants of
reproductive age in the general Dutch population towards preconception ECS. A striking
misconception is that many of the participants believe that ECS is of interest only for those
with a positive family history of one of the hereditary disorders. This finding emphasizes
the importance of providing understandable, balanced information and education to the
general public regarding the concepts of inheritance when presenting the option of carrier
screening. Our results provide valuable insights that can be used in the debate about
the responsible implementation of preconception ECS for AR disorders, including IEMs.
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INTRODUCTION

Despite significant scientific advances over the last several decades, many inborn errors
of metabolism (IEMs) unfortunately still lack an effective disease-modifying treatment. Due
to their often progressive nature, either gradual or characterized by episodic crises, IEMs
generally result in deteriorating health with progressive psychomotor dysfunction, pain,
respiratory distress and a risk for early demise. This situation may lead to a significant
loss of quality of life of the child, the parents and other family members'-2. In general, IEMs
have an autosomal recessive (AR) inheritance pattern, resulting in a 25% risk of having
an affected child when both partners of a couple are a carrier of the same disorder.
Because carrier status does not affect one’s health, most parents are unaware of their
carrier status before the birth of their child with an IEM, and most affected children are
the first child identified in the family*.

Preconception carrier testing of family members of previously identified patients, so-
called cascade testing, aims to increase reproductive autonomy by informing individuals
about a possible increased risk of having a child with an IEM and providing reproductive
options, including prenatal diagnostics, preimplantation genetic diagnosis (PGD) or
refraining from reproduction?. Carrier screening, instead of cascade testing, is defined
as the identification of carrier status for recessive inherited diseases in healthy individuals
with no a priori increased risk based on a positive family history®. Carrier screening is
mainly used in populations with a high prevalence of carriers of specific AR disorders, for
example, due to a high prevalence of founder mutations or based on ancestry®. Carrier
screening in individuals of Ashkenazi Jewish decent has virtually eliminated births of
children with Tay-Sachs and several other IEMs in this population’.

The introduction of next generation sequencing (NGS) has paved the way for
universal expanded carrier screening (ECS), offering large panels of multiple AR
disorders simultaneously to prospective parents in a general population*® °. In the
general population, approximately one to two in every 100 couples are at risk of having
a child affected with an autosomal or X-linked recessive genetic condition'®. Since most
people are unaware of their carrier status and the family history is negative in most
cases, the birth of an affected child is mostly unexpected*. Universal preconception
ECS aims, before a pregnancy, to identify couples who are both carriers for the same
AR disorder and thus face a 1-in-4 risk of having an affected child in each pregnancy'.
Preconception ECS tests, including panels of more than 100 genetic disorders (AR
and X-linked), have been introduced internationally, mainly by commercial companies''.
However, as commercially available tests may not always include high quality pre- and
posttest information and counseling, such tests do not ensure an optimal informed
consent procedure'. Furthermore, concerns exist about the inclusion of variants of
unknown significance as well as the inclusion of relatively mild disorders®. In addition, if
a commercial company offers online testing for founder mutations with a high prevalence
in a specific population, a negative test result can lead to a false reassurance of not being
a carrier'®. An alternative is to offer universal preconception ECS within the healthcare
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system. Such an ECS test for AR conditions has recently been made available to the
public in the Netherlands by Amsterdam University Medical Centers (Amsterdam UMC)
(currently 50 disorders)' and by University Medical Center Groningen (UMCG) (currently
70 disorders)’®. These tests cost between €500-1000 and are not reimbursed. While in
2018 the ECS offered by UMCG is based on parallel testing and couple-based disclosure
(i.e., a couple is only informed on their combined results and no individual carrier results
are reported), the ECS offered by Amsterdam UMC includes the choice between parallel
or sequential testing of partners and, irrespective of this choice, all individual results are
reported. Over 60% of all conditions included in both these ECS panels are considered
as IEMs. These ECS panels aim to test for severe childhood-onset disorders for which
a highly effective disease-modifying treatment is mostly lacking, leading to significant
intellectual disability and/or a limited life expectancy. ECS panels may also include
conditions which respond well to early start of treatment and are included in newborn
screening (NBS) panels, as patients may already have life threatening symptoms and
even die before the heel prick or before the results of the NBS panel are available, such
as maple syrup urine disease (MSUD) and long-chain 3-hydroxyacyl-coA dehydrogenase
(LCHAD) deficiency.

While knowledge about being a carrier couple enhances reproductive autonomy and
could be regarded as a personal benefit* 187, ECS may also lead to ethical dilemmas for
the individual or couple (e.g., as a result of religious beliefs), for the family (e.g., dealing
with complicated decisions) and for the society as a whole (e.g., the involved costs and
fear of a possible revival of eugenics)* 1 €.

Many studies have been performed regarding the attitudes of the general public
towards carrier screening for one or several disorders'®2?2 and in specific high-risk
groups®®26, In recent years there is increasing interest in the attitudes of the general public
towards universal preconception ECS. Previous studies have investigated the attitudes
towards ECS of couples in which the women are pregnant?” and towards ECS of adopted
individuals®®, showing positive attitudes towards ECS in 32% and 76% of the participants,
respectively. In addition, a recent study by Plantinga et al.?® on the attitudes of the Dutch
public towards preconception ECS also addressed attitudes towards couple-based
disclosure, i.e., meaning that individual test results are disclosed only if both partners
of a couple are carriers for the same genetic disorder (carrier couple). The same Dutch
research group also investigated which factors influence intended ECS participation®.

The purpose of our study was to assess public attitudes towards preconception
ECS for AR disorders in order to learn more about public acceptance and to address
possible misconceptions. We also assessed whether people prefer individual- or couple-
based test result disclosure and which factors influence these attitudes, including
sociodemographic factors and knowing someone with a hereditary disorder. While we
specifically did not intend to discuss which disorders would be eligible for inclusion in
such an ECS panel or the sensitivity and specificity of this approach for the detection of
the individual disorders, we used Sanfilippo syndrome (mucopolysaccharidosis type IlI
or MPS ll) as an example to illustrate to the participants the nature of the disorders that
are part of the ECS panel.
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METHODS

Participants and procedures

Dutch individuals of reproductive age (18-45 years) were invited by email to complete
an online questionnaire in October 2016. Data collection was carried out in collaboration
with a Dutch market research agency (Kantar TNS) to assure a large representative Dutch
sample in a short period of time. This external agency provides access to respondents in
their database, with a panel of 55,000 households that have indicated that they are willing
to participate in online questionnaire research on a regular basis in exchange for a small
financial reimbursement (4 Euro). With the intention to obtain 780 respondents, a stratified
sample of 1188 participants was drawn from the database based on an average response
rate of 68%. Three reminders were sent to obtain a sufficient number of participants.
The key demographics gender, educational level, regional area and social-economic
status were used to assure a representative sample of the Dutch population. Age was
divided into three categories: 18—-24, 25-34 and 35-45 years. The second age category
was overrepresented in our sample (50% of all participants) to ensure that a majority of
the participants were at a reproductive age®'. Educational level was divided into three
categories (low — intermediate — high) according to the classification of the Dutch Bureau
for Statistics (CBS)%. To increase precision and minimize sample variance, a stratified
random sampling technique was used. In addition, the sociodemographic characteristic
‘religious belief’ of the main income provider of the family was provided to us.

Prior to the data collection, online informed consent was acquired from all
participants. The study was approved by the Medical Ethics Committee of Amsterdam
UMC, the Netherlands.

ECS questionnaire

The ECS questionnaire used in the current study was a compilation of items from existing
questionnaires previously used for investigating public attitudes towards ECS among the
Ashkenazi Jewish population®* and towards carrier screening for cystic fibrosis (CF)°.
The compiled ECS questionnaire (supplementary Text A) was adapted by consensus
by members of the research team, including experts in pediatric metabolic diseases,
psychology and genetics. As most people are not aware of the nature of the disorders
that may be included in ECS panels, such as presentation, course, and heritability, we
provided a brief educational summary on AR inheritance, the ECS test and a description
of Sanfilippo syndrome as an example of these types of disorders (Supplementary Text
B).

The ECS questionnaire consisted of seven domains:

|. Intention to participate in ECS (‘Would you take a carrier test yourself?’).

II. Level of agreement on feelings towards ECS in general and personally considering
ECS (e.g., I find it ethically acceptable that all couples considering a (future)
pregnancy can take the carrier test’).

[l. Perceived benefits of and barriers against ECS, and freedom-of-choice statements.
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A. Perceived benefits of ECS (e.q., ‘The carrier test can avoid suffering for future
parents’).

B. Perceived barriers against ECS (e.g., ‘The carrier test creates too high
expectations of the birth of a healthy child’).

C. Freedom-of-choice statements (e.q., ‘The carrier test should be offered to every
couple that wants to have children’).

IV. Most important reasons in favor of ECS and against ECS (e.g., ‘I want to spare my
child from a life with a severe hereditary disorder’).

V. Perceived social influences when considering ECS (e.g., ‘To what extent is the
opinion of your partner important when considering ECS?’).

VI. Perceived personal consequences of ECS.

A. Considerations regarding test results of ECS (e.g., ‘The results of the carrier test
can help me in making decisions about having children’).

B. Perceived consequences as a carrier (e.q., ‘If | were a carrier, | would find it
difficult to inform my family members about their increased risk of being a
carrier’).

C. Perceived feelings as a carrier couple (e.g., ‘I would feel stressed’).

D. Perceived reproductive choices as a carrier couple (e.g., I would consider testing
the fetus by prenatal diagnostics during the pregnancy’).

VII. Practical questions about offering ECS (e.g., ‘How much would you be prepared
to pay for a carrier test?” and ‘How would you like to be informed about the test
results?’).

Domain | and some questions from domain VIl consisted of multiple-choice questions.
Answers from domain Il were measured using a semantic five-point differential scale
with seven bipolar adjective word pairs: negative-positive, undesirable-desirable,
frightening-nonfrightening, unwise-wise, nonreassuring-reassuring, unethical-ethical,
logical-illogical. The answers from domain IV and the remaining part of domain VIl were
measured by choosing a maximum of two arguments out of a list of arguments. The
level of agreement on all other domains was given on a five-point Likert scale (1 = totally
disagree/unimportant to 5 = totally agree/important).

In addition, the sociodemographic characteristics ‘marital status’ and ‘considering
a (future) pregnancy’ were collected. Furthermore, three questions were asked to
investigate the familiarity with carrier screening and hereditary disorders: (1) ‘Have you
ever heard of a carrier test before this questionnaire?’; (2) ‘Have you ever taken a carrier
test?” and (3) ‘Do you (or have you) know(n) someone with a hereditary disorder?’ followed
by an open answer to substantiate their answer (domain VIII).

Statistical analyses

The Statistical Package for Social Sciences (SPSS) version 23.0 for Windows was used
for all statistical analyses (SPSS, Inc., Chicago, IL, USA). First, to analyze whether
the sociodemographic characteristics of the participants and nonresponders were
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comparable, independent sample t-tests were used for continuous data, and categorical
data were analyzed using a chi-square test. Second, descriptive analyses were used
to describe the characteristics of the participants. Third, descriptive analyses were
used to describe the frequencies of the answers on the questionnaire (domain | through
VII). The outcomes on the bipolar word pairs (domain Il) were summarized into three
answer categories: 1 = (totally) disagree, 2 = do not disagree/do not agree to 3 = (totally)
agree. All items consisting of five-point scales were summarized to three-point scales:
1 = (totally) disagree/(fairly) unimportant, 2 = do not disagree/do not agree and not
unimportant/not important to 3 = (totally) agree/(fairly) important. Fourth, multivariate
logistic regression analyses were performed to determine whether the variables ‘age’,
‘gender’, ‘educational level’, ‘marital status’, ‘religion’, ‘considering a (future) pregnancy’
and ‘knowing someone with a hereditary disorder’ were associated with outcomes to
the following questions; ‘intention to participate in ECS’ (domain I), ‘I find it ethically
acceptable that all couples considering a (future) pregnancy can take the carrier test’
(domain Il), ‘ECS can prevent suffering for future parents’ (domain Ill) and ‘As a carrier
couple, | would consider prenatal diagnostics’ (domain VI). Standardized regression
coefficients (B), which express the strength of the association between the associated
variables and attitudes towards ECS, are reported. Standardized regression coefficients
of 0.1 are considered small, 0.3 as medium and 0.5 as large. For predictor variables
that are binary coded, 0.2 can be considered small, 0.5 as medium and 0.8 as large®s.
P-values < .05 were considered statistically significant.

RESULTS

Sample characteristics

In total, 781 out of 1188 (65.7%) individuals who were invited to participate completed the
online questionnaire. No significant differences between participants and nonresponders
according to age, gender, educational level and religious beliefs were found (Table
1A). The distribution of educational level differed slightly between participants and
nonresponders. Participants who indicated that they know someone with a hereditary
disorder (28%) mentioned a broad spectrum of AR, autosomal dominant and multifactorial
disorders, such as CF, Huntington's disease, autoimmune disorders (e.g., Crohn’s
disease), cancer, eczema, diabetes mellitus, and hypertension (Table 1B).
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Table 1A | Sociodemographic characteristics

Participants Nonresponders
N=781 % N=407 % P
Age in years; mean (SD) 31.18 (7.33) 30.53 (6.69) 0.132
18-24 151 19 76 19 0.115
25-34 374 48 219 54
35-45 256 33 12 28
Gender (female) 379 49 203 50 0.659
Educational level? 779 400 0.046
Low 164 21 67 17
Intermediate 356 46 212 52
High 259 33 121 30
Religious beliefs® 0.74
No 341 44 177 46
Yes 418 54 208 54
| do not want to say 22 3 5
Marital status
Single 198 25
In a relationship / married 583 75
Considering a (future) pregnancy
No 461 59
Yes® 320 41
‘Currently pregnant (partner or self)’ 20 3

Distribution of educational levels in the general Dutch population: 30% low, 40% intermediate and 30% high.
aEducational level low: primary education, lower vocational education, lower and middle general secondary
education. Intermediate: middle vocational education, higher secondary education, and preuniversity education.
High: higher vocational education, university.

“Participants were asked whether the main income provider from their family has religious beliefs.

°Answers comprised the following: ‘I have no children at the moment but | would like to have children’ (30.5%),
‘I have children, and my partner and | would like to have more children’ (9.7%) or ‘I would have liked to have
children, but | have remained childless’ (0.8%).
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Table 1B | Familiarity with carrier screening and hereditary diseases

Participants

N=781 %
Had you heard of a carrier test before this questionnaire?
No 604 77
Yes 177 23
Did you ever take a carrier test?
No 756 97
Yes 25 3

Do you know someone (or have you known someone) with a hereditary disease?
No 561 72
Yes @ 220 28

aAnswers included a wide variety of AR, autosomal dominant and multifactorial disorders.

ECS questionnaire

I. Intention to participate in ECS
Of all participants, 31% reported that they probably or certainly would take a
preconception ECS test, whereas 33% were uncertain and 36% did not want to be tested.
Of the participants who were considering a (future) pregnancy (N = 320) and who were
pregnant at the time of this study (N = 20), 36.6% and 40%, respectively, indicated that
they probably or certainly would take a preconception ECS test.

Three percent (25 out of 781) of the participants had previously taken a genetic test,
of whom 6 (0.8%) had taken a carrier test, for example, to screen for CF.

Il. Level of agreement on feelings towards ECS in general and personally
considering ECS
The level of agreement on feelings towards ECS in general is illustrated in Fig. 1A. Most
participants agreed that it is positive (74.4%) and wise (60.2%) that all couples can take
the ECS test if they are interested. In total, 20.7% and 27.1% reported that the ECS test
is frightening and illogical, respectively.

The level of agreement on feelings when personally considering ECS is illustrated in
Fig 1B. When asked what participants thought about personally taking the ECS test, the
majority agreed that this was positive (57.5%) and wise (52.4%) but also illogical (30.5%)
and frightening (24.7%).
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Negative Positive

Undesirable Desirable
Frightening Nonfrightening

Unwise Wise

Nonreassuring Reassuring
Unethical Ethical
Illogical Logical
0 20 40 60 80 100
%

Fig 1A | Level of agreement on feelings towards ECS in general.

Questionnaire domain II. The figure illustrates the level of agreement of participants (N = 781) on seven feelings
in response to the question: ‘That all couples considering a (future) pregnancy can take the carrier test for 50
severe hereditary disorders, | find'. The red bars represent the percentage of participants who (totally) agreed
with the words on the left side of the figure. The gray bars represent the percentage of participants with a neutral
opinion towards the word pairs. The green bars represent the percentage of participants who (totally) agreed
with the words on the right side of the figure.

Negative Positive

Undesirable Desirable
Frightening Nonfrightening
Unwise Wise
Nonreassuring Reassuring
Unethical Ethical
Illogical Logical
0 20 40 60 80 100

Fig 1B | Level of agreement on feelings when personally considering ECS.

Questionnaire domain II. The figure illustrates the level of agreement of participants (N = 781) on seven feelings
in response to the question: ‘That | personally can take the carrier test for 50 severe hereditary disorders, | find'.
The red bars represent the percentage of participants who (totally) agreed with the words on the left side of the
figure. The gray bars represent the percentage of participants with a neutral opinion towards the word pairs.
The green bars represent the percentage of participants who (totally) agreed with the words on the right side
of the figure.
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Ill. Perceived benefits of and barriers against ECS and freedom-of-choice
Statements

The majority of the participants agreed with the statement that the use of ECS could avoid
suffering for the entire family (68%) (Table 2A). Additionally, 44% agreed that ECS creates
too high expectations of the birth of a healthy child (Table 2B). Furthermore, 55% of the
participants agreed that ECS should be offered to every couple (Table 2C).

Table 2 | Statements regarding perceived benefits of and barriers against ECS and
freedom-of-choice statements, N=781

Do not
disagres  disearee (O
9 /do not agree 9
% % %
A. Perceived benefits of ECS
Offering the carrier test avoids much suffering for the entire family " 21 68
The carrier test can avoid suffering for future parents 10 23 67
The carrier test can prevent costs for the family 11 32 57
The carrier test can prevent costs for the society 18 33 49
The results of a carrier test can help in choosing a partner 74 19 7
B. Perceived barriers against ECS
The carrier test creates too high expectations of the birth of a
. 16 40 44
healthy child
Offering a carrier test leads to anxiety 27 34 39
The carrier test will be the first step in developing a perfect child 37 32 32
Offgnng the carrier test can cause people to feel forced to undergo 34 37 29
testing
| am afraid of discrimination by carriers (for instance, by insurance
. ) . 45 32 23
companies and the social environment)
C. Freedom-of-choice statements
The carrier test should be offered to every couple that wants to have
. 19 26 55
children
Every couple that wants to have children must take the carrier test 48 30 22

Questionnaire part Ill: Agreement on statements in order of frequency.

IV. Most important reasons in favor of ECS and against ECS

The most frequently selected reason in favor of ECS out of eleven reasons was that
people want to spare their child from a life with a severe hereditary disorder (47%)
(Table 3A). The most frequently selected reason against ECS out of 14 reasons was
that participants did not have family members with a severe hereditary disorder (48%)
(Table 3B).
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Table 3A | Reasons in favor of ECS, N=781

% N
| want to spare my child from a life with a severe hereditary disorder 47.2 369
| want to prepare myself for a child with one of these disorders 23.8 186
| do not want a child with one of these 50 disorders 20.9 163
A hereditary disorder occurs in my family 17.4 136
| believe | have a great chance of being a carrier 16.6 130
| believe | have a great chance of having a child with one of these 50 disorders 15.4 120
For my children (when they want to have children) 14.5 113
Fear of regret if | do not take the test 127 99
Wishes of my partner 4.4 34
Advised by others 0.6 5
Other2 3.5 27
Questionnaire part IV: the most selected reasons in favor of ECS in order of frequency.
aFor example, | am not capable of taking care of a sick child.
Table 3B | Reasons against ECS, N=781
% N
Nobody in the family has one of these disorders 48 375
| do not believe | have a great chance of being a carrier 20.4 159
| do not believe | have a great chance of having a child with one of these 50 disorders 17.7 138
| am afraid of the test results 16 125
| would not do anything with the results 14.7 115
The price of the test 11.4 89
Other2 51 40
| have taken a carrier test for only the disorder for which | have an increased risk 4.7 37
| am / my partner is (too far along) pregnant 4.6 36
My partner does not want to take the test 3.7 29
| believe | can handle a sick child well 3.6 28
| do not know / no reason 2.0 16
| do not believe the disorders are severe enough 0.8 6
| do not want to be confronted with a difficult decision 0.5 4

Questionnaire part IV: the most selected reasons against ECS in order of frequency.
aFor example; | do not want children.
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V. Perceived social influences when considering ECS

Of the participants with a partner (N=583), the majority chose the opinion of a partner
as most important (91%) when considering ECS, followed by the opinion of their parents
(55%). The opinion of the religious community was chosen least often as being important
(5%). Participants without a partner also chose the opinion of a partner as most important
(83%) when considering ECS.

VI. Perceived personal consequences of ECS

Of the statements concerning considerations regarding ECS test results, most
participants agreed with the statement that ‘I would find it a burden if my child would be
affected by one of the 50 disorders’ (77%) (Table 4A). Regarding the statements about
perceived consequences as a carrier, most participants agreed with the statement that
‘By preventing the birth of child with a severe hereditary disorder, a lot of suffering can
be prevented’ (64%) (Table 4B). Regarding the statements about perceived feelings
as a carrier (couple), most participants agreed with the statement that they would feel
‘informed about their carrier couple status’ (72%) (Table 4C). Regarding statements about
perceived reproductive choices as a carrier couple, most participants agreed with the
statement that ‘I find it important that carrier couples can prepare themselves for the
birth of a child with a severe hereditary disorder’ (79%) (Table 4D).
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Table 4 | Statements regarding perceived personal consequences of ECS, N=781

Not

(:I'otally) disagree / (Totally)
disagree agree
not agree
% % %
A. Considerations regarding test results of ECS
| would find it difficult if my child would be affected by one of the 50
) 6 18 77
disorders
The results of a carrier test can help me in making decisions about
. . 21 24 55
having children
If I do not participate, | am afraid | will regret it if my child is affected 29 20 49
with one of the 50 disorders
Offering a carrier test takes away the spontaneity of having children 27 29 44
If | do not participate, | am afraid | will regret it later 32 25 43
B. Perceived consequences as a carrier
By preventing the birth of child with a severe hereditary disorder, a lot
; 10 26 64
of suffering can be prevented
It is important that the birth of a child with a severe hereditary disorder
14 36 61
can be prevented
If | were a carrier, | would find it difficult to inform my family members
L ) } ; 29 34 38
about their increased risk of being a carrier
| am afraid people will look differently at me when they know | am a a7 29 o4
carrier
C. Perceived feelings as carrier (couple)
Informed 4 24 72
Relieved to discover my carrier couple status before a pregnancy 10 27 63
Anxious 13 26 61
Disappointed 12 29 59
Stressed 15 29 56
| would feel less healthy as a carrier 41 27 32
D. Perceived reproductive choices as a carrier couple
| find it important that carrier couples can prepare themselves for the 5 20 79
birth of a child with a severe hereditary disorder
| would consider an examination of the fetus during pregnancy
. L . 13 24 64
(prenatal testing by chorionic villus sampling)
As part of a carrier couple, | would consider in vitro fertilization (IVF)
) . 27 35 39
with embryo selection
If my partper and | are a carrier couple, | would decide not to have 5 40 35
(more) children
| would take the risk and not take any action (the child is born as he or 33 33 34

she is)

Questionnaire part VI: Agreement on statements in order of frequency.
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VII. Practical questions about offering ECS

Most participants stated that ECS should best be offered to prospective parents
preconceptionally (55%) or to individuals at the moment they themselves prefer (53%).
The majority chose general practitioners (60%) as the most appropriate setting for offering
ECS. The second most frequently mentioned setting was the hospital (53%). With regard
to the costs of ECS (participants were informed that the test costs a couple of hundred
euros), 55% of the participants indicated that the costs should completely be reimbursed
by health insurance, 36% had the opinion it should be partially reimbursed, and 9%
were willing to pay for the test themselves. Thirty-one percent of the participants were
willing to pay 50-100 euros, and 27% were willing to pay less than 50 euros. Only 3%
of the participants were willing to pay 500-1000 euros for the test. These results were
similar among the group of participants who would personally consider the ECS test. The
majority of the participants indicated that as prospective parents, they would like to be
informed about their individual carrier status results but to have them shared together with
both partners’ results (60%), in contrast to receiving their individual test results privately
(21%) or only when they are members of a carrier couple (couple-based disclosure) (6%).

Multivariate logistic regression

Compared to nonreligious participants, participants with religious beliefs were less likely
to participate in ECS, less likely to believe that offering ECS is ethically acceptable, less
likely to believe ECS prevents suffering for future parents and less likely to consider
prenatal diagnostics. Participants considering a (future) pregnancy were more likely
to participate in ECS than participants who were not considering a (future) pregnancy.
Compared to participants with a low or medium educational level, participants with a high
educational level were more likely to believe that offering ECS is ethically acceptable,
more likely to believe ECS prevents suffering for future parents and more likely to consider
prenatal diagnostics. Participants who were married/in a relationship were less like to
believe ECS could prevent grief for prospective parents. Finally, women were more likely
to consider prenatal diagnostics in cases of abnormal test results than men were. Age
and knowing someone with a hereditary disorder were not significantly associated with
any of the outcome variables (Table 5).
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DISCUSSION

The objective of this cross-sectional study was to investigate the attitudes of individuals of
reproductive age from the general Dutch population towards preconception ECS, using
MPS 1l as an example of the type of disorders included in such a panel.

The majority of the participants perceived the availability of ECS for all prospective
parents as positive and desirable, whereas only 15% indicated perceiving this availability
as unethical.

In addition, most participants agreed that ECS should be offered to all couples
considering a (future) pregnancy. The most frequently selected argument in favor of
ECS was that participants would want to spare a child from a life with a severe hereditary
disorder, which is in accordance with the results of the study of both Plantinga et al.?®
and Ekstrand et al.?’.

Thirty-one percent of all participants indicated that they would take an ECS test
themselves. This percentage was similar among participants considering a (future)
pregnancy (36%). These numbers are in line with previous studies from the Netherlands?®
and Sweden?’, although a recent study among Western Australian adults reported a much
higher percentage that would consider ECS (67.5%)3. In Australia, carrier screening
for recessive disorders (e.g., CF and spinal muscular atrophy) is more common®. This
fact may explain the higher percentage, since more people may be familiar with carrier
screening.

Furthermore, the two variables ‘considering a (future) pregnancy’ and ‘religious
beliefs’ were associated with the intention to take an ECS test. Participants considering
a (future) pregnancy were more likely to participate in ECS than were participants who
were not considering a (future) pregnancy. In contrast, people with religious beliefs were
less likely to participate in ECS than were nonreligious participants. This is in line with the
earlier Dutch study of Plantinga et al.?°. Increased autonomy and reproductive options
can be seen as possible benefits of ECS. However, it is not surprising that people with
religious beliefs will, in general, have a more negative attitude towards ECS, as most
reproductive options carry consequences that may not align with such beliefs (e.g., IVF
with embryo selection and prenatal testing with termination of pregnancy as an option)??
%6, Furthermore, participants with a high educational level had more positive attitudes
overall towards ECS than did participants with a medium or low educational level.

Against our expectations, no association was found between participants who knew
someone with a hereditary disorder and the intention to participate in ECS. This finding
is in contrast to a study investigating attitudes towards carrier screening for Fragile X
syndrome in a population of nonpregnant women, which showed that experience with
genetic conditions was associated with an interest in carrier screening?'. Additionally,
a study by Holtkamp et al. identified familiarity with genetic diseases as an important
factor for the successful implementation of population-based ECS¥. In addition, a recent
investigation reported that a vast majority of CF patients (80.8%) and parents (85.9%)
believe that preconception carrier screening for CF should be made available for all
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prospective parents'. A possible explanation for the lack of association could be that the
disorders mentioned by the participants consisted of autosomal dominant, recessive and,
(mostly) multifactorial disorders. This indicates that the concept on hereditary diseases
was misinterpreted or unclear for some participants as was shown in an earlier study
on public attitudes towards genetic testing®¢. Furthermore, the diseases mentioned
comprised a spectrum of disease severities, including disorders that may have a limited
effect or no effect on the quality of life and are therefore mostly not included in the ECS
panel.

Strikingly, the reason most often mentioned not to participate in ECS was that
participants reported not having a hereditary disorder in the family, although the majority
of patients with an AR disorder have a negative family history due to the inheritance
pattern. Therefore, the universal preconception ECS test is specifically intended for
individuals without an a priori increased risk of having a child with one of the 50 disorders.
This misconception of inheritance patterns has previously been described in a study
assessing attitudes in the general Australian population towards CF screening®®. A
previous study in the USA investigating reasons for declining preconception genomic
carrier screening also reported that participants were not interested in screening because
they had no concerns about their family history“°. Furthermore, 32% of the participants in
our study indicated that they expected to feel less healthy as a carrier, although carriers
typically do not experience any symptoms. The misconception about feeling less healthy
after finding out about being a carrier has also previously been reported*-43.

These misconceptions (on inheritance patterns and being symptomatic as a
carrier) indicate that the written introduction to the ECS questionnaire, at least in some
aspects, was not correctly understood. Information on inheritance patterns and ECS is
indeed complex and may be difficult to comprehend after only brief written background
information. These results emphasize the importance of more information and education
of the general public in order to manage expectations and allow informed decision-
making, which has also been emphasized by European recommendations.

A vast majority of the participants in our study would prefer to receive disclosure
of individual test results on carrier status above couple-based disclosure. Disclosure
of individual test results vs. couple-based test results has been a subject of debate by
professionals. A recent study investigating the views of European geneticists reported
that some geneticists have concerns about the screening of individuals**. A frequently
mentioned reason against individual screening was that detecting carriers does not have
any consequences. Plantinga et al., investigating the views on preconception ECS in the
Netherlands, reported that participants indicated no objection to solely being informed
as a carrier couple®®. However, in the study of Plantinga et al., the participants were
not explicitly asked which screening method they preferred. When asked, participants
in our study had a clear preference for receiving individual test results, in accordance
with the findings of Henneman et al., who showed that couples preferred full disclosure
of test results from CF carrier screening*. Indeed, in our current society, which is
constantly seeking information and knowledge and is experiencing high divorce rates, it
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is understandable that people prefer to be informed about their individual carrier status,
irrespective of the carrier status of their (potential) partner.

Finding out to be a carrier for an AR disorder might, however, have negative
consequences. Indeed, our results show that some participants expect to feel less
healthy as a carrier and that they are afraid that people will look differently at them.
However, previous studies did not find long-term psychological effects of finding out an
individual carrier status®> 6. Pre- and posttest education and counseling is nevertheless
important to address possible misconceptions and anxiety, especially with expanded
screening panels.

The participants in our study found that ECS would best be offered to prospective
parents by the general practitioner (GP), as was shown earlier®® 34, This finding is not
surprising since GPs play a pivotal role in the Dutch healthcare system and serve as
gatekeepers®’. This preference for GPs was followed by a preference for the hospital
setting (53%), which was much higher than that in the study by Plantinga et al.?° but
similar to that found by Ong et al.®*.

Our study shows most people are unaware of the existence of ECS. As the conditions
currently included in the ECS panels'* s are relatively rare, most people will have no
knowledge of these disorders. Although 85% of all pregnancies in the Netherlands
are planned*®, healthcare professionals are rarely visited preconceptionally but are
visited relatively late in pregnancy*. Reaching prospective parents with information
preconceptionally is therefore challenging. Our results show that only 3% were willing
to pay the current price of the test available in the Netherlands (€500-1000), which is in
line with the study of Plantinga et al.?°. These relatively high costs may lead to unequal
access to ECS.

Our study provides detailed insights into the opinions of individuals of reproductive
age from the Dutch population towards preconception ECS. However, some limitations
need to be discussed. Firstly, our results reveal that despite the written background
information, there were still misconceptions regarding inheritance patterns and risk of
being a carrier, as well as personal consequences as a carrier (feeling less healthy).
Secondly, we used Sanfilippo syndrome as an example of one of the diseases in the
ECS panel. Sanfilippo syndrome is an example of a very severe, progressive disorder
that leads to an early demise. This choice of disease could have influenced opinions
in favor of ECS. Thirdly, among the participants were individuals who were more highly
educated than the general Dutch population. Therefore, our results may not completely
reflect the attitudes of the general population. Fourthly, a potential limitation is that only
the religious beliefs from the main income provider per household were known, while not
all participants were the main income provider. Therefore, the religions reported might
not always have reflected the religious beliefs of the participants themselves. In addition,
no distinction was made in how actively religious the participants were or in their kind
of religious beliefs. Despite this fact, in our study, religion was associated with a more
reluctant attitude towards ECS. Furthermore, 59% of the participants indicated not to
consider a (future) pregnancy. One may argue that these participants may not be the
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best target population when assessing attitudes towards preconception ECS. However,
we aimed to study the opinion of the Dutch population and not only of the potential target
group for ECS tests. Finally, since we were unaware of the ethnicity of the participants,
we cannot determine whether this factor influences attitudes towards ECS.

CONCLUSION

In conclusion, our study suggests an overall positive attitude of participants of
reproductive age from the Dutch population towards preconception ECS. Furthermore,
the participants stated that they would prefer individual test-result disclosure over couple-
based disclosure. A striking misconception was found, as participants indicated that
the most important reason not to participate in ECS was that none of the investigated
diseases occurred in their families. This finding emphasizes the importance of providing
understandable, balanced information and education to the general public on the
concepts of inheritance when presenting the option of carrier screening. As most patients
with an IEM are born unexpectedly and most IEMs unfortunately lack a disease-modifying
treatment, universal preconception ECS may identify carrier couples of IEMs before a
pregnancy and increase their reproductive autonomy. The results of our study provide
valuable insights that can be used in the debate about the responsible implementation
of universal preconception ECS. Finally, as the majority of disorders in preconception
ECS panels are IEMs, a high uptake of such tests in the general population may have,
although not the primary aim of such tests*, a significant impact on the prevalence of
these disorders.
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SUPPLEMENTARY TEXT A. ECS QUESTIONNAIRE

I. Would you take a carrier test yourself?

Would you take a carrier test yourself? Definitely

Probably

Maybe / maybe not
Probably not
Definitely not

o
o
o
o
o
o | have taken a carrier test

Why would / wouldn’t you take a carrier test?

Il. Your opinion towards the carrier test

We would like to know what your thoughts and feelings are towards the carrier test. For
the following questions, different words with opposite meanings are listed. Tick the box
that most closely resembles your opinion. You can choose the middle box if your opinion
is neutral.

Example:
If you find *having children’ important, then tick the box on the right side.

If you find ‘having children’ less important, than tick a box that is more to the left side.
Tick one box for each word pair.

Having children is....
Unimportant o [m] o X [m] Important

Frightening o [m] X o [m] Nonfrightening

That all couples considering a (future) pregnancy can take the carrier test for 50 severe hereditary
disorders, | find ...

Negative = a a) = o Positive
Undesirable o o o o o Desirable
Frightening u] u] o u] u] Nonfrightening
Unwise =] o =] =] u] Wise
Nonreassuring o o o o o Reassuring
Unethical = ) a] = o Ethical
lllogical a] o o a] u] Logical

That | personally can take the carrier test for 50 severe hereditary disorders, | find...
Negative a] a o a] a Positive

Undesirable o o =] a o Desirable
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Frightening o o o o o Nonfrightening
Unwise ) =} o o o Wise
Nonreassuring u] o u] u] o Reassuring
Unethical o o o o o Ethical
lllogical = o o o o Logical

Ill. To what extent do you agree with the following statements?

Tick the box that most closely represents your opinion. There is no right or wrong answer;
we are looking for your opinion.

Strongly  Disagree Do not Agree  Strongly
disagree disagree / do agree
not agree
1. The carrier test can avoid suffering for
a a a a a
future parents
2. Offering the carrier test avoids much o = o o o
suffering for the entire family
3. The carrier test can prevent costs for
. [m] a a a a
the family
4, The carrier test can prevent costs for o = o o o
the society
5. The carrier test should be offered to o o o = o
every couple that wants to have children
6. Every couple that wants to have children
. [m] a a a a
must take the carrier test
7. The carrier test creates too high o = o = o
expectations of the birth of a healthy
child
8. The carrier test will be the first step in u] =] u] =] u]
developing a perfect child
9. | am afraid of discrimination by carriers o o o o o
(for instance, by insurance companies
and the social environment)
10. The results of a carrier test can help in u] o o o o
choosing a partner
1. Offering a carrier test leads to anxiety o = o = o
12, Offering the carrier test can cause people 5] 5] o u] m]

to feel forced to undergo testing
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IV. Your view on the carrier test

The following questions are reasons to take or not to take the carrier test. A blood sample
is needed for the carrier test.

What would be the most
important reason for you
to take a carrier test?

Select a maximum of 2
answers.

What would be the most
important reason for you
not to take a carrier
test?

Select a maximum of 2
answers.

o | believe | have a great chance of being a carrier

o | believe | have a great chance of having a child with one of these 50 disorders
o | want to spare my child from a life with a severe disorder

o | do not want a child with one of these 50 disorders

o Fear of regret if | do not take the test

o | want to prepare myself for a child with one of these disorders
o The wishes of my partner

o A hereditary disorder occurs in my family

o For my children (when they want to have children)

o Advised by others, please specify ...............

o Other, please specify ..........ccooovveiiiininn

o Nobody in the family has one of these disorders

o I donot believe | have a great chance of being a carrier

o | do not believe | have a great chance of having a child with one of these 50
disorders

o | have taken a carrier test with only the disorder for which | have an increased risk
o | do not believe the disorders are severe enough

o | would not do anything with the results; | believe | can handle a sick child well
o lam/my partner is (too far along) pregnant

o | am afraid of the test results
¢}
¢}
¢}

My partner does not want to take the test
The price of the test
Other, please specify .............ooioiiii

V. Opinion of others on the carrier test

Suppose you have the option to take a carrier test.
To what extent is the opinion of others important in making this decision?

My partner
My parents
My family

My friends

My religious community

Unimportant Somewhat Not Somewhat Important
unimportant unimportant  important
/ not
important
a a a o a
a a a a a
] ] ] a a
] ] o a a
a a a o =]
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VI. To what extent do you agree with the following statements?

Suppose you would consider the carrier test before a pregnancy. To what extent do
you agree with the following statements?

Strongly  Disagree Do not Agree Strongly

disagree disagree agree
/ do not
agree
1 If | do not participate, | am afraid | will
*  regretit later o o o o =
If | do not participate, | am afraid | will feel
2. guilty if my child is affected by one of the
50 disorders o o o o =
The results of the carrier test can help
3. me in making decisions about having
children [m] u] =] [m] u]
4 | would find it a burden if my child would
" be affected with one of the 50 disorders o o o o =
Offering the carrier test takes away the
5. . . .
spontaneity of having children =] o o [u] 5]

Suppose you and your partner are both carriers of the same severe genetic disorder
and you therefore have an increased risk (25%) of having a child with a severe genetic
disorder. To what extent do you agree with the following statements?

Strongly  Disagree Do not Agree Strongly

disagree disagree agree
/ not
agree
1. | am afraid people will look differently at me
a a a ] a

when they know | am a carrier

2. If | were a carrier, | would find it difficult to
inform my family members about =} al a) [u} [u}
their increased risk

3. It is important that the birth of a child
with a severe hereditary disorder can be o u] o [u] o
prevented

4. By preventing the birth of child with
a severe hereditary disorder, a lot of [u} u] u] [a} [u}
suffering can be prevented
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Suppose you and your (future) partner are a carrier couple for a severe hereditary
disorder. How do you think you would feel when you find out that you are a carrier couple?

Strongly Disagree Do not Agree Strongly
disagree disagree agree
/ do not
agree
Stressed o o o o o
Anxious u] o =] =] 8]
Informed o o o o 8]
Relieved to discover our carrier couple
[m] o O O a

status before a pregnancy
Disappointed =] o =] =] 8]
| would feel less healthy o u] o o o

Suppose you and your (future) partner are a carrier couple for a severe hereditary
disorder and you are pregnant. To what extent do you agree with the following
statements?

Strongly  Disagree Do not Agree Strongly

disagree disagree agree
/ do not
agree
1. | would take the risk and not take any
action (the child will be born as he or she 8] o o o o
is)
2. If my partner and | are a carrier couple, |
a [m} a [m] o

would decide not to have (more) children

3. | would consider examination of the fetus
during the pregnancy (prenatal testing by o o o o o
chorionic villus sampling)

4. As part of a carrier couple, | would
consider in vitro fertilization (IVF) with o o o o u]
embryo selection

5. | find it important that carrier couples can
prepare themselves for the birth of a child o o o o o
with a severe hereditary disorder

6. | would consider termination of the
pregnancy if the child is affected with one = o o o o
of the 50 disorders

7. | am against abortion of a child with one
of these 50 disorders
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VII. Offering of the carrier test

To whom should the carrier test best be
offered?

Select a maximum of 2 answers

How should the carrier test best be offered?

Select a maximum of 2 answers

Who should pay for the carrier test?
Select 1 answer

How much would you be prepared to pay
for a carrier test?

The test currently costs a couple of hundred
euros.

Select 1 option.

Suppose a couple that wants to have children
has taken the carrier test.

How should the results of the carrier test be
given?

O O OO OO0 O0O 0 0o

O O O O O 0O

o o

O O O OO0 0o

Newborns

High school students

To students during university/college

To couples before engagement/marriage

To couples before pregnancy

To the expectant parent(s) during pregnancy

To everyone, at the moment they prefer

Other, please specify..........cocoooiiiiiiii
I think that a carrier test should not be offered

Via the general practitioner

Via the midwife

Via the hospital (Outpatient clinic for genetic testing)
Via high school

Via the internet

Other, please specify............cccooiiiiii

I think that a carrier test should not be offered.

0 Health insurance

Individuals themselves
Part individuals / part health insurance

Less than €50
€50-€100

€100 - €200
€200 - €500
€500 - €1000
€1000 - €1500
More than €2000

o Individually: both partners privately receive their individual

test results on carrier status

o Both partners together: individual test results and the
carrier couple status is shared together with both partners
o As a carrier couple: the couple only receives information

about whether they

are both carriers of the same disorder or not (the couple does

not

receive separate results per person)

o | have no preference

o Other, please Specify.........c.ccooeieiiiiiiiiii.

Do you have any comments you would like to share with us?
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VIIl. General questions

What is your marital status?

What is your family composition?

Have you ever heard of a carrier test
before this questionnaire?

Have you ever taken a carrier test?

Do you (or have you) know(n)
someone with a hereditary disorder?

Attitudes of the general population towards preconception ECS

o Single

o In arelationship

o Married/ living together
o Divorced

o Widow(er)

o Other, ..o

o | do not have any children, and | do not want children

o | do not have any children, but | would like to have children

o | would have liked to have children, but | have remained childless
o | have children

o | do not want any more children

o | would like to have more children

o |'am uncertain whether | would like to have children

o Other .....ooocooviiiin,

o No
o Yes

o Via family
o Via friends / colleagues
o Via a general practitioner
o Via a midwife

o Via television / radio

o Via a newspaper

o Via the internet

o | do not remember how
o Other, ..............

o No
o Yes, for the following disease: .........................

o No

o Yes, a family member:

o Which family member: ................
o Which disorder: ...........c.ocooiii.
o0 Yes, someone else:

0 Which person: .......cocoooiiiiiiii
o Which disorder: .........coooviiiiiiiiinn,

Thank you for completing the questionnaire.
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SUPPLEMENTARY TEXT B.

Background information

Couples considering a (future) pregnancy can test their carrier status for 50 severe
genetic disorders to identify if they have an increased risk of having a child with one of
these disorders.

What is a carrier?

Everyone is a ‘carrier’ of one or more genetic disorders. When someone is a carrier of
a certain disorder, he or she does not experience symptoms and will never have the
disorder. Since these genetic disorders often do not occur in the family, people are not
aware that they are carriers of this disorder. However, when both parents are carriers of
the same genetic disorder, the couple has an increased risk (25%) of having an affected
child in every pregnancy.

What is a carrier test?

A carrier test can identify whether someone is a carrier of a genetic disorder. For the
carrier test, a blood sample is needed. The test does not provide a 100% certainty of
having a healthy child.

- If the test results show that someone is not a carrier, then there is still a very small risk
of being a carrier of such genetic disorder.

- If the test results show that someone is a carrier, than this is always 100% certain.

When a couple are both carriers

Only when a couple are both carriers of the same disorder, there is an increased risk of

having a child with a genetic disorder. In every pregnancy, there is a risk of 1in 4 (25%)

of having an affected child. Parents who are both carriers of the same disease have the

following reproductive options:

e Accept the risk of a sick child.

e Examine during the pregnancy if the unborn child is affected (prenatal testing by
chorionic villus sampling). If so, the couple can decide to terminate the pregnancy
or to prepare for the birth of the child.

e Undergo in vitro fertilization (IVF). During this procedure, a healthy embryo is selected
and placed in the womb (embryo selection).

e Make use of sperm or eggs from a donor who is not a carrier for the disorder.

e Pursue adoption.

e Decide not to have any (more) children.
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An example of a severe, untreatable, hereditary disorder is Sanfilippo
disease.

Sanfilippo disease is a metabolic disease with no available treatment. The disease is
characterized by an increasing mental disability due to toxic waste that builds up in the
entire body and the brain. The disease starts with a developmental delay around the age
of 2 to 4 years. Subsequently, other abilities, such as speech, are lost. Later, problems
with swallowing and mobility arise. Patients with Sanfilippo disease become completely
care dependent and usually die before they reach adulthood.
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ABSTRACT

Preconception expanded carrier screening (ECS) aims to detect carrier couples of
autosomal recessive (AR) disorders before pregnancy in order to increase reproductive
autonomy of prospective parents. Genetic knowledge and knowledge gained
from experience influence decision making on participation in genetic testing and
understanding carrier test results. In this study we assessed whether parents and
relatives of patients with the severe AR condition mucopolysaccharidosis type Il (MPS
Il), who are expected to have genetic and experiential knowledge, have more positive
attitudes towards ECS than the Dutch reference group. Parents of all MPS Il patients
known to the Dutch expert center were invited to participate and asked to invite first
and second degree relatives. The online questionnaire started with an educational
text, and assessed attitudes towards ECS, genetic knowledge and perceived MPS I
severity. Results were compared to the Dutch population. Parents and relatives of MPS
Il patients (N = 159) scored higher on the genetic knowledge test and perceived MPS
Il as more severe compared to the general Dutch population (N = 781). Parents and
relatives reported to be more likely to participate in ECS (84.3% and 62.5%, respectively)
compared to the public (31%) (p < 0.001). Being a relative of a MPS Il patient was the
strongest variable in the regression analyses for intended ECS participation. Our results
show that genetic knowledge influences ECS decision making. Therefore, appropriate
information on ECS and genetic counselling is needed to enable prospective parents from
the general population, including relatives of patients with severe hereditary disorders,
to make informed decisions.
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INTRODUCTION

Preconception expanded carrier screening (ECS) aims to detect carrier couples of
autosomal recessive (AR) disorders who face a 25% risk of having an affected child in
each pregnancy, in order to facilitate informed reproductive decision making. Most of
these couples are unaware of this risk, as carrier status does not affect one’s health,
and in most cases the birth of an affected child is highly unexpected!. Carrier screening
is preferably offered before a pregnancy, in order to increase the reproductive options
for prospective parents" 2. There are more than 1300 AR disorders, ranging from mild
to severe, and it is estimated that up to 2 in 100 couples in the general population is a
carrier couple of a severe AR disorder' 34,

Targeted ECS panels for specific AR disorders have been successfully introduced
for populations at high risk, such as individuals of Ashkenazi Jewish descent® and
genetically isolated communities®. More recently, universal ECS panels have been made
available to the general public, predominantly offered by commercial companies’. In the
Netherlands, two academic medical centers, Amsterdam UMC and the University Medical
Center Groningen, now offer universal preconception ECS to the general public who have
no a priori risk for being a carrier couple based on ancestry and/or a consanguineous
relationship. However, these panels are not reimbursed by health insurance companies®
°. Typically, the disorders included in these two panels are severe disorders with a
childhood onset resulting in significant intellectual and/or physical disability and/or a
limited life expectancy due to lack of a sufficiently effective disease-modifying treatment,
as is advised in the field of preconception carrier screening'. The majority of these
disorders are inborn errors of metabolism (IEMs), such as mucopolysaccharidosis (MPS)
type lll, Tay-Sachs disease and Krabbe disease® °. The IEMs included in ECS panels
generally have a progressive course.

Previous studies in the USA, Sweden and the Netherlands have investigated the
opinions of the general population towards universal preconception ECS and reported
that between 30% and 34% of the respondents would consider to use preconception
ECS'™"2. The study by Ong et al., conducted in Australia, showed that genetic knowledge,
i.e., baseline knowledge on genetics, is instrumental in influencing ECS participation™.
Several other studies also underpinned that genetic knowledge and experiential
knowledge, i.e., the objective and subjective knowledge gained from experience with
the disease, influence and shape decision making on participating in genetic testing
and understanding of carrier test results'*™. In a recent study by our group on the
attitudes of the general Dutch population towards ECS'™, 31% of the respondents
would consider ECS. However, familiarity with a genetic disease was not associated
with intended ECS participation. This may be explained by the diverse spectrum of
supposedly genetic diseases mentioned by the participants, including multifactorial
disorders such as diabetes mellitus and eczema. Studies in patients with an AR or
X-linked disorder and their families show that the majority is in favor of preconception
population carrier screening for the specific disorder in their family: 75% of affected
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families with spinal muscular atrophy (SMA)?°, 81-86% of cystic fibrosis (CF) patients
and their parents?!, 83% of caregivers of a child with fragile X syndrome??, and 75% of
hemophilia patients?. MPS Il (Sanfilippo disease) is an example of a disorder generally
included in ECS panels, as it is characterized by progressive neurodegeneration resulting
in cognitive decline, behavioral problems, loss of motor functions and early demise?.
Parenting a child with MPS Il strongly impacts the well-being of parents, resulting in
anxiety, depression and post-traumatic stress symptoms?. We hypothesized that genetic
and experiential knowledge on the nature of a disorder generally included in universal
preconception screening panels and its potential impact on the patient and the family
leads to a more positive attitude towards ECS. We therefore assessed the attitudes of
parents and relatives of MPS Il patients towards preconception ECS and compared these
outcomes to attitudes of people of reproductive-age from the general Dutch population.

METHODS

Participants and procedures

Parents of all MPS Il patients known to the MPS Il expert center of the Amsterdam
UMC, location Academic Medical Center, were invited by letter to participate in this
online questionnaire study. All mothers and fathers who agreed to participate were
asked individually to invite their first and second degree relatives (parents, siblings,
and/or healthy children >18 years of age) to participate as well and provided us with
contact details after consent. Contact details were available to one researcher (SCMN)
and were stored in a coded database. Participants received an e-mail with a personal
link to the online questionnaire. The purpose of the study, and its anonymous data
management were explained to all potential participants preceding the start of the
questionnaire. Previously collected attitudes of people from the general Dutch population
towards preconception ECS were used as comparator’. This group, here defined as
‘reference group’, comprises 781 participants in the reproductive age (18-45 years). A full
explanation of data collection procedures of the reference group is presented in Nijmeijer
et al.'®. Ethical approval for this study and the previous study with the reference group
was waived by the Medical Ethics Committee of the Amsterdam UMC, the Netherlands,
as this is an anonymous questionnaire study.

Sociodemographic characteristics

The sociodemographic characteristics age, gender, educational level, religious beliefs,
marital status, if the participant was considering a (future) pregnancy or currently pregnant
(partner or self) were collected from the three groups (parents, relatives and the reference
group). Two questions were asked to investigate the familiarity with carrier screening: (1)
‘Have you ever heard of a carrier test before this questionnaire?’ and (2) ‘Have you ever
taken a carrier test?’ followed by an open text field to allow to substantiate their answer.
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Educational text

Prior to the start of the questionnaire, a brief educational text including information on (1)
the principle of AR inheritance; (2) the fact that an ECS test is available in the Amsterdam
UMC and includes 50 severe AR childhood disorders; and (3) the clinical features of MPS
[l as an example of the types of disorders included in the test (chapter 5 — Supplementary
Text B). This educational text was identical to the one used for the reference group™.

Genetic knowledge test

After reading the educational text, a brief genetic knowledge test (on AR inheritance
and ECS) consisting of seven items on a three-point scale were used to verify if the
educational text was correctly understood (incorrect, correct and | do not know)
(Supplementary Text A).

Perceived MPS Il severity

Perceived severity of MPS Il was evaluated with two questions on a five-point Likert
scale: ‘I believe that MPS Il is a severe disease’ and ‘I believe that the life-expectancy
of MPS Il patients is very bad (severe patients often die before reaching adulthood).’
(Supplementary Text A).

Questions from these two domains were also asked in our previous study but the
results were not included in the publication on attitudes of the general Dutch population
towards ECS™. In the current study, these data is used to assess whether relatives of
MPS Il patients have more genetic knowledge and perceive MPS Il as more severe
(experiential knowledge) than the reference group.

ECS questionnaire

The current study uses the ECS questionnaire which was also used in Nijmeijer et al.”®
(chapter 5 — Supplementary Text A). The questionnaire was developed in consensus
by members of the research team (including experts in pediatric metabolic diseases,
psychology, genetics and health sciences) based on items from existing questionnaires
used for assessing attitudes towards ECS among the Ashkenazi Jewish population®® and
towards carrier screening for CF?’. The questionnaire includes the following 6 domains:

I. Intention to participate in ECS. /I. Level of agreement on feelings towards ECS
(e.g., ‘I find it positive that all couples considering a (future) pregnancy can take the
carrier test for 50 severe hereditary disorders’). Ill. Perceived benefits of (A) and barriers
against ECS (B), and freedom-of-choice statements (C). /V. Most important reasons in
favor of ECS and against ECS. V. Perceived social influences when considering ECS. VI.
Perceived personal consequences of ECS; considerations regarding test results of ECS,
perceived consequences as a carrier (couple), and perceived reproductive choices as
a carrier couple.

Domain [ consisted of a multiple-choice question. Answers from domain // were
measured using a semantic five-point differential scale with seven adjective word pairs:
negative-positive, undesirable-desirable, frightening-nonfrightening, unwise-wise, non-
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reassuring-reassuring, unethical-ethical, logical-illogical. The level of agreement on
the domains //l, V, and VI was given on a five-point Likert scale (1 = totally disagree/
unimportantto 5 = totally agree/important). The answers from domain /V were measured
by choosing a maximum of two arguments out of a list of arguments.

Statistical analyses

The Statistical Package for Social Sciences (SPSS) version 25.0 for Windows was used for
all statistical analyses (SPSS, Inc., Chicago, IL, USA). First, items from the test on genetic
knowledge were converted to binary items (0 = incorrect/| do not know, 1 = correct) in
order to calculate a total sum score ranging from 0 to 7. Second, items on five-point
scales were converted to binary items (0 = (totally) disagree/do not disagree and do not
agree/(very) low/not low, not high, 1 = (totally) agree/(very)high). Third, the outcomes on
the word pairs (domain /) were summarized into three answer categories: 1 = (totally)
disagree, 2 = do not disagree/do not agree to 3 = (totally) agree. Answers on the genetic
knowledge test and the perceived severity of MPS Il (experiential knowledge) were
compared between parents and relatives of MPS [l patients, and the reference group.

Descriptive analyses were used to report on sociodemographic characteristics and
the answers on the questionnaire. To compare sociodemographic characteristics and
attitudes of the three groups (parents, relatives of MPS Il patients, and the reference
group), chi-square tests were used for categorical variables and independent sample
t-tests and Mann-Whitney U tests for continuous variables. Multivariate logistic regression
analyses were performed to investigate whether being a parent or a relative of a MPS
[Il patient, age, gender, educational level, marital status, religion and considering a
(future) pregnancy) were associated with outcomes on the following questions: ‘Intention
to participate in ECS’(domain /), ‘I find it ethically acceptable that all couples considering
a (future) pregnancy can take the carrier test’ (domain //), ‘ECS can prevent suffering for
future parents’ (domain ///), ‘as a carrier couple, | would consider in vitro fertilization (IVF)
with embryo selection’ and (domain V/), ‘as a carrier couple, | would consider in prenatal
diagnostics’ (domain V/). Standardized regression coefficients (B) of 0.1 are considered
small, 0.3 as medium and 0.5 as large. For predictor variables that are binary coded,
0.2 can be considered small, 0.5 as medium and 0.8 as large®. P-values < 0.05 were
considered statistically significant.
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RESULTS

Participants

Parents of 57 MPS Il patients were invited to participate in this study of which parents
of 9 patients declined participation or could not be reached. In total, 58 out of 68
parents (85%) of 46 MPS IIl patients participated; 48 out of 57 (84%) parents of living
MPS III patients and 10 out of 11 (91%) parents of deceased MPS Il patients. Some
families consisted of more than one MPS Il patient or of a single parent household. As
parents were asked to invite their relatives at their discretion, no response rate could be
calculated. In total, 101 relatives participated.

Sociodemographic characteristics

Parents and relatives were significantly older, more often female, more often in a
relationship, and considered less often a (future) pregnancy compared to the reference
group. A lower proportion of respondents in the reference group had a low educational
level compared to parents and relatives of MPS IIl patients. The frequency of having
religious beliefs was similar in the different groups (Table 1).

Genetic knowledge test

Parents and relatives of MPS Ill patients scored significantly higher on the total sum
score of the genetic knowledge test (range 0-7) compared to the reference group
(respectively median 7 (range 3-7, N = 58) and 6 (range 2-7, N = 101) vs. median 5
(range 0-7, N = 781)) (p < 0.001).

Perceived severity of MPS Il

Parents and relatives of MPS IlI patients more often agreed with the statement that MPS |l
is a severe disease (respectively 85% and 95%) compared to the reference group (72%,
p < 0.001) and more often agreed that MPS IlI patients have a very bad life-expectancy
(respectively 86% and 94%) compared to the reference group (75%, p < 0.001).
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Table 1 | Sociodemographic characteristics

Parents? Relatives® Reference®
N=58 % N=101 % N=781 % P
?S%e) N years; mean  ,q 36 (11.76) (!15;:38) 3118 (7.33) <0.001
18-24 8 8 151 19 <0.001
25-34 1 2 14 14 374 48
35-45 22 38 14 14 256 33
46-90 34 59 65 64
Female gender 33 57 62 62 379 49 0.020
Educational level ¢ 0.003
Low 11 19 21 21 77 10
Intermediate 24 41 30 30 321 4
High 23 40 50 50 383 49
Religious beliefs 0.185
No 30 52 53 53 341 44
Yes 27 47 48 48 418 54
| do not want to say 1 2 22 3
Marital status 0.005
Single 5 9 18 18 198 25
'm”;r:zft'onsmp / 53 91 83 82 583 75
Considering a (future) pregnancy <0.001
No 56 97 79 78 461 59
Yes® 2 3 22 22 320 41
gt 2 a2 2w
Have you ever heard of a carrier test before this questionnaire? <0.001
No 23 40 42 58 604 77
Yes 35 60 59 42 177 23
Have you ever taken a carrier test? <0.001
No 35 60 65 64 756 97
Yes 23 40 36 36 25 3

Characteristics were compared by independent sample t-tests for continuous variables (mean age) and chi-
square tests for categorical variables (other). Significant differences at p < 0.05 are printed in bold.
Percentages were rounded-off.

aIndividual parents (mothers and fathers) of MPS IlI patients, both deceased and alive.

°First and second degree family members of MPS Ill patients.

°Reproductive-aged people from the general Dutch population™.

dEducational level low: primary education, lower vocational education, lower and middle general secondary
education. Intermediate: middle vocational education, higher secondary education, pre-university education.
High: higher vocational education, university.

Distribution of educational levels in the Netherlands: 30% low, 40% intermediate and 30% high.

eParticipants considering a (future) pregnancy. Answers comprised of the following: ‘I have no children at the
moment but | would like to have children’, ‘| have children and my partner and | would like to have more children’,
I'am / my partner is currently pregnant’, or ‘| would have liked to have children but | remained childless.’
‘Percentage participants that is currently pregnant of those participants that consider a (future) pregnancy.
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ECS questionnaire

I. Intention to participate in ECS

Parents and relatives of MPS Il patients were more likely to (probably or certainly) take
a (similar) preconception ECS test (respectively 84.3% and 62.5%) compared with the
reference group (people in the reproductive age from the Dutch general population)
(31%, p < 0.001). Twelve percent of the parents and 21% of the relatives reported that
they had previously taken a similar preconception carrier test compared with 1% of the
reference group (p < 0.001).

Il. Level of agreement on feelings towards ECS in general and on personally
considering ECS

The level of agreement of parents of MPS Ill patients and the reference group on feelings
towards ECS in general (Fig. 1A) and when personally considering ECS (Fig. 1B) differed
significantly between the two groups, in favor of ECS for the parents, on all word-pairs.
Level of agreement of relatives are not shown to keep the manuscript concise, but were
in line with those of parents of MPS Il patients.

Negative P ][:‘ Positive *
R i
Undesirable : Desirable **
P P
Frightening ]; ][:‘ Nonfrightening *
. R R
Unwise P P Wise
o P .
Nonreasssuring P R Reasuring *
Unethical 3 R Ethical *
Illogical '; :f Logical **
0 20 40 60 80 100

%

Fig 1A | Level of agreement on feelings towards ECS in general

Questionnaire domain /I. The figure illustrates the level of agreement of the reference group (R; N = 781) and
parents of MPS Ill patients (P; N = 58) on seven feelings in response to the question: ‘That all couples considering
a (future) pregnancy can take the carrier test for 50 severe hereditary disorders, | find'. The red bars represent
the percentage of participants who (totally) agreed with the words on the left side of the figure. The gray bars
represent the percentage of participants with a neutral opinion towards the word pairs.

The green bars represent the percentage of participants who (totally) agreed with the words on the right side of
the figure. *p < 0.05, **p < 0.001 by using chi-square tests.
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Negative l; lrf Positive #*
Undesirable R B Desirable #*
P
Fri 5 R R A .

rightening P P Nonfrightening %%
Unwise § I]E Wise #*
M P ;
Nonreasssuring P R Reasuring #*
2 R 5
Unethical P Ethical **
Ilogical [; :: Logical **
0 20 40 60 80 100

%

Fig 1B | Level of agreement on feelings when personally considering ECS
Questionnaire domain /. The figure illustrates the level of agreement of the reference group (R; N = 781) and
parents of MPS Il patients (P; N = 58) on seven feelings in response to the question: ‘That | personally can take
the carrier test for 50 severe hereditary disorders, | find’. The red bars represent the percentage of participants
who (totally) agreed with the words on the left side of the figure. The gray bars represent the percentage
of participants with a neutral opinion towards the word pairs. The green bars represent the percentage of
participants who (totally) agreed with the words on the right side of the figure. *p < 0.05, **p < 0.001 by using
chi-square tests.

Ill. Perceived benefits of and barriers against ECS, and freedom-of-choice
Statements

Parents and relatives of MPS Il patients more often agreed with the statement that the use
of ECS can avoid suffering for the entire family (respectively 88% and 86%) compared
with the reference group (68%, p < 0.001) (Table 2a). In addition, parents and relatives
less often agreed that ECS can lead to anxiety (respectively 19% and 21%) compared
with the reference group (39%, p < 0.001) (Table 2b). Furthermore, the majority (66%,
65% and 55% of parents, relatives and the reference group respectively) agreed that
the carrier test should be offered to every couple that wants to have children but parents
and relatives more often agreed that every couple that wants to have children must take
the carrier test (35% and 39%) compared with the reference group (22%, p < 0.001)
(Table 2¢).
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Table 2 | Statements regarding perceived benefits of and barriers against ECS and
freedom-of-choice statements

Parents® Relatives® Reference®

N=58 N=101 N=781
% % % P

A. Perceived benefits of ECS
Offgnng the carrier test avoids much suffering for the 88 86 68 <0.001
entire family
The carrier test can avoid suffering for future parents 86 86 67 <0.001
The carrier test can prevent costs for the family 52 57 57 0.702
The carrier test can prevent costs for the society 60 59 49 0.045
The results of a carrier test can help in choosing a 3 11 7 0.211
partner
B. Perceived barriers against ECS
The carrier test creates too high expectations of the
birth of a healthy child 35 34 44 0.068
Offering a carrier test leads to anxiety 19 21 39 <0.001
The carrier test will be the first step in developing a 16 20 30 0.003
perfect child
Offering the car.rler test can cause people to feel forced 7 16 29 <0.001
to undergo testing
| am afraid of d|scr\m|.nat|on by camgrs (fOf instance, 12 11 23 0.003
by insurance companies and the social environment)
C. Freedom-of-choice statements
The carrier test should be offered to every couple that 66 65 55 0.052
wants to have children
Every couple that wants to have children must take the 35 39 22 <0.001

carrier test

Questionnaire part Ill: Agreement on statements

Significant differences at p < 0.05 are printed in bold.

aIndividual parents (mothers and fathers)of MPS Il patients, both deceased and alive.
bFirst and second degree family members of MPS Ill patients.

°Reproductive-aged people from the general Dutch population™.

IV. Most important reasons in favor of ECS and against ECS

Out of eleven suggested reasons, the most frequently selected reason in favor of ECS
for parents (50%) and the reference group (47.2%) was that they ‘want to spare a child
from a life with a severe hereditary disorder’. Relatives most frequently selected as reason
in favor of ECS was ‘the presence of a hereditary disease in their family’ (58.4%) (Table
3a). Out of thirteen suggested reasons, the most frequently selected reason against
ECS for parents and the reference group was that ‘nobody in the family has one of these
disorders’ (37.9% and 47.6% respectively). Relatives most frequently selected ‘other’
reasons against ECS (open text response) (42.6%) (e.g., ‘I have no desire to have any
(more) children’ or ‘I would want to take the test’) (Table 3b).
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Table 3 | Reasons in favor of and against ECS

Parents?® Relatives® Reference®
N=58 N=101 N=781

A. Reasons in favor of ECS % % % P
| Want. to qure my child from a life with a severe 50 36.6 472 0411
hereditary disorder
For my children (when they want to have children) 37.9 38.6 14.5 <0.001
A hereditary disorder occurs in my family 27.6 58.4 17.0 <0.001
| want th) prepare myself for a child with one of 13.8 8.9 238 0.001
these disorders
| believe | have a great chance of being a carrier 13.8 14.9 16.6 0.782
B. Reasons against ECS
Nobody in the family has one of these disorders 37.9 21.8 47.6 <0.001
Other @ 31.0 42.6 10.2 <0.001
| hgve taken a qurler test for only the disorder for 8.6 178 27 <0.001
which | have an increased risk
| am afraid of the test results 8.6 10.9 15.7 0.170
| do not believe | have a great chance of being 6.9 8.9 20.4 <0.001

a carrier

Questionnaire part IV: the top 5 most frequently selected reasons by parents in favor of and against ECS in
order of frequency

alndividual parents (mothers and fathers) of MPS Ill patients, both deceased and alive.

°First and second degree family members of MPS Ill patients.

°Reproductive-aged people from the general Dutch population™.

dFor example; | would take the ECS test or | do not want (any more) children.

Significant differences at p < 0.05 are printed in bold.

V. Perceived social influences when considering ECS

Compared with the reference group, parents and relatives of MPS Il patients less
often stated that the opinion from their surroundings (partner, parents, family, friends)
is important when considering ECS. Parents, relatives and the reference group equally
stated that the opinion of the religious community was important (Table 4a).

VI. Perceived personal consequences of ECS

Considerations regarding test results (Table 4b) and perceived consequences as
a carrier (couple) (Table 4c) all differed significantly between parents, relatives and
the reference group. Parents and relatives of MPS Ill patients more often agreed with
statements regarding perceived reproductive choices (Table 4d).
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Multivariate logistic regression analyses

The results of the regression analyses are presented in Table 5. Being a parent or
relative of a MPS Il patient was the strongest variable associated with intended ECS
participation. Parents and relatives were also more likely to believe that offering ECS is
ethically acceptable, to believe that ECS prevents suffering for future parents, as a carrier
couple to consider IVF with embryo selection and prenatal diagnostics. Age was the only
variable not associated with any of the outcome variables.
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Chapter 6

DISCUSSION

The objective of this study was to investigate the attitudes of parents and relatives of
patients with the severe, progressive and ultimately fatal AR disorder MPS IIl, towards
universal preconception ECS and to compare this to the Dutch general population. We
hypothesized that MPS Il parents and relatives are more in favor of preconception ECS
due to their genetic and experiential knowledge. This study indeed showed that parents
(84%) and relatives (63%) are significantly more likely to participate in ECS than the
participants from the general population (31%). Being a parent or relative of a MPS I
patient turned out to be the strongest variable in the regression analyses for intended
ECS participation, even when controlled for sociodemographic factors.

As hypothesized, relatives of MPS Il patients scored significantly better on the
genetic knowledge test compared to the participants from the general population and
might explain the more positive attitudes towards ECS of relatives, as was previously
described by Ong et al.”®.

Relatives of MPS Il patients more often believed that MPS Ill is a severe disease
compared to the reference group. This is not surprising as MPS lll is an ultra-rare
disorder®* ?° and participants from the general population therefore likely had no
(experiential) knowledge on this disease. The experiential knowledge of the relatives
on the type of diseases generally included in ECS panels also might explains their
overall positive attitudes towards ECS. A Belgian study investigating attitudes towards
ECS of adult patients with CF and their parents, showed that 59% of the patients and
53% of the parents would want to get tested before a pregnancy for conditions other
than CF?'. This seems lower than the results of our study, suggesting that the perceived
severity of the diseases included in ECS impacts on its uptake as patients with CF have
a significant longer life-expectancy than MPS Ill patients and do not have progressive
cognitive decline.

The primary goal of offering ECS is not reaching the highest uptake but to increase
reproductive autonomy among prospective parents'. Although increasing autonomy is
generally regarded as positive, there have been some concerns®. The existence of ECS
panels may lead to the a feeling that it is a moral duty to participate or a moral obligation
to avoid an affected child?. Moreover, concerns have been raised that human dignity,
reflecting tolerance of the disabled, may be challenged as ECS programs could change
the view on human value?®'. Parents and relatives in this study were nevertheless overall
positive about ECS.

Surprisingly, absence of AR disorders in the family was the most frequently selected
reason against ECS by parents of MPS Il patients, as was also shown for the general
population'®, and mentioned as reason not to participate in CF carrier screening in
Australia by pregnant women and their partners, and couples prior to conception®2. This
shows that even parents and relatives of patients with a very severe AR disorder appear
to estimate their chances of being a carrier as low when there is no medical history
in the family. This emphasizes the importance of comprehensive genetic counselling.
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ECS providers should not assume that people with experiential knowledge because of
a known autosomal recessive genetic condition in the family will extend this knowledge
about carrier status to their understanding of the risk of being a carrier for other genetic
conditions. Moreover, as previously suggested, awareness of ECS and knowledge about
genetic disease in the general population should be increased to ensure successful
implementation’.

This study has some limitations. First, this study included parents and relatives of
MPS Ill patients and research showed that parenting a MPS IlI child has great impact
on the well-being of parents?:3% 34 The impact of some of the other disorders included
in ECS panels may be less severe which may have resulted in an overestimation of the
potential uptake of ECS by affected families by our study. Second, as recruitment of
relatives was done by parents of MPS Il patients, we were not informed about reasons
for declining participation (e.g., ethical or religious beliefs) or the number of relatives
that were invited to participate. Therefore, the attitudes of our participants may not fully
reflect the attitudes of all families of MPS Il patients. Third, sociodemographics differed
between relatives of MPS Il patients and participants from the general population. These
characteristics, however, were included in the logistic regression analyses and the effect
of being a relative is the strongest variable associated with intended ECS participation.
Although parents and relatives were significantly older than the reference group, age was
not associated with any of the outcome variables. We verified this by analyzing intended
ECS participation separate in the age group 35-45, which was significantly higher among
parents (85%) and relatives (80%) compared to the reference group.

In conclusion, this study demonstrates a higher positive attitude of persons with
genetic and experiential knowledge of a severe and yet untreatable AR disorder towards
universal preconception ECS compared to participants of the Dutch general population.
The fact that the most mentioned reason against participating in ECS was the absence
of AR disorders in the family, suggest that people estimate their chances of being a
carrier as low when there is no medical history in the family, even despite the fact that
participants were informed that everyone is carrier for one or several AR disorders. As
informed decision making is based on genetic knowledge in addition to personal values®,
we emphasize the importance of appropriate information and counselling in order to
enable informed reproductive decision making about ECS. This is not only important for
the general population, but also for families with experiential and genetic knowledge to
avoid misconceptions on this complex matter.
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SUPPLEMENTARY TEXT A.

Genetic knowledge test

The following questions are meant to check if the information provided before the start
of this questionnaire has been correctly understood. Choose one answer of which you
think is the right one.

1. Even when a disease does not occur in the family, a couple o Correct
can still have a child with one (or more) of these 50 diseases o Incorrect
o | do now know

2. A carrier of one of these 50 disorders can get health problems o Correct
later in life o Incorrect
o | do now know

3. A carrier couple has a chance of 1 in 4 (25%) in every o Correct
pregnancy to get an affected child o Incorrect
o | do now know

4. If one partner is carrier for one of the diseases, couples have o Correct
an increased risk to have a child with that disease o Incorrect
o | do now know

5. A carrier couple can examine during pregnancy if the unborn o Correct
child is affected o Incorrect
o | do now know

6. If the test results show that someone is not a carrier, then thereis o Correct
still a very small risk of being a carrier of such a genetic disorder. o Incorrect
o | do now know

7. If the test results show that someone is not a carrier, a child can o Correct
still be born with a different genetic disease o Incorrect
o | do now know

Perceived severity of MPS lll disease

To what extent do you agree with the following statements? Tick the box that most closely
represents your opinion.

Strongly Disagree Do not Agree Strongly

disagree disagree agree
/ do not
agree
| believe that MPS Il is a severe disease u] =] a u] o
| believe that the life-expectancy of MPS llI o o o o o

patients is very bad (severe patients often die
before reaching adulthood)
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Chapter 7

ABSTRACT

Preconception expanded carrier screening (ECS) enables prospective parents to
assess their risk of having a child with an autosomal recessive disorder. Knowledge on
motivations, feelings and considerations people have towards the offer and use of ECS
is limited. To enrich the public and professional discussion on ECS implementation,
this study explored the perspectives towards various aspects of ECS in seven focus
groups compromising first- and second degree relatives of MPS Il patients (N = 9,
N=4,N=5, N=5)and members of the general Dutch population (N=6, N=7, N=5).
The focus groups were audio recorded and the transcripts were qualitatively analyzed
to identify themes. Both relatives of MPS Il patients and participants from the general
population supported offering ECS, in particular for severe, childhood-onset disorders.
Important barriers identified for ECS were a lack of genetic knowledge and a perceived
lack of personal relevance and awareness, as well as out-of-pocket costs of testing. The
majority of participants would prefer full disclosure of individual test results instead of
couple-based test results. Moreover, offering people a choice for the way of reporting
was proposed. All participants agreed that more efforts, for example by governmental
campaigns, should be made to increase awareness on the availability, potentials, and
limitations of ECS. Educating prospective parents about ECS is essential for increasing
awareness and informed decision making. This study provides valuable insights that can
be used by governments and public health authorities when considering implementation
of preconception ECS.
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INTRODUCTION

Preconception carrier screening offers prospective parents the possibility to obtain
information about their risk of having a child with an autosomal recessive (AR) or
X-linked disorder before pregnancy’. Identified high risk couples can consider a range
of reproductive options such as preimplantation genetic testing (PGT), prenatal diagnosis,
the use of donor gametes, accepting the risk or refrain from having children2. Carrier
testing for severe genetic disorders is conventionally aimed at couples with an a priori
increased risk of having affected offspring based on family history, geographic and/or
ethnic background or consanguinity’2. Next-generation sequencing (NGS) allows for
testing for multiple AR disorders simultaneously without significantly higher costs, thereby
increasing the feasibility of offering universal expanded carrier screening (ECS) panels
to the general population*. Several commercial companies in the USA, Australia and
Europe now offer ECS directly to consumers, often without appropriate genetic pre- and
post-counselling®. Recently, non-profit health organizations in Australia®, Belgium” and
the Netherlands® ? started to initiate ECS for individuals without an a priori increased risk.

In the Netherlands, there are no private providers offering carrier testing and within
general health care a standard offer of ECS to prospective parents is lacking®. Two
academic medical centres developed a non-commercial carrier screening test for
50-70 severe AR disorders. These tests are available for all prospective parents in the
Netherlands, paid on their own costs, but are in general not actively offered to them by
health care professionals. The Amsterdam University Medical Centres (Amsterdam UMC)
panel mainly comprises childhood-onset, severe inborn errors of metabolism (IEMs) for
which no or only limited effective disease-modifying treatment is currently available, such
as Mucopolysaccharidosis type Il (MPS Il or Sanfilippo syndrome), Tay-Sachs disease
and Batten disease'.

In comparison to targeted screening, preconception ECS maximizes opportunities
for autonomous reproductive choices by providing more genetic information and thus
more equity of access to carrier testing'. However, the implementation of ECS raises
several practical, social and ethical concerns, such as downstream medical service
costs, psychosocial harms and concerns about potential societal pressure to use ECS™
4. Moreover, according to stakeholders, a lack of demand for genetic carrier screening
in the general public is an important barrier for implementation'.

Several studies assessed the attitudes towards ECS among individuals and couples
from the general population, suggesting that there is interest among the target population®
91518 Recently the study of Nijmeijer et al.'® showed that relatives of patients with MPS 111
had more positive attitudes towards ECS than members of the general population, which
is in line with the results of other studies assessing attitudes of patients and relatives
towards carrier screening for e.g., fragile X syndrome?® 2!, spinal muscular atrophy
(SMA)?2, cystic fibrosis (CF)?*2* and hemophilia®®. Involving patients and families in
discussions about the implementation of ECS can provide important information, as they
may perceive different issues on ECS than the general population®®. These may include
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concerns about a decline in future funding of research for potential treatment options
and the possible negative shift of public attitudes towards people with a disability™ 2.

Another aspect associated with the implementation of ECS is the large heterogeneity
of ECS panels. The number of disorders included in current panels varies from 40 to
almost 1500 disorders?®” 28, Although European?, American’, and Australian®® guidelines
and pilot studies have proposed consensus-based criteria for the composition of panels,
major differences were shown in an overview of 16 available (commercial) ECS tests
with overlap in only three disorders for all providers?”. While earlier studies gauged the
opinions of (mainly) clinical geneticists or other health care workers on inclusion criteria
for ECS panels?®®?", little is known about the opinion of potential users of ECS or by
(relatives of) patients affected with genetic disorders towards their desired composition
of these panels.

Finally, there is no uniformity in the way how to disclose ECS test results to
prospective parents. Results can be disclosed to partners individually (full disclosure
of individual test results) or as a couple-based result (individual carrier states are only
reported if a carrier couple is identified, i.e. both partners carry a pathogenic variant in
the same gene)>*. Surveys among the general population suggest that most individuals
prefer full disclosure of individual test results®, although most couples do not seem to
object towards receiving couple-based results only®?. However, the considerations on
which such preferences are based are unknown.

This qualitative focus group study aims to obtain insight into the perspectives of
relatives of MPS Il patients and potential users from the general population on ECS,
including attitudes towards the offer of ECS, the composition of ECS panels and the
disclosure of test results (individual or couple-based), to enrich the discussion on the
implementation of ECS. Relatives of MPS Il patients were selected as this disorder meets
all the international consensus-based criteria for the composition of ECS panels and is
included in most ECS panels' 2 2°.

METHODS

Study design

This study used a focus group design as this enables a setting in which people’s feelings,
perceptions, and reactions can be carefully assessed?®®. Seven semi-structured focus
groups were conducted between May 2019 and September 2019. The study was
approved by the Medical Ethics Committee of the Amsterdam UMC, the Netherlands.

Participants

Parents of all MPS Il patients currently under treatment in the Dutch national expertise
centre received an invitation by email from a member of the research team (response
rate 32%) and were subsequently asked to forward this email (introducing the topic) to
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other relatives, as we did not have their contact details. Therefore, we do not know this
response rate. Relatives were compensated for their participation with a gift card of 25
euro and reimbursement of travel costs. First- and second-degree relatives participated
in separate focus groups, resulting in three focus groups with first-degree relatives (Group
(Gn#1, N=9/Gr#2, N= 4/ Gr#3, N = 5) and one focus group with second-degree
relatives (Gr#4, N = b).

Three focus groups (Gr#5, N=6/Gr#6, N=7/ Gr#7, N = 5) comprised individuals
from the general population who were planning to have (more) children. Participants
were recruited by CGselecties, a Dutch research marketing agency that provides a panel
of more than 25,000 individuals who are willing to participate in (qualitative) research
on a regular basis in return for an incentive of 45 euro. The sample was selected from
their panel based on the demographics gender, regional area, educational level, and
reproductive age to represent the Dutch population (response rate ~9%). Participants
were not informed by the agency about the topic which would be discussed during the
focus group.

Focus group guide and procedure

All focus group meetings took place in a meeting room at the Amsterdam UMC and
had a duration of approximately 2 h. Six out of seven focus groups were moderated by
the same researcher (TC) and one focus group was moderated by another member of
the research team (LHe). In each focus group, the moderator was assisted by another
member of the research team (LHa, FAW, HvO, IvD).

Before the start of the focus group, the participants from the general population
were shown an educational video (https://youtu.be/VOFKDNF_-tl) in which information
on AR inheritance, the ECS test for 50 genetic disorders in the Amsterdam UMC as
an example of an ECS test, reproductive options in case of an increased risk (1:4) of
affected offspring, and a description of the nature and course of MPS Il as an example
of a disorder included in ECS panels were provided. The educational video was not
shown to relatives as we know that visuals of other MPS Il patients may elicit strong
and undesired emotional responses in the setting of a focus group meeting, but they
received a short presentation with similar information on AR inheritance, the ECS test for
50 genetic disorders, and reproductive options.

The focus group guide was developed by members of the multidisciplinary research
team, including experts in psychology, clinical genetics, health sciences and metabolic
diseases. The guide consisted of four main topics: reasons (self or others) to accept
or decline ECS using the Amsterdam UMC test as an example, awareness on the
possibility of ECS, the composition of ECS panels, and preferences in disclosure of
test results. Reasons (not) to opt for ECS were discussed and prioritized using post-its.
Subsequently, the moderator presented a list of categories to enhance the discussion
on the composition of ECS panels, consisting of severe life-threatening disorders that
lack treatment, intellectual disability, physical disability, late-onset disorders, and the

133



Chapter 7

category ‘(prospective) parents are free to choose’. Although a focus group guide was
composed, participants were also invited to discuss other topics related to ECS which
they considered relevant.

At the end of each focus group session, participants completed a brief questionnaire
assessing sociodemographic characteristics (age, gender, educational level, considering
a (future) pregnancy, marital status and religious beliefs). Two additional questions
assessed familiarity with the Amsterdam UMC carrier test and previous experience with
genetic carrier testing in general.

Data analysis

Data collection stopped until data saturation was reached. All sessions were audio
recorded and transcribed verbatim without any individually identifiable details to
guarantee full anonymity of the participants. The transcripts were analysed with a thematic
coding method?®*. Two researchers (TC and IvD) independently analysed the first five
transcripts using qualitative software MAXQDA 2020 (VERBI Software, 2019). Relevant
parts of the transcripts were marked and codes were generated to organize data into
meaningful groups (data was assigned to only one code). Subsequently, themes were
identified and codes were assigned to the identified themes. Differences in codes and
themes were discussed until consensus was reached. TC subsequently analyzed the
remaining two focus groups. The final thematic framework matrices were discussed with
another member of the research group (LHe) until consensus was reached. Finally, the
thematic frameworks of the focus groups with relatives of MPS IlI patients and individuals
from the general population were contrasted and compared. Central themes were
discussed and illustrated with quotations. For each theme, the most eloquent quotations
which were considered exemplar for the themes were chosen and discussed within the
research team. Descriptive statistics were performed to describe the sociodemographic
characteristics of participants. Characteristics were compared between relatives and
individuals from the general population using independent sample t-tests for continuous
data and chi-square tests for categorical data. The Statistical Package for Social Sciences
(SPSS) version 25.0 was used for all statistical analyses (SPSS, Inc., Chicago, IL, USA).

RESULTS

Participants

Sociodemographic characteristics of participants and their familiarity with carrier testing
are shown in Table 1. In total, 23 relatives of MPS Il patients participated including
eighteen parents (78.3%), two siblings (8.7%), two aunts (8.7%), and one grandfather
(1%). Individuals from the general population (N = 18) were significantly younger and
more often considered a (future) pregnancy. Relatives of MPS Ill patients were more
often aware of the Amsterdam ECS test for 50 severe genetic disorders compared to
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participants from the general population, due to the fact that most relatives had also
participated in a previous questionnaire study on ECS™.

Table 1 | Characteristics of participants in the focus groups

All participants Relatives General population
N=41 (%) N=23 (%) N=18 (%) p*
Age in years; mean (SD) 43.0 (15.63) 53.9 (12.73) 29.7 (4.45) <0.001
Age categories
18-24 2(4.9) 0(0.0) 2(11.1)
25-34 14 (34.1) 1(4.3) 13 (72.2)
35-45 9 (22.0) 6 (26.1) 3(16.7)
46-76 15 (36.6) 15 (65.2) 0(0.0)
Female gender 22 (58.7) 12 (562.2) 10 (55.6) 0.83
Country of birth (Netherlands) 40 (97.6) 22 (95.7) 18 (100.0) 0.37
Educational level? 0.71
Low 4(9.8) 3(13.0) 1(5.6)
Intermediate 16 (39.0) 9(39.1) 7(38.9)
High 21(51.2) 11 (47.8) 10 (55.6)
Religious beliefs® 0.13
No 20 (48.8) 10 (43.5) 10 (55.6)
Yes 19 (46.3) 13 (56.5) 6 (33.3)
| do not want to say 2(4.9) 0(0.0) 2(11.1)
Marital status 0.01
Single 7 (17.1) 1(4.3) 6(33.3)
In a relationship / married 34 (82.9) 22 (95.7) 12 (66.7)
Have child(ren) 0.001
No 12(29.3) 2(8.7) 10 (55.6)
Yes 29 (70.3) 21(91.3) 8 (44.4)
Considering a (future) pregnancy® <0.001
No 19 (46.3) 19 (82.6) 0(0.0)
Yes 22 (53.7) 4(17.4) 18 (100)
Have you ever heard of the carrier test for 50 genetic disorders before this focus group? <0.001
No 19 (46.3) 3(13.0) 16 (88.9)
Yes 22 (53.7) 20 (87.0) 2(11.1)
Have you ever taken a carrier test? <0.001
No 32(78.0) 14 (60.9) 18 (100)
Yes 9 (22.0) 9(39.1) 0(0.0)

*Sociodemographic characteristics were compared between relatives of MPS IlI patients and individuals from
the general population. Significant differences (p < 0.05) are presented in bold.

aEducational level. Low: primary education, lower vocational education, lower and middle general secondary
education. Intermediate: middle vocational education, higher secondary education, pre-university education.

High: higher vocational education, university.

>Yes’ if answers comprised of the following: ‘active religious’, ‘a little active religious’, ‘religious, but not active’.
©Yes' if answers comprised of the following: ‘I have no children at the moment but | would like to have children’,
‘I have children and my partner and | would like to have more children’, | am / my partner is currently pregnant’,
or ‘I would have liked to have children but | remained childless’.
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Focus group results

Five evident themes were generated from the data: (1) benefits of ECS, (2) barriers to
opt for ECS, (3) disclosure of test results: offering a choice, (4) severity as key criterion
for ECS panels, and (5) support for ECS. Results for each theme are described below.

Benefits of ECS

During the focus group discussions, participants reported various benefits of ECS. All
arguments in favor of ECS were grouped in four overall categories relating to the interest
for prospective parents, for the future child, for the family and for society (illustrative
quotes in Table 2). The potential benefit of ECS mentioned by the majority of both relatives
and individuals from the general population was that the wide range of reproductive
options after ECS could increase prospective parents’ autonomy and could provide more
assurance of having a healthy child.

The [ECS] test allows you to make a choice in advance [...], you can choose alternative
ways to get pregnant (general population, Gr#6)

Related to the interest of the future child, both groups stated that ECS may prevent
suffering for the child.

If it was up to us, she [child with MPS IIl] was never born. She has to go through so
much suffering (parent, Gr#3)

Only relatives of MPS IlI patients mentioned that an earlier postnatal diagnosis can be a
benefit of ECS, and that ECS offers potential benefits for other family members as well,
allowing to prevent suffering for, e.g., siblings of an affected child and offering the option
for cascade testing. Although arguments related to potential interest for society were less
frequently mentioned, and sometimes accompanied by emotions, saving costs for society
by preventing the birth of a child with profound disabilities as well as the feasibility to
decrease the prevalence of these disorders were mentioned in both groups.

It sounds very harsh, but those costs [for an affected child] indirectly pass on to the

rest of the Netherlands, in what they have to pay for healthcare (general population,
Gr#5b)
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Table 2 | Benefits of ECS mentioned by relatives and the general population with

representative quotes

Themes

Exemplar quotes

Interest for prospective parents

Offers (reproductive) choices for future
parents

Prevents suffering for the parents®

Mentally or practically prepare for a child
with a genetic disorder

Fear or regret®

Information about your own health status®

Being prepared as partners®

Interest for the future child

Prevents suffering for the child (by
preventing the birth of an affected child)

Information that allows earlier diagnosis
and/or treatment after birth?

Interest for the family

Prevents suffering for the family (by
preventing the birth of an affected child)=

Cascade testing
Interest for the society

Saves costs for society

To decrease the prevalence of genetic
disorders

Decreases the burden on the health care
system?

If I have to tell my children why they should get tested, | would
say: because you are able to choose if you want to intervene if
there is something wrong with the fetus (parent, Gr#2)

Nobody wants to survive their own child. We [parents of a
child with MPS Ill] all woke up a thousand times at night
hoping that it was just a dream [their child being severely ill],
but unfortunately the nightmare was not over (parent, Gr#2)

But otherwise you are prepared for your child to be ill, maybe
that will make a difference mentally (parent, Gr#3)

You may have to work fewer hours because you should be
able to take care of your child (general population, Gr#5)

If there is something wrong [with your child], and you realize
you had the opportunity to reduce the risk (general population,
Gr#6)

Getting insight into the status of your own health [...], the test
provides some sort of insight (general population, Gr#7)

Being on the same page in advance [...]That may prevent
future arguing, because you both knew it beforehand (general
population, Gr#5)

| think preventing suffering for such a child is the most
important reason of all (general population, Gr#5)

If we had known the diagnosis from birth, we had acted very
differently [towards the child]. So, then the test is also useful, if
you choose not to intervene (parent, Gr#1)

I do not think it only prevents suffering for the child, but also
for the whole family (parent, Gr#2)

The test results offers you the opportunity to warn other family
members, they may also be at increased risk (parent, Gr#3)

You can have a discussion about how socially responsible it is
to bring a disabled child into the world when you consider the
costs (relative, Gr#4)

To prevent that every year in the Netherlands there are still
some children born with the disorder (parent, Gr#2)

That such diseases can be eradicated (general population,
Gr#5)

If you prevent the birth of children with severe disorders,
you will also relieve the burden of the healthcare system
dramatically. Because, uh, we spend a lot of time in the
hospital (parent, Gr#1)

Arguments are both mentioned by relatives of MPS Il patients and individuals from the general population.
aArgument only mentioned by relatives of MPS IlI patients.
°Argument only mentioned by individuals from the general population. Gr, group.
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Barriers to opt for ECS

Barriers for the intended uptake of ECS mentioned by participants were allocated into
six overall categories relating to a lack of awareness, lack of genetic knowledge, a lack
of personal relevance, psychosocial impact, practical barriers and ideology and beliefs
(illustrative quotes in Table 3). Individuals from the general population indicated that
they had never heard of the availability of ECS and consequently did not consider to
participate yet. Moreover, there was little knowledge on the concept of inheritance and
confusion about the difference with the non-invasive prenatal test (NIPT) was expressed.

Well yes I could do the NIPT-test. But eeeh, the carrier screening test, haven't heard
about this. Isn't this test similar to NIPT? (general population, Gr#7)

Relatives mentioned that the absence of a genetic disorder in the family would probably
be the most important barrier for prospective parents without experiential knowledge.
Indeed, most participants from the general population evaluated ECS as less relevant for
this reason. Some participants perceived the reported risk of having affected offspring
(1:600) as low, which led to discussions with others who disagreed.

I am healthy, my partner is healthy. Nobody in the family has a disorder. So, | assume
in my next pregnancy that the child will be healthy as well [...] all reasons why | should
not opt for the test, | guess (general population, Gr#7)

Anxiety and worries about the test results were also mentioned. Some participants
preferred a care free pregnancy or were afraid that they would no longer dare to conceive,
which would be a reason for them to refrain from ECS.

| believe that if you know [that you are a carrier] in advance, that it can drive you crazy
if you think about it too much (general population, Gr#5)

The costs of the test (e.g., 650 euro for the Amsterdam UMC test) were mentioned as
a practical barrier and were extensively debated. Both groups expressed the concern
that these costs may lead to inequality in access since many people can probably not
afford this and they held the opinion that health insurances should (partly) reimburse
these costs. Relatives, however, reasoned from an experiential perspective that the costs
for ECS compare highly favourable to the extra costs involved in caring for a child with
a severe genetic disorder. Regarding the category ‘ideology and beliefs’, a concern
expressed by a relative was that genetic technologies might be used to create a world
with only perfect people (eugenics).

Then it is a problem that people who can afford it will opt for the test, and people who
do not have that amount of money will not (relative, Gr#4)
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Table 3 | Barriers of ECS mentioned by relatives and the general population with

representative quotes

Themes

Exemplar quotes

Lack of awareness

Lack of awareness about the
availability of ECS

Ignorance about health risks for
offspring

Lack of genetic knowledge

Lack of personal relevance

Absence of a genetic disorder
in the family

Low perceived risk

Psychosocial impact

Test offer/results leads to
anxiety and worries

Being confronted with difficult
decisions

Disagreement or friction with
partner

Practical barriers

Costs of the test

The test does not provide a
100% guarantee of having a
healthy child

Ideology and beliefs

Religious beliefs (reproductive
options are not an option)

Do people even know it [ECS test] exist? If it is not offered, or you have
not heard about it, you automatically will not participate (parent, Gr#1)
| think most people have not heard about the test. Why? What is the
reason that it is not known yet? (general population, Gr#6)

| think you do not even realize that eh, when | was pregnant of my first
child [healthy sibling] | never thought there could be anything wrong
(parent, Gr#3)

When | was pregnant of my first child, | was not concerned at all. Only
fun and excitement [..] That is the unawareness that a lot of people have;
babies are born healthy right? (general population, Gr#6)

What is the reason they do not include Down Syndrome in the [ECS]
test? Why is that not possible? (general population, Gr#6)

Honestly if it [genetic condition] does not occur in your family or circle of
friends, you will not think about it” (relative, Gr#4)

There is no history of diseases known in my family (general population,
Gri#7)

For me the risk feels negligible [for the other 49 disorders], it is 1:600 and
| think that is approximately 0.17 percent? Well, 0.17 percent is negligible
(relative, Gr#4)

If you see so many healthy people and so few disabled people, it feels
like you have a very small chance. [...] It just feels like 1:6000 instead of
1:600. | also think 1:600 is a pretty small chance, but if | compare it with
something else like, uh, like the chance that an airplane will crash, then |
would think, | would not fly (general population, Gr#5)

That you are suddenly completely mentally confused, [...], that you may
be a carrier of 10 disorders (parent, Gr#2)

The dilemma of what to choose in case of a positive test result (relative,
Gr#4)

It is of course stressful, choices have to be made (general population,
Gr#6)

Partner does not want to opt for ECS (parent, Gr#3)
One partner wants to take the risk, the other partner does not [...]. Then
there will be conflicts (general population, Gr#5)

As much as | would like to know, | cannot afford it. [...] We would have to
save money to cover those extra costs (general population, Gr#6)

This test includes 50 disorders, there are many other disorders for which
you may be at an even greater risk (relative, Gr#4)

Even though they told you that nothing is wrong, it is not 100% certain
(general population, Gr#5)

| would not opt for the test, but eh, that is only because of our religion
(parent, Gr#3)

If God wants your child to be ill you should leave it that way, some
people might think (general population, Gr#5)
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Table 3 Continued
Themes Exemplar quotes
Every child is welcome® Children with an illness also have the right to be born (general

population, Gr#5)
Fear of eugenics ‘perfect baby™  The risk of preparing a perfect human being (parent, Gr#1)

Unnatural® It is unnatural. Not everything can be planned (relative, Gr#4)

Arguments are both mentioned by relatives of MPS Il patients and individuals from the general population.
aArgument only mentioned by relatives of MPS IlI patients.
®Argument only mentioned by individuals from the general population. Gr, group.

Disclosure of test results: offering a choice

Participants discussed the pros and cons of both full disclosure of individual test results
or only disclosing couple-based test results. Most arguments were similar for relatives
and the general population (illustrative quotes in Table 4). Most participants preferred
full disclosure of individual test results. In particular, having access to information that
can be of importance to the future child or other family members (cascade testing) was
considered an important advantage.

| would like to tell that information to my children, because, | think it is important that
they get tested too (parent, Gr#3)

Furthermore, participants emphasized the importance of individual test results when
changing partners as it was considered undesirable to have and pay for another test
in case of a new partner. Moreover, ‘the right to know’ as much as possible about your
own biological material or when having paid for the test out-of-pocket, was suggested
as reasons in favor of reporting individual test results.

Some participants expressed a preference not to be burdened by individual test
results because it might cause unnecessary anxiety about one’s own health. Another
reason to prefer couple-based test results was feeling a commitment towards the partner,
because ‘as a couple’ you embark on the adventure of having children.

Participants in several groups suggested to give people the choice between
individual results or couple-based test results to increase their autonomy. Additionally, it
was suggested to offer full disclosure of test results at higher costs.

Maybe it is a solution to give people the choice themselves which option they prefer.

Because if one partner does not want to know all the information, but the other does,
then you can choose (general population, Gr#1)

140



Focus group study on preconception ECS

Table 4 | Mentioned arguments regarding full-disclosure of test results versus couple-

based test results

Themes

Exemplar quotes

Full disclosure of test results

Important information for children and other
family members (cascade testing)

Avoid testing again in case of a divorce / split
up with partner

It is my right to get all results

Curiosity

Relevant for sperm donor or woman who want
to freeze their eggs

Couple-based test results

Individual information leads to anxiety

Consequences of being both carrier of the
same disease is only relevant

Commitment to partner

| would like to know if | am a carrier, because my child could
also be a carrier (general population, Gr#5)

I would prefer receiving my own result, because things can
go wrong [in case of relationships] and then you would have
to test yourself again if you have another partner (relative,
Gr#4)

I mean, you both give your blood as individual [for the test],
so | think that you also should get your results individually.
[...], but if you pay E650,- out of pocket you want to know
everything (general population, Gr#7)

| am just curious about the result. You do not choose to do
this test for no reason. When | would do this test, | would like
to know if | am a carrier (parent, Gr#2)

Women [with a desire to conceive] who do not have a
relationship yet, and for example want to freeze their eggs
or need a sperm donor, would also want to know if they are
a carrier. And maybe it is also relevant to test the donor then
(general population, Gr#6)

If you are very anxious, if you are sensitive for that [being
anxious], you might worry about suffering [from one of the
diseases] (general population, Gr#5)

| would opt for this [couple-based] because what is the
purpose of knowing all those diseases? You are only
interested in the match (parent, Gr#3)

| would choose as a couple, because, well, there is your
risk, in that match. Call me a romantic, but you sit there as
a couple, as a couple you want a child [...] And it is better
not to know what you do not need to know (relative, Gr#4)

Severity as key criterion for ECS panels

All participants agreed that childhood-onset and life limiting disorders for which no
disease-modifying treatment is available should be included in ECS panels. Disease
severity was often mentioned as criterion to decide which types of disorders (e.g., only
physical disabilities or intellectual disabilities or both) should be included in screening
panels. Relatives mentioned that it can be challenging to determine if disorders are
‘severe enough’ to include in screening panels as some genetic disorders, including
MPS lll, are associated with a variability of disease expression and you cannot always
reliably predict the course of the disease before birth.

The first time we met a couple who'’s child also had MPS Ill, the mother came up to
us immediately and told us that her child still took swimming lessons and everything,
while our son couldn’t do this at all. Our son is now 25, while her child has become
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no older than 16. And then | think, how is that possible? [...] It cannot be predicted
(parent, Gr#1)

The perceived severity of a disease, according to participants, was related to (1) self-
sustainability; (2) if the child would be in pain; (3) if the child would have to undergo
medical procedures; and (4) if 'the child could really be a child’. It was noticeable
that individuals from the general population more often classified disorders as severe
and suitable to include in ECS panels compared to relatives. For example, relatives
classified other disorders, such as congenital blindness and deafness, as relatively mild
compared to the severity of MPS IIl and considered such disorders not severe enough
to be included in the panel, while participants from the general population believed they
could be included.

All participants expressed serious doubts concerning the inclusion of late-onset
disorders in screening panels. Some participants said that late-onset disorders are part
of life and that one should not try to play for God. Others stated that they did not want to
deprive their child of a carefree childhood. On the one hand, some participants supported
the possibility that one should be free to select which disorders or categories of disorders
one would like to have included in an ECS panel.

In my opinion, you can offer it [optional disorders and categories of disorders] and
then everyone can decide for themselves (general population, Gr#1)

On the other hand, other participants were concerned that free choice of disease
(categories) might lead to unwanted ‘designer babies’.

No, then you go shopping [for which disorder you prefer screening]. | find this very
difficult to consider. It shouldn't be a lottery. Then you go back to that designer [baby]
argument. Well, | think that, | think that’s too much (parent, Gr#1)

Support for ECS

All participants had a positive attitude about ECS and considered the offer of such a
test important for all prospective parents. Moreover, they believed that ECS should be
made available more actively, for example by health professionals such as the general
practitioner and via specialists. To increase awareness about ECS, participants believed
the government should have a leading role and suggested to make use of commercials,
banners, social media, information on contraceptives and flyers. Moreover, high school
was mentioned as setting in which teenagers could be informed for the first time about
the availability of ECS.

Maybe first a big national campaign and after this, smaller initiatives should be

initiated to keep the information up-to-date. | think the majority of people does not
know anything [about ECS]” (general population, Gr#5)
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DISCUSSION

This study explored the perspectives of relatives of MPS IlI patients and members of the
Dutch general population on several important aspects related to preconception ECS. As
the current study used a qualitative focus group design, we were able to further assess
the motives, considerations, and feelings of relatives of MPS Ill patients and the general
population about ECS, related to the opinions as reported in earlier survey studies on
ECS® .

Despite initial confusion about its purpose, both relatives of MPS Il patients and
individuals from the general population supported an offer of ECS to all prospective
parents in the Netherlands. Participants mentioned the benefits of ECS for prospective
parents, but also emphasized the benefits from other perspectives (i.e., the future
child, family, and society). These positive views are in agreement with the results of
earlier survey studies on the attitudes of relatives of MPS Il patients'® and the general
population®? 1618 Participants in our study believed that the population needs to be more
actively informed about the availability of ECS, which underpins their positive attitudes.

Discussing the benefits of ECS, only relatives of MPS Il patients mentioned an
earlier postnatal diagnosis as a possible benefit of ECS. This outcome is likely related to
a long diagnostic delay experienced by many parents of MPS IlI children®®. Furthermore,
only relatives mentioned benefits of ECS for other family members, as they know from
experiential perspective that a severe genetic disorder may have significant psychosocial
impact on the whole family?®.

Despite positive attitudes, participants mentioned significant barriers for
implementation. The out-of-pocket costs associated with ECS testing were seen as an
important barrier to participate in ECS and could result in inequality in access. Currently,
ECS for prospective parents in the Netherlands without a medical indication, for example
a positive family history, belonging to an ancestry-based or geographically based high
risk group, is not reimbursed by health insurance companies. Previous studies in the
Netherlands® ®, Australia'® and the UK®” showed that most prospective parents are willing
to pay a maximum of approximately 50-150 euro, whereas the current costs of ECS in
many countries worldwide are much higher. In accordance with previous studies® ' 38
%9 a lack of perceived personal relevance due to the absence of a genetic disorder in
the family was believed to be an important reason for people to refrain from having ECS.
Initiatives to inform couples planning a (near) future pregnancy about the rationale of ECS
(e.g., aiming at couples without positive family history), for example with public education-
or awareness campaigns, are essential and were encouraged by all participants in our
study. In line with our findings, Holtkamp et al.’? showed that Dutch key stakeholders
including those working in the field of carrier screening believed that more awareness
of ECS and genetic disorders included in screening panels could overcome a lack of
demand among the general public as well.

Concerns about social stigmatization or discrimination are frequently mentioned in
discussions about the acceptability of carrier screening'. Although offering ECS to the
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general population might reduce stigmatization of specific ethnic groups compared to
ancestry-based panels, expanded screening panels could reinforce the stigmatization of
disabilities in general' 28, In the current study, however, relatives of MPS Ill patients did not
mention concerns about any form of stigmatization. The strong positive attitudes of MPS
[l relatives towards ECS may be related to the neurodegenerative and progressive course
of MPS I, which places a significant burden on the child and the family“®#'. Boardman et
al.?22 showed in their study on the views of affected families towards population screening
for SMA that attitudes towards screening were highly correlated with quality of life (QoL)
rated by patients themselves or by their family members. Those perceiving the lowest
QoL were most likely to support the implementation of ECS for SMA compared to those
perceiving a good QolL.

In all focus groups, the majority of participants preferred full disclosure of individual
test results instead of couple-based results. This is in accordance with previous studies
on the attitudes towards ECS® and carrier screening for CF*2. An innovative suggestion of
participants in the current study was to give (prospective) parents the choice. However,
such a choice option may be challenging in practice. Moreover, full disclosure of test
results may be less feasible when screening for a high number of variants due to the
complexity and costs of providing (post-test) counseling for a relatively high amount
of disorders, as it is estimated that every individual is carrier of ~20 AR disorders*,
Couple-based test results are expected to reduce the impact on workload and costs in
the laboratories, and the amount of work and costs associated with subsequent genetic
counseling** 6. However, the limited possibility for cascade testing in families in case
of couple-based test results can also be perceived as a disadvantage, in particular for
more common disorders such as CF*¢. This drawback may be overcome by additionally
communicating only those disorders with higher carrier frequencies on an individual
basis, as recently implemented in Belgium®. All participants agreed that severe
childhood-onset disorders which substantially impair QoL, such as MPS IlI, should be
included in ECS panels. In accordance with recommendations of the European Society
of Human Genetics? and a recent study on the development of the gene panel for the
Australian Reproductive Genetic Carrier Screening Project?®, disease severity was the
most important characteristic when considering disorders suitable for screening.

Individuals from the general population more often classified disorders as severe
and suitable to include in ECS panels compared to parents of MPS Il patients. A
discrepancy in perceptions of disease severity was also found in the study of Boardman
et al.*8, in which the general public had a more negative view of SMA compared to families
themselves. The influence of experiential knowledge on perceptions of disease severity
should be considered when drafting future policy decisions regarding the composition
of ECS panels.

Opinions in the focus groups were divided on whether to give prospective parents
the opportunity to choose from a list of individual disorders or to choose from different
panels, for example categories of disorders similar in type or severity as suggested
by Kraft et al*®. Genetic professionals in the study of Chokoshvilli et al.®® believed that
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offering individual couples a choice of disorders for which they would like to be screened
is not feasible in a population screening setting as it may be complicated for prospective
parents without prior experience to understand individual disorders. This is in accordance
with a previous study assessing health professionals’ preferences towards the NIPT
offers®. Moreover, many genetic disorders included in ECS panels have a wide variation
in severity which cannot predetermined with ECS. Counselling potential users on all
individual disorders and their phenotypic variation would not be feasible within the
time currently available. As this might jeopardize informed decision-making, a model of
generic consent has been proposed to meet this challenge®'.

Some limitations of the current study need to be discussed. First, the perspectives
of relatives of MPS llI patients may not be generalizable to relatives of patients with other
genetic disorders included in ECS panels, as previous studies suggest that disease
severity affects the attitudes of patients and their family members towards preconception
ECS?225, Second, more than half of the participants were highly educated which is not a
reflection of the general population in the Netherlands. However, the association between
educational level and interest in ECS is unclear® ® 15639 Third, response bias may have
occurred if relatives who support ECS implementation and who previously participated
in the survey study were more likely to attend the focus groups. Although many relatives
of MPS Il patients already participated in the previous survey study on ECS, we did
not observe any differences in their understanding or attitudes compared to relatives
who did not. Fourth, the way in which we explained the concept of ECS to members of
the general population and relatives of MPS Il patients was not equal as relatives of
MPS Il patients were not shown the educational video®. Since relatives were shown
a short presentation on the concepts of inheritance included in the educational video
and presumably had more genetic knowledge at baseline than the general population',
bias likely has been kept to a minimum. Finally, participants with stronger voices might
have dominated the discussion resulting in ‘false consensus’, which we aimed to avoid
by carefully moderating the discussions.

CONCLUSION

In conclusion, this focus group study provided valuable insights that can enrich the
discussions on the implementation of preconception ECS. It is shown that both relatives
of MPS III patients and individuals from the Dutch general population support further
implementation of preconception ECS to prospective parents without an a priori increased
risk, especially for severe, childhood onset disorders. However, important barriers for ECS
implementation were identified. The concept of ECS was difficult to grasp for participants,
especially for individuals from the general population. Educating prospective parents
about the concept of ECS and the type of disorders included in ECS panels is essential
for creating awareness and ensuring an informed choice when offering ECS.
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Chapter 8

ABSTRACT

Preconception expanded carrier screening (ECS) aims to identify couples with an
increased risk of having a child with an autosomal recessive (AR) disorder before
pregnancy, thereby enabling reproductive choices. Genetic knowledge and experiential
knowledge both influence the uptake of ECS. As people in the general public often lack
such knowledge, it is essential to provide appropriate and understandable information
when offering ECS. This study investigated the effect of an educational video, compared
to an educational text, on the knowledge and attitudes towards preconception ECS in
the general population. Both the text and video consisted of a brief educational summary
on AR inheritance and on the type of disorders included in ECS, with the progressive
neurodegenerative condition mucopolysaccharidosis type Il (MPS Ill) as an example.
Participants in the reproductive age were invited in collaboration with a research agency.
Respondents (N = 789) were offered an educational video prior to completing an online
questionnaire that examined genetic knowledge, the perceived severity of MPS Ill,
perceived risk, and attitudes towards ECS. Outcomes were compared to reference
data collected previously in which respondents had been offered an educational text
(N = 781). We first again studied the attitudes towards ECS in a smaller educational text
group (N = 266) in order to assess if attitudes had changed over time due to increased
media coverage on ECS, which did not reveal any significant changes. Respondents
who were offered the video had a better genetic knowledge, perceived MPS Il as more
severe, perceived their risks higher, and were more likely to participate in ECS compared
to those who were offered text. Online video may well be used as supportive tool to
the genetic counseling process, creating more knowledge on ECS and severe genetic
disorders included in preconception screening panels.
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INTRODUCTION

Patients with autosomal recessive (AR) disorders are generally born into families with no
prior family history for that specific disorder. Carrier couples are thus mostly not aware
of their carrier status and increased risk of having affected offspring™ 2. Preconception
expanded carrier screening (ECS) entails simultaneously testing for multiple AR disorders
and provides the opportunity to identify carrier couples before pregnancy, thus allowing
autonomous reproductive choices®*. The number of AR disorders included in available
ECS panels varies from 40 to more than 1000 disorders®. Since 2016, universal
preconception ECS panels for 50 to 70 severe AR childhood onset disorders have been
made available to the general public in the Netherlands by two academic hospitals
(Amsterdam University Medical Centers® and the University Medical Center Groningen’).
These ECS panels are available for couples from the general population, who do not have
an increased risk of being a carrier couple based on ancestry or consanguinity, and are
currently not reimbursed by Dutch health insurance. The panels comprise relatively more
prevalent severe childhood onset disorders, resulting in significant physical disabilities
and/or intellectual disabilities and/or severe pain and/or frequent hospital visits, for which
no highly effective disease modifying treatment is available and/or a premature demise
is expected (e.g., Mucopolysaccharidosis type Il (MPS lll), Zellweger syndrome and
Tay-Sachs disease), as advised by the European Society of Human Genetics®.

Recent studies showed that the intended uptake of universal ECS by the general
population varies from approximately 30% in the Netherlands and Sweden®° to as high
as 68% in Western Australia'’. According the Health Belief Model, people’s perception
about the perceived severity of an iliness, the perceived risk for a disease and the
perceived benefits or barriers influence the engagement in (preventive) health related
behavior. Modifying variables, such as knowledge, can affect those perceptions'. Several
studies indeed showed that both genetic knowledge (e.g., knowledge on genetic risks
and AR inheritance patterns) and experiential knowledge on the potential impact of a
severe genetic disease are important factors determining a person’s intention whether
or not to participate in ECS programs' '*-7. In the general population, there is a low level
of genetic knowledge on ECS leading to misconceptions about carrier screening, for
example, not recognizing that ECS can be relevant especially in the absence of a family
history of a genetic disease® 820, Moreover, experiential knowledge on the nature of the
diseases generally included in ECS panels is low in the general public, as most severe AR
diseases are rare® . In populations with a relatively high risk of AR disorders, such as the
Ashkenazi Jewish population and genetically isolated populations, people are much more
familiar with AR disorders and carrier screening'®. Interestingly, studies investigating the
attitudes towards preconception ECS in specific populations with experiential knowledge
of a disorder included in screening panels, such as family members of cystic fibrosis
(CF) or MPS Il patients, reported higher percentages (up to 80%) in favor of ECS for
that specific disorder?'-?% or for extended screening panels?. These findings underscore
the impact of personal experience with severe genetic disorders on screening attitudes.

153



Chapter 8

The discrepancy in attitudes towards ECS between the general public and people
with genetic and/or experiential knowledge emphasizes the importance of providing
understandable and appropriate information to ensure informed decision making in the
general public when offering ECS. This may be achieved by educational texts, leaflets,
face-to-face conversations or videos. The latter offers the opportunity to visualize difficult
concepts and may portray real life situations, also to people with limited literacy?.
Several studies indeed showed that the use of video can help to increase knowledge
and informed decision making on certain health topics (e.g., antenatal Down Syndrome
screening)?6-29,

With this study we aim to assess the effect of a short educational video compared
to text on knowledge and attitudes towards preconception ECS in the general public.
We took specific care to only use non-directive and objective information about ECS in
the video as we did not want participants to interpret the video as a recommendation
to opt for ECS.

METHODS

Participants and procedures

Respondents in the reproductive age (18-45 years) were recruited online in October
2018 by TNS Kantar, a Dutch research agency, that provide access to a panel of more
than 200,000 individuals who are willing to participate in research in exchange of a
small reimbursement. The sample was stratified from their database based on the key
demographics gender, socio-economic status, educational level, and regional area
to guarantee a representative sample of the Dutch population. Informed consent was
obtained from all respondents. The Medical Ethics Committee of the Amsterdam UMC,
the Netherlands stated that Medical Research Involving Human Subject Act (WMO) does
not apply to this study as it concerns an anonymous questionnaire study and therefore
formal ethical approval was not necessary. The recruiting procedure was identical to the
procedure used in a previous study on the attitudes towards preconception ECS in the
general Dutch population®.

In total, 789 participants (1745 invited, response rate 45.2%) were offered an
educational video (video group) presenting information on ECS and MPS Ill based on the
educational text offered in the study of Nijmeijer et al®. The data from the 781 respondents
collected in that study were used as reference data (text group). Since 2 years had
elapsed between the data collection of the video group (2018) and the text group (2016),
a group of 266 participants were additionally recruited in the current study (521 invited,
response rate 51.1%) and offered the same text for information as used in the Nijmeijer
et al.® study in order to assess if time had influenced the attitudes towards ECS possibly
as the result of increased media coverage on ECS.
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Provided information

The educational text, video and questionnaire were all in Dutch. Supplementary materials
for this publication were translated into English.

Educational text

A full description of the original educational text as used in the study by Nijmeijer et al.®
can be found in Chapter 5 — Supplementary Text B. It concerns a brief online written
educational summary on AR inheritance, the ECS test, reproductive options and a
description of the nature and course of MPS Il (Sanfilippo disease) to illustrate the type
of disorders included in the ECS test.

Educational video

The video was designed and produced in collaboration with an organization specialized
in educational videos in the field of medicine (Artsen voor Kinderen; Doctors for Children).
The script of the educational text was used as frame from which the video was designed.
We used informative animations with a voice over to visualize the information on AR
inheritance and the ECS test. The general concept of ECS, reproductive options, and
the nature and course of MPS Il as an example of the type of disorders included in ECS
were explained by a medical doctor, supported by visual bullets and animations. MPS
[l was illustrated by video-recording of two MPS Il patients in their home-environment
(e.g., images of patients walking with their parents or sitting in a wheelchair). In addition,
extra factual information about the general risk of being a carrier couple (1 in 150) and
the general risk of having an affected child with one of the AR disorders included in the
ECS (1 in 600) had been added. The video lasted 6:27 minutes (see https://youtu.be/
VIOFKDNF_-tl, including English subtitles).

Outcome measures

Sociodemographic characteristics

The sociodemographic characteristics age, gender, educational level, considering a
(future) pregnancy, marital status and religion were collected. Additionally, three multiple
choice questions assessed familiarity with carrier screening, with hereditary diseases
and previous experience with genetic carrier testing.

Genetic knowledge

A brief genetic knowledge test was used to assess whether the information in the
educational text or video was correctly understood. The genetic knowledge test consisted
of 7 items (e.g., ‘if only one partner is carrier for one of the diseases, couples have an
increased risk to have a child with that disease’) and was answered on a three point scale
(1 = correct, 2 = incorrect, and 3 = | do not know). The total score ranges from O to 7, at
which a higher score indicates a better genetic knowledge (Chapter 6 — Supplementary
Text A).
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Perceived severity of MPS 111

The perceived severity of MPS |l was assessed by two statements (‘/ believe MPS |1l is
a severe disease’ and ‘I believe that the life expectancy of MPS Ill is very bad (severe
patients often die before reaching adulthood) and answered on a five-point Likert scale
(1= totally disagree to 5=totally agree) (Chapter 6 — Supplementary Text A).

Perceived risk

Three questions about the perceived risk of being a carrier (‘How high do you consider
a chance of 1.6 of being a carrier of a severe, hereditary disease?’, ‘How high do you
consider a chance of 1:150 that both partners are carrier of the same severe hereditary
disease?” and ‘How high do you consider the chance of 1:600 per pregnancy of having
a child with a severe, hereditary disease?’) were assessed and answered on a five point
Likert scale (1= very lowto 5 = very high) (Appendix S1).

Answers on these three domains were also collected in the study by Nijmeijer, Conijn
9 (text group), but were not reported in that publication. We now used these outcomes
to examine the effect of the educational video in comparison to text on these domains.

Attitudes towards ECS
In the current study, the following domains, also assessed by Nijmeijer et al.® in their ‘text
only’ study, were studied (Chapter 5 — Supplementary Text B):

I. Intention to participate in ECS, which was measured multiple choice (1 = definitely,
2 = probably, 3 = | do not know, 4 = probably not, 5= definitely not, 6 = | already
had a carrier test).

II. Level of agreement on feelings towards ECS in general and personally considering
ECS, which was measured using a semantic differential five-point scale with seven
adjective word pairs: negative-positive, undesirable-desirable, frightening-non
frightening, unwise-wise, non-reassuring-reassuring, unethical-ethical, logical-
illogical.

I1l. Perceived benefits of (A) and barriers against ECS (B), and freedom-of-choice
statements (C), measured by using a five point Likert scale (1 = totally disagree to
5 = totally agree).

IV. Most important reasons in favor of ECS and against ECS, measured by choosing
a maximum of two arguments out of a list of arguments.

V. Perceived personal consequences of ECS: Considerations regarding test results
of ECS (A), Perceived consequences as a carrier (B), and Perceived reproductive
choices as a carrier couple (C), measured by using a five point Likert scale
(1 = totally disagree to 5 = totally agree).
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Statistical analyses

Descriptive statistics were performed to describe the sociodemographic characteristics
of all groups. Sociodemographic characteristics of the groups were compared by using
independent sample t-tests for continues data and chi-square tests for categorical
data. The items of the genetic knowledge test were transformed to binary coded
items (0O = incorrect answer/l do not know, 1 = correct answer) and computed to a
total sum score (range 0-7). All items containing five-point scales were transformed to
binary coded items (0 = (totally) disagree/not disagree/not agree or (very) low/not low
and not high, 1 = agree/totally agree or (very)high). The word pairs (domain Il) were
compromised into three answer categories: 1= (totally) disagree, 2 = do not disagree/ do
not agree, 3 = (totally) agree. First, it was assessed if sociodemographic characteristics,
genetic knowledge, perceived severity of MPS Ill, perceived risk and attitudes towards
preconception ECS remained the same over time by comparing outcomes of respondents
who received the text in 2016 and 2018 by using Mann-Whitney U tests and chi square
tests. Second, answers on the genetic knowledge test, the perceived severity of MPS 11,
the perceived risk and attitudes towards ECS were compared between the video group
and the text group by using Mann-Whitney U tests and chi-square tests to assess the
impact of the educational video compared to text. Statistical Package for Social Sciences
(SPSS) version 25 was carried out for all statistical analyses (SPSS, Inc., Chicago, IL,
USA). P-values < 0.05 were considered statistically significant.

RESULTS

Sociodemographic characteristics

No significant differences were found between respondents who received the written
educational text in 2016 and in 2018 (data not shown).

The sociodemographic characteristics of the text group and video group are
presented in Table 1. No significant differences were found between the groups.
Respondents were in the reproductive age (18-47 years) and the majority of them had
not heard of a carrier screening test before participating in this study. The minority of
the respondents already had a carrier screening test (3.2% in the text group and 2.5%
in the video group). All respondents were included in the analyses.
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Table 1 | Sociodemographic characteristics

Text group? Video group
(N=781) (N=789)
N % N % p
Age in years; mean (SD) 31.2(7.3) 31.4(7.0) 0.54
18-24 151 19.3 132 16.7 0.14
25-34 374 47.9 413 52.3
35-45 256 32.8 244 30.7
46-47 0 0 2 0.3
Female gender 379 48.5 411 521 0.16
Educational levelP 0.55
Low 164 211 158 20.0
Intermediate 356 457 348 441
High 259 33.2 283 35.9
Religious beliefs 0.36
No 341 43.7 362 459
Yes 418 53.5 398 50.4
| do not want to say 22 2.8 29 3.7
Marital status 0.58
Single 198 25.4 205 26.0
In a relationship / married 583 74.6 583 73.9
Other 0 0 1 0.1
Considering a (future) pregnancy 0.40
No 461 59.0 449 56.9
Yes© 320 41.0 340 4341
Currently pregnant (partner or self) 20 3.0 36 4.8
Do you know someone (or have you known someone) with a hereditary disease? 0.36
No 561 71.8 195 73.3
Yes 220 28.2 71 26.7
Have you ever heard of a carrier test before this questionnaire? 0.34
No 604 77.3 550 75.3
Yes 177 22.7 239 20.3
Have you ever taken a carrier test? 0.37
No 756 96.8 769 97.5
Yes 25 3.2 20 2.5

aData collected in 2016 by Nijmeijer et al. (2019). "Educational level was divided into three categories according
to the classification of Statistics Netherlands: low (primary education, lower vocational education, lower and
middle general secondary education), intermediate (middle vocational education, higher secondary education,
pre-university education) and high (higher vocational education, university. Distribution of educational levels in
the Netherlands: 30% low, 40% intermediate and 30% high. °Considering a (future) pregnancy contained the
following answers: ‘I have no children at the moment but | would like to have children’, ‘I have children and my
partner and | would like to have more children’, | am / my partner is currently pregnant’, or ‘I would have liked to

have children but | remained childless’.
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Controlling for the influence of time

There was no significant difference in the number of respondents expressing an intention
to participate in ECS between the groups who received the educational text in the
current study and two years previously in the study by Nijmeijer et al.® (35.1% and 31.0%
respectively, p = 0.223). Moreover, no significant differences between both groups were
found in 60 of the 62 items relating all other domains. Participants in the current text group
only agreed more often on the statement ‘the carrier test can avoid suffering for future
parents’ (74.1% vs. 67.2%, p = 0.04) and that MPS Il has a very bad life expectancy
(82.0% vs. 75.0%, p = 0.021).

Effect of the educational video compared to the educational text

Genetic knowledge test
Respondents in the video group scored higher on the knowledge test (median=6, range
0-7) compared to respondents in the text group (median=5, range 0-7, p < 0.001).

Perceived severity of MPS Il

The majority of all respondents experienced MPS Il as a severe disease. However,
respondents in the video group more often agreed that MPS Il is a severe disease
(83.7%) compared to the text group (72.3%, p < 0.001) and more often agreed that MPS
Il has a very bad life expectancy (84% in video group vs. 75% in text group, p < 0.001).

Perceived risk

Respondents in the video group and the text group equally perceived a chance of 1:6 of
being a carrier of a severe hereditary disease as (very) high (70.3%). Compared to the
text group, the video group more often perceived a chance of 1:150 that both partners
are carrier of the same disease as (very) high (respectively 38.5% vs. 46.6%, p = 0.001)
and a chance of 1:600 of having a child with a severe hereditary disorder as (very) high
(respectively 31.4% and 38.1%, p = 0.005).

Attitudes towards preconception ECS

I. Intention to participate in ECS

The minority of respondents stated that they would participate themselves in ECS.
However, respondents in the video group reported more often that they would probably
or certainly participate in preconception ECS compared to respondents in the text group
(39.1% vs. 31%, p < 0.001).

Il. Level of agreement on feeling towards ECS in general and personally con-
sidering ECS

Respondents in the video group and text group significantly differed in their agreement
on almost all feelings towards ECS in general (Figure 1), and when personally considering
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ECS (Figure 2). Agreements of respondents in the video group were more in favor of ECS
compared to those in the text group.

Negative $ 3 Positive *
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3 s P T £ z
Frightening Nonfrightening *
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i T T
Unwise v v Wise =*
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: T T 2
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Fig 1 | Level of agreement on feelings towards ECS in general.

Questionnaire domain Il. The figure illustrates the level of agreement of the text group (T, N=781) and the video
group (V; N=789) on seven feelings in response to the question: ‘That all couples considering a (future) pregnancy
can take the carrier test for 50 severe hereditary disorders, | find’

The red bars represent the percentage of participants who (totally) agreed with the words on the left side of the
figure. The gray bars represent the percentage of participants with a neutral opinion towards the word pairs.
The green bars represent the percentage of participants who (totally) agreed with the words on the right side of
the figure. *p < 0.05, **p < 0.001 by using chi-square tests.
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Fig 2 | Level of agreement on feelings when personally considering ECS.

Questionnaire domain Il. The figure illustrates the level of agreement of the text group (T; N=781) and the video
group (V; N=789) on seven feelings in response to the question: ‘That | personally can take the carrier test for 50
severe hereditary disorders, | find'. The red bars represent the percentage of participants who (totally) agreed
with the words on the left side of the figure. The gray bars represent the percentage of participants with a neutral
opinion towards the word pairs. The green bars represent the percentage of participants who (totally) agreed
with the words on the right side of the figure. *p < 0.05, **p < 0.001 by using chi-square tests.

Ill. Perceived benefits of and barriers against ECS and freedom-of-choice
Statements

Respondents in the video group significantly more often agreed with all statements
associated with potential benefits of ECS compared to the text group (Table 2A). They
also less often agreed with almost all the statements associated with potential barriers
against ECS. Respondents in the video group and the text group only equally agreed
with the statement that ECS may be a first step in the development of a perfect child
(respectively 31.5% and 31.6%) (Table 2B). Finally, respondents in the video group
significantly more often agreed with all freedom of choice statements compared to the
text group (Table 2C).
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Table 2 | Agreement with statements regarding perceived benefits of and barriers against
ECS and freedom-of-choice statements

Text Video
group? group
(N=781) (N=789)
% % p

A. Perceived benefits of ECS
The carrier test can avoid suffering for future parents 68.2 74.3 0.008
Offering the carrier test avoids much suffering for the entire family 67.2 73.3 0.009
The carrier test can prevent costs for the family 57.4 68.1 0.000
The carrier test can prevent costs for the society 48.9 59.3 0.000
The results of a carrier test can help in choosing a partner 7.30 4.80 0.039
B. Perceived barriers against ECS
Zgﬁdcarrier test creates too high expectations of the birth of a healthy 439 362 0.002
The carrier test will be the first step in developing a perfect child 31.5 31.6 0.979
Offering a carrier test leads to anxiety 39.2 30.9 0.001
ggﬁ:gg the carrier test can cause people to feel forced to undergo 29.0 29 1 0.001
e Dy SR g o oong
C. Freedom-of-choice statements
Zﬂﬁdcr:;rier test should be offered to every couple that wants to have 549 659 0.000
Every couple that wants to have children must take the carrier test 22.0 26.2 0.034

Questionnaire part lll: agreement on statements regarding ECS.
aData collected in 2016 by Nijmeijer et al. (2019).
Significant differences p < 0.05 are presented in bold.

IV. Most important reasons in favor of ECS and against ECS

Out of eleven potential reasons suggested, the most selected reason in favor of ECS
for both the video group (53.1%) and text group (47.2%) was that they want to spare
their child a life with a severe hereditary disorder (Table 3A). Out of thirteen suggested
reasons, the most selected reason against ECS for both the video group (39.5%) and the
text group (48.0%) was that nobody in the family has one of these disorders (Table 3B).
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Table 3 | Most important reasons in favor of and against ECS

Text Video
group? group

(N=781)  (N=789)

% % p

A. Most important reasons in favor of ECS

I want to spare my child from a life with a severe hereditary disorder 47.2 531 0.020
| do not want a child with one of these 50 disorders 20.9 28.3 0.001
| want to prepare myself for a child with one of these disorders 23.8 22.7 0.597
A hereditary disorder occurs in my family 17.0 16.5 0.769
| believe | have a great chance of being a carrier 16.6 13.2 0.054
B. Most important reasons against ECS

Nobody in the family has one of these disorders 48.0 39.5 0.001
| am afraid of the test results 15.7 16.9 0.552
I do not believe | have a great chance of being a carrier 20.4 14.8 0.004
ggodins(;trgglri:ve | have a great chance of having a child with one of these 177 134 0.011
| would not do anything with the results 12.9 12.8 0.938

Questionnaire part 1V: the top 5 most frequently selected reasons in favour of and against ECS in order of
frequency.

aData collected in 2016 by Nijmeijer et al. (2019).

Significant differences p < 0.05 are presented in bold.

V. Perceived personal consequences

There was a significant difference between respondents in the video group and text
group regarding their agreement on most items of the domain ‘perceived personal
consequences’ (Table 4). For example, respondents in the video group more often would
consider in vitro fertilization (IVF) with embryo selection compared to the text group
(respectively 48.2% vs. 38.5%, p < 0.001).
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Table 4 | Statements regarding perceived personal consequences of ECS

Text Video
group? group
(N=781)  (N=789)
% % p
A. Considerations regarding test results of ECS
| yvould find it difficult if my child would be affected by one of the 50 76.6 828 0.002
disorders
Thei result§ of a carrier test can help me in making decisions about 549 50.6 0063
having children
If I do not part|qpate, | 'am afraid | will regret it if my child is affected with 490 56.3 0004
one of the 50 disorders
If I do not participate, | am afraid | will regret it later 42.9 517 0.000
Offering a carrier test takes away the spontaneity of having children 43.9 421 0.462
B. Perceived consequences as a carrier
By prgventmg the birth of child with a severe hereditary disorder, a lot of 64.0 716 0.001
suffering can be prevented
Itis important that the birth of a child with a severe hereditary disorder 60.7 68.2 0.002
can be prevented
If I were a carrier, | wogld find |tld|ff|cult tC.) inform my family members 379 346 0174
about their increased risk of being a carrier
| am afraid people will look differently at me when they know | am a 24 2 155 0.000
carrier
C. Perceived reproductive choices as a carrier couple
| find it important that carrier couples can prepare themselves for the
birth of a child with a severe hereditary disorder 8.6 80.7 0.297
| would Cons@er an exar.mnlat\oln of the fogtus during pregnancy 63.5 625 0674
(prenatal testing by chorionic villus sampling)
A§ part of a carrler.couple, | ' would consider in vitro fertilization (IVF) 385 482 0.000
with embryo selection
If my parmer and | are a carrier couple, | would decide not to have 351 293 0.014
(more) children
| would take the risk and not take any action (the child is born as he or 341 084 0.015

she is)

Questionnaire part V: agreement on statements.
aData collected in 2016 by Nijmeijer et al. (2019).
Statistical differences p < 0.05 are presented in bold.
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DISCUSSION

The purpose of the current study was to assess the impact of an educational video
compared to an educational text on the knowledge and attitudes towards preconception
ECS for severe childhood onset disorders in the general population. MPS Il was used
as an example of the type of disorders that are included in ECS panels.

First, we show that genetic knowledge and the attitudes towards ECS, as assessed
by our questionnaire, had not changed over 2 years’ time. Therefore, we can assume that
the difference in attitudes between the text group and video group is due to the mode of
presenting the information and not to accumulating knowledge and awareness over time.

Watching the educational video led to an increased intended uptake of ECS testing.
Moreover, respondents who watched the video had an overall more positive attitude
towards preconception ECS compared to those who read the text. In addition, participants
who were offered the video as source of information scored significantly higher on the
genetic knowledge test. This is in line with earlier studies demonstrating the positive effect
of using video to increase knowledge of (future) parents on Down Syndrome screening?”
80 and of members of a Jewish population on preconception carrier screening®®. However,
a study by Clayton et al.3' reported that written and video materials were equally effective
in conveying information about preconception carrier screening for CF.

Surprisingly, aimost 40% of the respondents who were offered the educational video
still chose ‘absence of a genetic disorder in the family’ as most important reason not to
take ECS, although the video extensively explained the concept of AR inheritance. Ong
et al.'" also demonstrated that good genetic knowledge may not be sufficient to fully
understand the core concepts of ECS, potentially compromising an informed decision.
Nevertheless, this reason was less often chosen by the video group compared to the
text group (49%), confirming that the video led to improved knowledge on the concept
of AR inheritance.

Improved genetic knowledge in the video group does not necessarily mean this
group would make a more informed decision compared to the text group or that the text
group will make an uninformed decision. As the aim of ECS is to provide carrier couples
with options for autonomous reproductive choices, it is also important to determine
whether individuals make an informed decision to opt for screening or not, i.e. a decision
free of coercion and consistent with a persons’ norms and values®. To obtain information
on the degree of informed choice, more insight is needed in the values people attach to
potential benefits and harms of screening, the reasons why they (do not) opt for the test,
and if this decision was in line with their own values and beliefs® 33,

This study also shows that participants who watched the video more often agreed
that MPS Il is a severe disease compared to those who read the educational text. The
portrayal of real-life images of MPS Il patients in their home environment likely created
more awareness on the possible impact of the disease. Previous research showed that
explaining a disease by video increased the subjective understanding of that particular
disease®. The fact that respondents who watched the video perceived MPS Il as more
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severe may also explain the more favorable attitudes towards ECS in this group. Whereas
several studies found that awareness of genetic diseases and the perceived severity
of an affected child was positively associated with the intention to participate in carrier
screening™ 735, Poppelaars et al.*® did not found such an association for CF screening.
Although 84% of the participants in the video group perceived MPS Il as severe, less
than half of them indicated that they probably or certainly would participate in ECS.
As was also shown in the study of Henneman et al.¥’, these results suggest that other
(Health Belief Model related) factors may be more decisive. For example, participants
might believe that ECS is not relevant for them due to the absence of a genetic disorder
in the family or the outcome would not influence their reproductive decision making.
Nevertheless, an illustration of the effect of more awareness about the potential impact
of severe AR disorders included in screening panels is the remarkably high intended
uptake rate of 68% in Western Australia'" (compared to e.g., 31% in the Netherlands®),
as the uptake in Australia was assessed after substantial media coverage of parents
who shared their personal story about their daughter with a severe genetic disorder
and the importance of ECS (see e.g., https.//science.anu.edu.au/news-events/news/one-
small-baby-one-giant-leap-genetic-screening for more information). However, intended
participation is not always a good reflection of the actual test uptake, since the actual
test uptake may be influenced by other factors such as time and costs®.

Another finding of our study was that all respondents perceived the actual risk of
being a carrier or a carrier couple as high. Respondents in the video group perceived
the risk of 1:600 of having a child with one of the 50 severe genetic disorders higher than
the text group. The relation between risk perception and screening behavior is unclear,
as some studies found that perceived risk was positively associated with intended
participation®%°, while others did not confirm this association' 3.

It has been recognized that offering balanced information about genetic disorders
and disabilities is important to facilitate informed choices in (prenatal) screening
programmes?*®-42. In order to provide balanced information about MPS Il in the current
study, we included both visuals of MPS Il patients in the first years of their life without
disease characteristics as well as teenage patients completely dependent on care. In
order to stay close to the script of the educational text we did not include interviews with
parents or other relatives in the video. This is in contrast with an earlier study assessing
a web resource that provided information about disorders based on the testimonies
of people with disabilities and their families to support choices in antenatal screening
decisions*'. Although narratives would have balanced the information on the medical
aspects of MPS lll, it does not necessarily mean they are balanced in itself and may bias
individuals’ decision making in an unpredictable way*® 44,

Study limitations

Some limitations of the current study need to be discussed. Firstly, the current study
assessed attitudes towards a hypothetical test situation and therefore the outcomes
may differ in a real world test situation. Secondly, we did not assess the level of genetic
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knowledge before offering the educational text or video. However, as no baseline
differences in the familiarity with carrier screening and hereditary diseases were detected,
we assume equal prior genetic knowledge between the text group and the video group.
Secondly, we did not control whether participants actually read the educational text or
fully watched the video, although we had emphasized its importance in the information
at the start of the survey. Thirdly, we used MPS Il as an example of the type of disorders
included in ECS. As MPS Il is a very severe progressive disorder it may not be fully
representative of all disorders included in ECS panels. However, we specifically took care
not to show patients in the last stage of the disease, as we wanted to avoid emotional
coercion. Fourthly, there was a difference in content between the educational text and
the video, as in the video factual information on the risk of being a carrier couple (1 in
150) and the risk of having an affected child when being a carrier couple (1 in 600)
was added. However, respondents in the text group were also informed about these
risks as this was included in the questionnaire domain ‘perceived risk’. This may have
minimized the influence of this difference in content. In addition, the video comprised
additional information as the concept of AR inheritance was explained by animations
and the example of the disorders included in the ECS panel, MPS IlI, was illustrated by
video-recordings of two patients. Therefore, the differences between the text group and
video group might be caused by the different methods of presenting information, but
also by the additional content.

Practice implications

As ECS is currently offered to individuals or couples without an a priori risk for, and limited
awareness of the disorders included in the screening panels, it is important to educate
the general public about the various aspect of ECS and the type of included disorders.
This study shows that an educational online video may well be an effective supportive tool
to this end and may be used by health care professionals, including genetic counselors
and general practitioners.

Research recommendations

Although our educational video led to improved genetic knowledge compared to text, we
show that surprising misconceptions about ECS may still remain. Further research may
examine the effectiveness of different types and combinations of educational tools. This
might include a combination of video and text, interactive web-based learning, whether
or not in combination with a brief contact with a trained counsellor which might be done
in person or by phone or video consultation. We believe that such studies are paramount
to determine the optimal way to educate the general public on preconception ECS which
is essential for responsible and effective introduction of this type of screening.

Conclusion

The results of our study are in line with the current era of online, visual and concise
information retrieval as it shows that the use of video for educating the general public
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on preconception ECS and on the disorders generally included in such tests is superior
to text and leads to increased genetic knowledge. Moreover, this study shows that
potential uptake rates of ECS may increase with the use of video as educational tool. The
success of preconception ECS programs should not be assessed merely on the uptake of
screening but rather in terms of a measure of informed choice of (prospective) parents®.
Online video may well be used as supportive tool to the pre-test genetic counseling
process to facilitate informed choice.
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APPENDIX S1

Perceived risk

The following questions are about the chances of having a child with one of the 50
hereditary diseases. Tick the box that most closely represents your opinion.

Very low Low Not high / High Very high
not low

How high do you consider a chance of 1:6 of = o o o o
being a carrier of a severe, hereditary disease

How high do you consider a chance of 1:150 o o =] o o
that both partners are carrier of the same

severe hereditary disease?

How high do you consider the chance of 1:600 u] =] o u] =]

per pregnancy of having a child with a severe,
hereditary disease?
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Keep exploring, seek and find, you know you might surprise yourself
- Jack Garrett



Chapter 9

GENERAL DISCUSSION AND FUTURE PERSPECTIVES

The main goal of this thesis was to obtain more insight into the impact of progressive, life-
limiting neurocognitive disorders on families, with mucopolysaccharidosis type Ill (MPS IlI
or Sanfilippo syndrome, illustrated in the general introduction) as an illustrative disease.
The first part focuses on the impact of MPS IIl on parental psychosocial functioning and
the effectiveness of a time-limited trauma treatment to improve parental functioning. The
second part outlines the effect of experiential knowledge of families (i.e., knowledge
about the impact of MPS Il gained through experience) on perspectives towards the
introduction of preconception expanded carrier screening (ECS), and highlights the effect
of an educational video (vs. text only) on genetic knowledge and attitudes towards ECS in
the general public. The current chapter will provide an outline and reflection on the main
findings, clinical and practice implications, and recommendations for future research.

Part I: Parental psychosocial functioning and treatment

Main findings

The first study included in this thesis, Chapter 2, highlights that both mothers and fathers
of MPS IlI patients report high levels of clinically relevant anxiety, depression, and parental
distress. The majority of parents suffers from posttraumatic stress symptoms and 27%
of the mothers and 15% of the fathers meet the criteria for posttraumatic stress disorder
(PTSD), in contrast to a prevalence of 7.4% in the general Dutch population. Chapter
3 describes a case study in which a maximum of four sessions Eye Movement and
Desensitization Reprocessing (EMDR) therapy scheduled over two days resulted in a
significant decrease of posttraumatic stress symptoms and comorbid psychological
symptoms in two parents. Traumatic memories and flash forwards (mental representation
of a feared catastrophe) mentioned by parents include e.g., communication of the
diagnosis, termination of a clinical trial or sudden death of the child. Given the promising
results of Chapter 3, we subsequently performed a randomized clinical trial to validate
the feasibility and effectiveness of this approach (Chapter 4). We demonstrate that time-
limited EMDR therapy is a feasible and effective treatment for parents of MPS IlI patients
in reducing the severity of PTSD symptoms, distress, parenting stress, and comorbid
psychological symptoms.

Reflection on the main findings

MPS Il strongly impacts parental functioning

Parents report high levels of anxiety, depression, distress and posttraumatic stress
symptoms, which reflects the major impact of MPS Il on parental functioning. The
outcomes regarding anxiety and depression are in accordance with the general finding
that parents of chronically ill patients more often suffer from these outcomes compared to
parents of healthy children'. Levels of distress measured with the Distress Thermometer
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for Parents (DT-P) were remarkably high in our study compared to studies using the same
questionnaire in parents of patient with Down Syndrome?, children with gastrointestinal
failure dependent on home parenteral nutrition (HPN)3, and IBD*. In line with our findings,
a recent qualitative study from the USA on family experiences showed that parents of
MPS Il patients reported a high caregiving burden across all stages of the disease®.
An important contributor to this parental burden may be the progressive nature of the
disease, as well as the accompanying behavioral and sleeping problems of the child.
Hyperactivity, agitation, aggression and sleep disturbance, all prevalent in MPS I, are
related to family distress based on recent studies® ”.

We are the first to study posttraumatic stress symptoms in parents of MPS llI
patients. During the last decade, the number of studies on posttraumatic stress symptoms
and the prevalence of PTSD in parents of chronically ill children has increased. Recent
meta-analyses among various chronic health conditions showed that approximately
18.9%-22.8% of parents fulfilled criteria for PTSD®°, which is comparable to the rate
found in our study. It is noteworthy that roughly half of the included studies concerned
parents of cancer patients or cancer survivors. Prevalence of PTSD in parents after
pediatric intensive care (PICU) admission ranged between 10-42%'" 2. Posttraumatic
stress symptoms decline when the duration of the disease and/or time since treatment or
acute hospital admission increases® ™ '°. Most parents follow a resilient trajectory (minimal
posttraumatic stress symptoms after a potential traumatic event) and some parents show
spontaneous recovery of symptoms within 1-3 months following the traumatic event'.
Parents of a child with MPS Ill however face an ongoing, long lasting threat (until the
death of the child) with a cumulative effect of several stressful experiences over time
and therefore posttraumatic stress symptoms will persist. PTSD in pediatric practice is
commonly associated with exposure to a single, delineated past event and therefore
overlooked in this specific population. From clinical experience, and also mentioned by
Cohen et al.’s, psychologists are sometimes reluctant to the use of exposure elements in
trauma treatment when people still facing potentially traumatic events'. In this thesis we
show positive treatment effects of EMDR therapy offered to parents experiencing ongoing
stressful events related to the disease of their child and parents felt more resilient and
competent to face future difficulties. Other studies assessing the effectiveness of EMDR
in patients experiencing ongoing personal trauma related to multiple sclerosis (MS) or
during active cancer treatment showed similar positive results': .

Clinical implications

Family matters

Quantification of the impact of MPS Il on parents has served for us as a wake-up call that
a family inclusive approach in the care for MPS Il patients is essential. As psychosocial
problems in parents also significantly impacts the wellbeing of the child™-2°, attention for
parental functioning is beneficiary for the child. Moreover, attention for the psychosocial
wellbeing of siblings and other family members involved in the care for MPS Il patients
should be standard of care. Previous studies showed that siblings of children with a
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chronic disease are at risk for an impaired psychological functioning®' 22, Siblings have
to deal with e.g., feelings of loss, sadness, separation anxiety, and/or jealousy because
of limited attention from their parents?®. Grandparents often offer essential emotional and
practical support in families of children with a life-limiting illness. A recent qualitative study
on the experiences of grandparents losing a grandchild because of a neurological or
oncological disorder highlighted that grandparents report a major psychological burden
as they do not only grief for their dying grandchild, but also for their own child®. As
illustrated in Figure 1 (inspired on the social-ecological model applied to child health?®),
children with a chronic disease live in systems with varying levels of distance from the
child, including parents, siblings, families, peers, schools and the hospital system?.
These systems interact with each other and ultimately affect the wellbeing of the ill child.
This became particularly clear during the COVID-19 pandemic, placing a significant
burden on families, especially on parents of children with special needs?”. As result of
e.g., the closing of medical daycares and the loss of supportive care by grandparents,
families of MPS Il patients were confronted 24/7 with the child’s behavior and sleeping
problems, which were even more present due to disruption of the child’s daily rhythm.

In conclusion, the care offered in pediatric practice should be comprehensive and
incorporate a broader family- and systems perspective?. Psychosocial care for families
is an essential part to provide high standard care in pediatric hospitals.

Figure 1 | Social ecological model and the Pediatric Psychosocial Preventive Health
Model applied to the care for MPS Il families. EMDR eye movement desensitization
and reprocessing; CBT cognitive behavioral therapy; ACT acceptance and commitment
therapy; PST problem solving therapy.

Kazak AE. Pediatric Psychosocial Preventative Health Model (PPPHM): Research, practice, and collaboration in
pediatric family systems medicine. Families, Systems, & Health. 2006,24(4):381.

178



General discussion

Increasing clinician’s awareness

In order to refer families for appropriate interventions and support, clinicians need to be
aware of the psychosocial difficulties associated with raising a child with MPS [l and
referral options. Awareness can be enhanced by education of health care workers (e.g.,
physicians, nurses) about the events that could be potentially traumatic for families (Figure
1, TIER 1a; inspired by the Pediatric Psychosocial Preventive Health Model (PPPHM)?®
outlined in the general introduction of this thesis). We identified important events (targets)
that were traumatic for parents, such as hearing the diagnosis of the child, the beginning
of many uncertainties and feelings of misunderstanding, loss of cognitive abilities of the
child, as well as events associated with experimental clinical trials are often experienced
as traumatic. If clinicians are aware of the impact of such events, they are more likely to
assess and discuss the experiences and psychosocial needs of parents during outpatient
consultations. Moreover, we demonstrate that many parents suffer from flash forward
representations (catastrophic fears about the future) related to disease progression and
demise of the child. It is important that clinicians openly discuss and explore whether
parents suffer from these thoughts, even though it often concerns sensitive and painful
topics.

Psycho-education for families

Psycho-education and information should be accessible for all parents (independent of
their psychosocial status, TIER 1a). Examples are digital tools to provide parents with
information by means of e.g., ‘Het Ouderkompas’?® and the ‘WWW roadmap’ in pediatric
rehabilitation?®. In our center, information about the VKS (the Dutch patient association for
metabolic disorders) is provided to all parents of newly diagnosed patients, as parents
may benefit from (online) networking with other affected families. Recent studies indeed
showed that online support groups and connection with other parents were rated as
beneficial by parents” 0. However, based on clinical experience and the outcomes of this
thesis we have to realize that it could be potentially traumatizing for parents of relatively
newly diagnosed children to see other children with MPS Il in a later stage of the disease.
Parents need to be warned in advance and, if feasible, guided in the process of making
contacts. In addition, once a year our center organizes an MPS Il family meeting in order
to discuss the latest research outcomes or other relevant themes.

Structural screening and monitoring of families

Families at risk for psychosocial problems (which probably applies to -almost- all MPS
[l families) should be recognized early by the multidisciplinary team in order to be able
to offer appropriate interventions. Structural screening and monitoring (TIER 1b) of child
and parental functioning using patient reported outcomes measures (PROMs) could
be helpful, as it is often difficult to decide during a regular visit to the outpatient clinic
which parent need referral during routine outpatient consultations In our center, the KLIK
PROM portal®" (www.hetklikt.nu) is used as a tool to administer PROMs. Parents complete
PROMs prior the outpatient clinic consultation and their answers are been feedback to
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the multidisciplinary team and discussed during consultation. Until recently, parents of
MPS Il patients were only offered the DT-P to monitor for parental functioning®?. Based
on the findings of the current thesis, the PTSD Checklist for DSM-5 (PCL-5) will be
added to screen for posttraumatic stress symptoms?®. The ultimate goal of screening
and monitoring parental functioning is the offer of appropriate interventions to improve
parental functioning and prevent deterioration of psychosocial problems.

Interventions for families

Targeted interventions (TIER 2) should be offered to identified families at risk for
psychosocial problems. An example of such an intervention is the (online) group
intervention ‘On Track’, developed in our center, which is offered for both parents and
siblings of chronically ill children3* 3. Recent research showed that the online ‘On Track’
course (using cognitive behavioral therapy (CBT) techniques and acceptance and
commitment therapy (ACT) techniques) significantly reduces symptoms of anxiety and
depression in parents of children with various chronic ilinesses (e.g., diabetes, asthma)®*.
In contrast to various other chronic illnesses, MPS Il has an invariable progressive and
life-limiting course. Therefore, the themes addressed in this intervention likely do not meet
the topics considered important for parents of MPS Il patients (e.g., grief, dealing with
severe behavior problems) and the development of disease (group) specific modules
would be desirable. Another example of an online group intervention is the Australian
intervention named ‘Take a Breath’, a videoconference based group intervention
consisting of 6 sessions ACT. A recent RCT showed that this intervention resulted in a
decrease in posttraumatic stress symptoms in parents of children with a life-threatening
illness (cancer, a cardiac condition or admitted to the PICU). However, no effect was
found for anxiety, depression and distress®. Online interventions are highly relevant for
parents of MPS Il patients, as they are burdened by the extensive care for their child
and regularly live far away from the national expertise center.

Individual tailored support (TIER 3) should be offered to parents reporting social,
emotional and/or daily practical problems. Parents of MPS Ill patients report specific
problems on several domains, such as the social domain (e.g., problems in their social
relations) and the practical domain (e.g., problems with transport, child supervision).
Seventy percent of the mothers and 37% of the fathers indicated that they (may) want
to talk with a professional about their situation. Social workers can advise and help
parents with difficulties regarding e.g., coping, finances, schooling, and application of
medical devices. For those parents reporting persistent and escalating levels of distress,
which applies to many parents of MPS Il patients, individual evidence based therapies
offered by health psychologists are needed (TIER 4). A recent systematic review on
psychological interventions for parents of children and adolescents with various chronic
illnesses showed that CBT improved parenting behavior, and Problem solving therapy
(PST) improved parenting behavior and parental mental health®. According to previous
studies and clinical guidelines, trauma-focused CBT and EMDR are the most efficacious
treatments for PTSD3% 4%, but EMDR results in a faster recovery*'.
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Given the progressive course of MPS lll, it is highly plausible that psychological

interventions concerning all tiers are indicated at different times and need to be offered
multiple times. Structural monitoring of parental outcomes is therefore, again, of great
importance.

Future perspectives

Optimal support for families: the missing pieces

In conclusion, the first part of this thesis provides information on parental psychosocial
functioning and the effectiveness of a time-limited course of EMDR, all highly relevant
for improving the care for MPS Il patients and their families. In order to optimize the
care for families of MPS IlI patients, the following recommendations can be formulated:

1.

Little is known about the psychosocial functioning of other family members of MPS
[l patients, including siblings and grandparents. Consequently, they are not offered
standard psychosocial care in our center. Future studies should be initiated to assess
their psychosocial functioning so appropriate interventions for these specific groups
can be developed.

Interventions that focuses on disease specific difficulties in caring for a child with
MPS Il are lacking. Efforts should be made on the development and/or adaption
of (online) interventions with special attention for themes associated with the
challenging behavior and the progressive, life-limiting course of MPS Ill. Themes
such as ‘living loss’ (i.e., mourn about the progressive loss of abilities) and tools to
deal with the severe behavior problems should be incorporated.

Parents have to deal with a lot of organizations and healthcare professionals
related to the care of their child, including medical day-cares, special education or
residential nursing homes and the related financial issues. Given the fragmentation
of health care services, it is often extremely complex for parents to unravel which
paths they need to follow in order to receive appropriate support for themselves
and their child. More insight in the practical and logistical difficulties they encounter
would be helpful in order to establish clear pathways for families where and to whom
they can apply for appropriate support. Our expertise center serving as the starting
point for this journey and helping parents to find the best routes (largely by pointing
them towards local services) will alleviate this specific source of distress for families.
When families are referred to local health services from the diagnostic setting, clear
communication and multidisciplinary collaboration is crucial. As MPS Il is extremely
rare, health care professionals in local health services are sometimes unfamiliar
with the disorder and parents consequently feel misunderstood. A pro-active offer
of information and training about MPS 1ll to local healthcare professionals would be
beneficial. The increased use of multi-disciplinary video calls during the COVID-19
pandemic hopefully has paved the way for regularly multidisciplinary and educational
meetings across the country in an efficient way.

In order to understand and treat the behavioral difficulties in MPS Il patients,
multidisciplinary care consisting of pediatricians, intellectual disability physicians
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and behavioral specialists is crucial. Moreover, it is needed to incorporate the
expertise from child and adolescent psychiatrists in this multidisciplinary care. A
project initiated by the Amsterdam University Medical Centers, and in co-creation
with parents and local health specialists (shared care), is launched to integrate
syndrome specific and behavioral scientific expertise into tailored care for (young)
patients with syndromes and behavioral problems.

Another approach to support ‘potential, future parents’ is to offer them preconception
ECS. Preconception ECS enables future parents to prepare for or to prevent the birth of
an affected child by facilitating reproductive choices (Figure 1).

Part Il: Preconception expanded carrier screening

The introduction of preconception ECS for severe, currently untreatable, genetic disorders
(including MPS 111) allows prospective parents to determine if they have an increased
risk of having affected offspring. If identified as at risk couples they can consider a
range of reproductive choices. For instance, parents may opt for in vitro fertilization (IVF)
with preimplantation genetic testing (PGT), prenatal diagnostics followed by a possible
termination of the pregnancy, or they can use the information to prepare for an affected
child*2. These reproductive options may prevent future suffering for a child and its family.
Preconception ECS is a topic of public debate as its implementation is accompanied by
various ethical issues. Involving family perspectives in the debate about implementation
of ECS is important, as we expect that experiential knowledge of families may shed light
on different issues compared to the general population.

Main findings

We first assessed the attitudes of the general Dutch public towards preconception ECS in
Chapter 5, showing considerably positive attitudes. Thirty-one percent of the participants
indicate that they would take an ECS test. Participants with religious beliefs were less
likely to participate in ECS, whereas participants considering a future pregnancy were
more likely to participate in ECS. Chapter 6 highlights that parents and other family
members (siblings, uncles/aunts and grandparents) of MPS Il patients are significantly
more in favor of preconception ECS (respectively 84% and 62.5% indicated that they
would take an ECS test) and have a better genetic knowledge compared to the general
public. To assess the underlying considerations found in these questionnaire studies,
we conducted a focus group study with families of MPS |l patients and the general
public in Chapter 7. Important barriers for ECS are identified, including a lack of
awareness and understanding, as well as the substantial out-of-pocket costs of testing.
The concept of autosomal recessive inheritance and ECS was difficult to understand for
people, especially for individuals from the general public. As a lack of awareness and
genetic knowledge may jeopardize informed decision making in prospective parents,
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we developed an educational video in Chapter 8. We demonstrate that participants
who were offered an educational video (presenting information on autosomal recessive
inheritance, the ECS test offer, and MPS lll), have a better genetic knowledge and are
more in favor for ECS compared to those who were offered only text.

Reflection on the main findings

Interest in the general population

The second part of this thesis shows an overall positive view of the general Dutch public
towards the offer of preconception ECS. Other studies in Sweden, the USA, Australia,
Belgium and the Netherlands also demonstrated a considerable interest in ECS among
the general public (32-76%)%3-4°. Although most people seem positive about the offer of
preconception ECS, actual uptake rates are strikingly lower (8-50%)**. Previous studies
showed that the main reasons for declining an actual test offer are a lack of a positive
family history, low perceived risk of being a carrier couple, a lack of time, and because the
results would not influence reproductive behavior®®-%2, Our studies also underscore that
a lack of relevance due to the absence of a genetic disease in the family is an important
barrier for intended participation in ECS.

Experiential knowledge impacts perspectives on ECS

Families of MPS Il patients are significantly more in favor for ECS implementation
compared to the general population. This confirms our hypothesis that experiential
knowledge on the disorders included in ECS panels influences the value people place
on ECS. This highly favorable view in families of MPS IlI patients is in accordance with the
perspectives of families of spinal muscular atrophy patients® %4, We show that prevention
of suffering for the future child is one of the most frequently mentioned argument in favor
for ECS. Indeed, families of MPS III patients more often would consider IVF with embryo
selection, prenatal diagnosis or termination of a pregnancy. This is in contrast to recent
research on the views of adults with hemophilia and their families, showing that this
population is more supportive of screening for information and preparation aims instead
of preventing the birth of a child with this disorder®s. This could be explained by the fact
that hemophilia has become a disorder that is largely treatable. Thus, reasons to opt for
ECS and reproductive choices are likely influenced by the severity and treatment options
of the included disorders.

Ethical, practical and social considerations

Implementation of ECS is accompanied by various ethical, practical and (psycho)social
issues for individuals, families and society®® *’. Based on the findings in our studies, we
will highlight some of these issues in the following paragraphs.

First, the ECS panels currently offered in the Netherlands generally comprise early-
onset disorders characterized by severe mental and/or motor retardation, suffering for the
child and/or an early demise**®¢. How many of the >1000 known autosomal recessive or
X-linked conditions should be included in ECS panels is an important subject of debate
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that should involve all stakeholders. Although severity is generally the key consideration
in the initial design of ECS panels®®8°, a large heterogeneity of included diseases exists
across available panels®'. The expansion of ECS panels with large numbers of disorders
varying in severity raises ethical concerns and makes it harder to provide adequate
pre- en post counseling to prospective parents. Moreover, interpretation of the genetic
variants will become increasingly difficult as many disorders are characterized by a broad
phenotypic spectrum, which is even the case for MPS 1112, Families of MPS Ill patients as
well as the general public indicated to prefer ECS panels including severe, untreatable
childhood onset disorders. Families of MPS Il patients less often considered disorders
as severe enough to include in ECS panels compared to the general public. Clear and
solid criteria regarding the definition ‘severity’ should be discussed and established by
ECS providers and other relevant stakeholders to safeguard against an extension of ECS
panels that is mainly technology driven.

The expansion of ECS panels and the varying severity of diseases included in
these panels makes it challenging to provide understandable and clear information to
prospective parents about ECS and the disorders screened for. On top of that, we found
in our studies that the concept of autosomal recessive inheritance and the purpose of
ECS was difficult to understand. The low levels of genetic knowledge and knowledge on
genetic disorders in the target population raises the concern if an informed decision on
ECS is feasible*®%°. Uniform en coherent ECS panels, as well as the concept of generic
consent have been proposed in the literature to ensure informed decision making*? 2.
Recent studies indicate that the majority of couples that participated in the ECS test
offer of the Amsterdam University Medical Centers and the University Medical Center
in Groningen made an informed choice® . The offer of understandable information
about ECS and the type of disorders included in ECS panels is crucial to reduce
misconceptions. Referring all potential users for extensive pre-test counseling to a
healthcare professional may be too time-consuming in the current health care system?®®.
Educational tools and/or apps, such as the educational video assessed in this thesis,
may support the genetic counseling process.

A final issue that deserves attention are the out-of-pocket costs of ECS testing.
Currently, prospective parents opting for ECS in the Amsterdam University Medical
Centers without an increased a priori risk for a genetic disease have to pay ~650 Euro for
the test, whereas only 3% of the potential users assessed are willing to pay that price. A
recent study on couples’ experiences with the offer of the Amsterdam University Medical
Centers shows that 49.6% of the couples consider the costs of the test too high®. We
believe that the current costs might lead to unequal access by excluding participation
of people with a lower socio-economic status, a concern that is also shared by various
stakeholders®”. A government funded ECS program or reimbursement by health care
insurances is warranted to overcome unequal access to screening services.
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Practice implications

Heading to a government funded ECS program?

The offer of preconception ECS seems to fit well in the current society in which
people are increasingly seeking for information about one’s health and one’s genetic
constitution. The landscape of preconception screening is still evolving and conclusive
remarks about the best way to offer ECS in regular healthcare have not yet been made.
Currently, a clear preconception healthcare structure which can be embedded in a
government funded or reimbursed screening offer is lacking®. Participants from the
general Dutch population indicate that preconception ECS should best be offered via
the general practitioner (GP). In line with this preference, research in the northern part of
the Netherlands indicates that an ECS test offer through trained GPs meets the criteria
for responsible ECS implementation®® . Pre-test counseling of couples might fit well in
routine preconception care consultations provided in primary care. However, couples
in the Netherlands seldom request preconception care consultations and visit their GP
or midwife relatively late in pregnancy, as preconception care is still delivered on a
small scale and couples considering a pregnancy are not aware yet of its importance®.
Preconception care is considered an essential part of care to promote and improve the
health of mother and the future child by The Health Council of the Netherlands in 20077,
and efforts to embed preconception care in the Netherlands has increased during the
last years (https://www.zonmw.nl/nl/onderzoek-resultaten/preventie/zwangerschap-en-
geboorte/preconceptiezorg/). Given the additional time associated with embedding
ECS in routine preconception care consultations, trained healthcare professionals other
than GP’s (e.g., nurse practitioners or midwives) may also play a pivotal role in the pre-
counseling process. Moreover, appropriate reimbursement by health insurances should
be provided in this scenario.

Implementation of ECS requires increased knowledge and awareness in both
professionals and the general population. Campaigns should match the living world
of young individuals and couples, for example by using social media platforms such
as Facebook, Instagram, and Youtube. As these are the platforms used nowadays
for information seeking youth, standard banners and commercials on channels such
as television and newspapers will probably not serve. Furthermore, the purpose of
screening and the estimated risk about being a carrier should be clearly defined for
the target population. The primary stated purpose of ECS is to enhance reproductive
autonomous decision-making in prospective parents*?. The concept of prevention is
mostly avoided in the context of ECS as this might lead to ethical concerns, including
a discriminatory attitude towards people living with that specific condition or a fear for
eugenics’" 2. However, in the context of MPS |ll, our research suggests that reducing the
prevalence of this disorder might be a well-accepted explicit aim when ECS is offered in
the preconception period, at least according to people with experiential knowledge on
the disorder; the families. Naturally, information should always be framed and provided
in a non-directive manner and participation should be voluntary. Although concerns
about stigmatization and a discriminative attitude to disabled children were not raised
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by families in our study, one should be aware that this concern may be present in other,
less severe disease groups. Shaming of parents who do not participate in ECS and give
birth to a child with one of the included disorders in ECS panels should be avoided at
all costs and reimbursement of the care for children affected with one of the disorders
included in ECS panels must be guaranteed.

Future perspectives

In conclusion, the second part of this thesis provides information about the views of
families of MPS Il patients and the general public which will enrich the ongoing debate
about implementation of ECS in the Netherlands. It is evident that there are still many
questions that needs to be answered when implementing ECS on a larger scale in regular
healthcare. The following recommendations for future studies can be formulated:

1. The current thesis only focuses on the perspectives of families of MPS Il patients.
MPS 1ll is an extremely severe, neurodegenerative disorder that puts a major strain
on families. The perspectives on ECS implementation may be different for families of
children with relatively milder genetic disorders. Although similar studies have been
carried out for cystic fibrosis and spinal muscular dystrophy, future studies should
include the perspectives of patients and families among more of the various genetic
disorders included in the currently available ECS panels.

2. A nationwide, large-scale pilot study, offering ECS to all interested and randomly
selected individuals in the reproductive age, could provide valuable insight in the
actual demand and desirability of ECS implementation. Such large-scale offers
are recently initiated in Australia (Mackenzie’s mission) and Belgium. Moreover, the
willingness, abilities and educational needs of health care professionals involved in
preconception care consultations should be further explored.

3. Studies on the development of clear, modern educational tools and/or apps to
provide clear, understandable information for health-care professionals as well
as couples considering a pregnancy could be helpful to increase awareness and
reduce the burden of time and costs associated with the genetic counseling process.

4. Since the non-commercial offer of preconception ECS has only been introduced
in 2016 on a small scale, little is known about the psychological consequences
for couples receiving a positive test result. Future studies on the psychological
consequences, and if necessary, appropriate post-counseling psychological support
should be initiated.

186



General discussion

REFERENCES

10.

1.

12.

13.

14,

15.

Pinquart M. Featured Article: Depressive Symptoms in Parents of Children With Chronic Health
Conditions: A Meta-Analysis. Journal of Pediatric Psychology. 2018;44(2):139-49.

Marchal JP, van Oers HA, Maurice-Stam H, Grootenhuis MA, van Trotsenburg AP, Haverman
L. Distress and everyday problems in Dutch mothers and fathers of young adolescents with
Down syndrome. Research in developmental disabilities. 2017;67:19-27.

Van Oers HA, Haverman L, Olieman JF, Neelis EG, Jonkers-Schuitema CF, Grootenhuis MA,
et al. Health-related quality of life, anxiety, depression and distress of mothers and fathers of
children on Home parenteral nutrition. Clinical Nutrition. 2019;38(4):1905-12.

Diederen K, Haverman L, Grootenhuis MA, Benninga MA, Kindermann A. Parental distress
and quality of life in pediatric inflammatory bowel disease: implications for the outpatient clinic.
Journal of pediatric gastroenterology and nutrition. 2018;66(4):630-6.

Porter KA, O’'Neill C, Drake E, Parker S, Escolar ML, Montgomery S, et al. Parent Experiences
of Sanfilippo Syndrome Impact and Unmet Treatment Needs: A Qualitative Assessment. Neurol
Ther. 2020;10(1):197-212.

Grant N. Evaluating strategies to manage and endure challenging behaviors in
mucopolysaccharidoses. Orphanet Journal of Rare Diseases. 2021;16(1):165.

Hoffmann F, Hoffmann S, Kunzmann K, Ries M. Challenging behavior in mucopolysaccharidoses
types I-lll and day-to-day coping strategies: a cross sectional explorative study. Orphanet J
Rare Dis. 2020;15(1):275.

Pinquart M. Posttraumatic Stress Symptoms and Disorders in Parents of Children and
Adolescents With Chronic Physical llinesses: A Meta-Analysis. J Trauma Stress. 2019;32(1):88-
96.

Stuber ML, Shemesh E. Post-traumatic stress response to life-threatening illnesses in children
and their parents. Child Adolesc Psychiatr Clin N Am. 2006;15(3):597-609.

Corsi M, Orsini A, Pedrinelli V, Santangelo A, Bertelloni CA, Carli N, et al. PTSD in parents
of children with severe diseases: a systematic review to face Covid-19 impact. Ital J Pediatr.
2021;47(1):8.

Yagiela LM, Carlton EF, Meert KL, Odetola FO, Cousino MK. Parent medical traumatic stress
and associated family outcomes after pediatric critical illness: a systematic review. Pediatric
Critical Care Medicine. 2019;20(8):759-68.

Bronner MB, Knoester H, Bos AP, Last BF, Grootenhuis MA. Follow-up after paediatric intensive
care treatment: parental posttraumatic stress. Acta paediatrica. 2008;97(2):181-6.

Phipps S, Long A, Willard VW, Okado Y, Hudson M, Huang Q, et al. Parents of Children With
Cancer: At-Risk or Resilient? Journal of Pediatric Psychology. 2015;40(9):914-25.

Price J, Kassam-Adams N, Alderfer MA, Christofferson J, Kazak AE. Systematic Review: A
Reevaluation and Update of the Integrative (Trajectory) Model of Pediatric Medical Traumatic
Stress. Journal of Pediatric Psychology. 2015;41(1):86-97.

Cohen JA, Mannarino AP, Murray LK. Trauma-focused CBT for youth who experience ongoing
traumas. Child Abuse Negl. 2011;35(8):637-46.

187



Chapter 9

20.

21.
22.

23.

24.

25.

26.

27.

28.
29.

30.

31

188

. Capezzani L, Ostacoli L, Cavallo M, Carletto S, Fernandez |, Solomon R, et al. EMDR and CBT

for cancer patients: Comparative study of effects on PTSD, anxiety, and depression. Journal
of EMDR Practice and Research. 2013;7(3):134-43.

. Carletto S, Borghi M, Bertino G, Oliva F, Cavallo M, Hofmann A, et al. Treating Post-traumatic

Stress Disorder in Patients with Multiple Sclerosis: A Randomized Controlled Trial Comparing
the Efficacy of Eye Movement Desensitization and Reprocessing and Relaxation Therapy.
Frontiers in Psychology. 2016;7(526).

. Lambert JE, Holzer J, Hasbun A. Association between parents’ PTSD severity and children’s

psychological distress: A meta-analysis. Journal of traumatic stress. 2014;27(1):9-17.

. Christie H, Hamilton-Giachritsis C, Alves-Costa F, Tomlinson M, Halligan SL. The impact of

parental posttraumatic stress disorder on parenting: A systematic review. European Journal of
Psychotraumatology. 2019;10(1):1550345.

Lovejoy MC, Graczyk PA, O’'Hare E, Neuman G. Maternal depression and parenting behavior:
a meta-analytic review. Clin Psychol Rev. 2000;20(5):561-92.

Grant N. Sibling and family caregivers. BMJ. 2018;362.

Arnold CK, Heller T, Kramer J. Support needs of siblings of people with developmental
disabilities. Intellectual and developmental disabilities. 2012;50(5):373-82.

Knecht C, Hellmers C, Metzing S. The Perspective of Siblings of Children With Chronic lliness:
A Literature Review. Journal of Pediatric Nursing. 2015;30(1):102-16.

Flury M, Orellana-Rios CL, Bergstrasser E, Becker G. “This is the worst that has happened to
me in 86 years”: A qualitative study of the experiences of grandparents losing a grandchild
due to a neurological or oncological disease. Journal for Specialists in Pediatric Nursing.
2021;26(1):e12311.

Kazak AE. Pediatric Psychosocial Preventative Health Model (PPPHM): Research, practice, and
collaboration in pediatric family systems medicine. Families, Systems, & Health. 2006;24(4):381.

Kazak AE, Rourke MT, Crump TA. Families and Other Systems in Pediatric Psychology.
Handbook of pediatric psychology, 3rd ed. New York, NY, US: The Guilford Press; 2003. p.
159-75.

Fontanesi L, Marchetti D, Mazza C, Di Giandomenico S, Roma P, Verrocchio MC. The effect of
the COVID-19 lockdown on parents: A call to adopt urgent measures. Psychological Trauma:
Theory, Research, Practice, and Policy. 2020;12(S1):S79.

Het Ouderkompas. 2017.

Alsem MW, van Meeteren KM, Verhoef M, Schmitz MJWM, Jongmans MJ, Meily-Visser JMA,
et al. Co-creation of a digital tool for the empowerment of parents of children with physical
disabilities. Research Involvement and Engagement. 2017;3(1):26.

Schadewald A, Kimball E, Ou L. Coping strategies, stress, and support needs in caregivers of
children with mucopolysaccharidosis. JIMD Reports. 2018;42:89-97.

Haverman L, van Oers HA, Limperg PF, Hijmans CT, Schepers SA, Nicolaas S, et al.
Implementation of electronic patient reported outcomes in pediatric daily clinical practice:
The KLIK experience. Clinical Practice in Pediatric Psychology. 2014;2(1):50.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

General discussion

Haverman L, van Oers HA, Limperg PF, Houtzager BA, Huisman J, Darlington A-S, et al.
Development and validation of the distress thermometer for parents of a chronically ill child.
2013;163(4):1140-6. e2.

Boeschoten M, Bakker A, Jongedijk R, Van Minnen A, Elzinga B, Rademaker A, et al. Clinician
administered PTSD scale for DSM-5-Dutch version. 2014.

Joosten MMH, Maurice-Stam H, Scholten L, Grootenhuis MA. Hearing siblings’ voices: exploring
the (online) support needs of siblings of children with a chronic condition. Journal of patient-
reported outcomes. 2019;3(1):11.

Douma M, Bouman CP, van Oers HA, Maurice-Stam H, Haverman L, Grootenhuis MA, et al.
Matching psychosocial support needs of parents of a child with a chronic illness to a feasible
intervention. Matern Child Health J. 2020;24(10):1238-47.

Douma M, Maurice-Stam H, Gorter B, Krol Y, Verkleij M, Wiltink L, et al. Online psychosocial
group intervention for parents: Positive effects on anxiety and depression. Journal of Pediatric
Psychology. 2021;46(2):123-34.

Muscara F, McCarthy MC, Rayner M, Nicholson JM, Dimovski A, McMillan L, et al. Effect of a
Videoconference-Based Online Group Intervention for Traumatic Stress in Parents of Children
With Life-threatening lliness: A Randomized Clinical Trial. JAMA Netw Open. 2020;3(7):e208507.

Law E, Fisher E, Eccleston C, Palermo TM. Psychological interventions for parents of children
and adolescents with chronic iliness. Cochrane Database of Systematic Reviews. 2019.

Cloitre M, Courtois C, Ford J, Green B, Alexander P, Briere J, et al. The ISTSS expert consensus
treatment guidelines for complex PTSD in adults. 2012.

Bisson JI, Roberts NP, Andrew M, Cooper R, Lewis C. Psychological therapies for chronic
post-traumatic stress disorder (PTSD) in adults. Cochrane Database Syst Rev. 2013.

Nijdam MJ, Gersons BP, Reitsma JB, de Jongh A, Olff M. Brief eclectic psychotherapy v.
eye movement desensitisation and reprocessing therapy for post-traumatic stress disorder:
randomised controlled trial. Br J Psychiatry. 2012;200(3):224-31.

Henneman L, Borry P, Chokoshvili D, Cornel MC, van El CG, Forzano F, et al. Responsible
implementation of expanded carrier screening. Eur J Hum Genet. 2016;24(6):e1-e12.

Plantinga M, Birnie E, Abbott KM, Sinke RJ, Lucassen AM, Schuurmans J, et al. Population-
based preconception carrier screening: how potential users from the general population view
a test for 50 serious diseases. Eur J Hum Genet. 2016;24(10):1417-23.

Van Steijvoort E, Chokoshvili D, J WC, Peeters H, Peeraer K, Matthijs G, et al. Interest in
expanded carrier screening among individuals and couples in the general population:
systematic review of the literature. Hum Reprod Update. 2020;26(3):335-355.

Ong R, Howting D, Rea A, Christian H, Charman P, Molster C, et al. Measuring the impact
of genetic knowledge on intentions and attitudes of the community towards expanded
preconception carrier screening. J Med Genet. 2018;55(11):744-52.

Chokoshvili D, Belmans C, Poncelet R, Sanders S, Vaes D, Vears D, et al. Public Views on
Genetics and Genetic Testing: A Survey of the General Public in Belgium. Genet Test Mol
Biomarkers. 2017;21(3):195-201.

Ekstrand Ragnar M, Tydén T, Kihlbom U, Larsson M. Swedish parents’ interest in preconception
genetic carrier screening. Ups J Med Sci. 2016;121(4):289-94.

189



Chapter 9

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

190

Briggs A, Nouri P, Galloway M, Yaklic JL, Maxwell R, Lindheim S. Patients’ Awareness and
Attitudes Towards Genetic Carrier Screening. Obstetrics & Gynecology. 2017;129(5):88S.

Steijvoort EV, Devolder H, Geysen |, Epperzeel SV, Peeters H, Peeraer K, et al. Expanded
carrier screening in Flanders (Belgium): an online survey on the perspectives of nonpregnant
reproductive-aged women. Personalized medicine. 2021(0).

Gilmore MJ, Schneider J, Davis JV, Kauffman TL, Leo MC, Bergen K, et al. Reasons for
Declining Preconception Expanded Carrier Screening Using Genome Sequencing. J Genet
Couns. 2017;26(5):971-9.

Propst L, Connor G, Hinton M, Poorvu T, Dungan J. Pregnant Women'’s Perspectives on
Expanded Carrier Screening. J Genet Couns. 2018;27(5):1148-56.

Schuurmans J, Birnie E, Ranchor AV, Abbott KM, Fenwick A, Lucassen A, et al. GP-provided
couple-based expanded preconception carrier screening in the Dutch general population: who
accepts the test-offer and why? European Journal of Human Genetics. 2020;28(2):182-92.

Boardman FK, Young PJ, Griffiths FE. Population screening for spinal muscular atrophy: A mixed
methods study of the views of affected families. Am J Med Genet A. 2017;173(2):421-34.

Boardman FK, Young PJ, Warren O, Griffiths FE. The role of experiential knowledge within
attitudes towards genetic carrier screening: A comparison of people with and without experience
of spinal muscular atrophy. Health Expect. 2018;21(1):201-11.

Boardman FK, Hale R, Gohel R, Young PJ. Preventing lives affected by hemophilia: A mixed
methods study of the views of adults with hemophilia and their families toward genetic screening.
Mol Genet Genomic Med. 2019:e618.

Kihlbom U. Ethical issues in preconception genetic carrier screening. Ups J Med Sci.
2016;121(4):295-8.

De Wert GM, Dondorp WJ, Knoppers BM. Preconception care and genetic risk: ethical issues.
J Community Genet. 2012;3(3):221-8.

Nijmeijer SCM, Conijn T, Lakeman P, Henneman L, Wijburg FA, Haverman L. Attitudes of the
general population towards preconception expanded carrier screening for autosomal recessive
disorders including inborn errors of metabolism. Mol Genet Metab. 2019;126(1):14-22.

Kirk EP, Ong R, Boggs K, Hardy T, Righetti S, Kamien B, et al. Gene selection for the Australian
Reproductive Genetic Carrier Screening Project (“Mackenzie’s Mission”). European Journal of
Human Genetics. 2020;29(1):79-87.

Lazarin GA, Hawthorne F, Collins NS, Platt EA, Evans EA, Haque IS. Systematic Classification
of Disease Severity for Evaluation of Expanded Carrier Screening Panels. PLoS One.
2014;9(12):114391.

Chokoshvili D, Vears D, Borry P. Expanded carrier screening for monogenic disorders: where
are we now? Prenat Diagn. 2018;38(1):59-66.

Nijmeijer SCM, van den Born LI, Kievit AJA, Stepien KM, Langendonk J, Marchal JP, et al.
The attenuated end of the phenotypic spectrum in MPS llI: from late-onset stable cognitive
impairment to a non-neuronopathic phenotype. Orphanet Journal of Rare Diseases.
2019;14(1):249.

Elias S, Annas GJ. Generic consent for genetic screening. N Engl J Med. 1994;330(22):1611-3.



64.

65.

66.

67.

68.

69.

70.
71.

72.

General discussion

van Dijke |, Lakeman P, Sabiri N, Rusticus H, Ottenheim CPE, Mathijssen IB, et al. Couples’
experiences with expanded carrier screening: evaluation of a university hospital screening
offer. Eur J Hum Genet. 2021:1-7.

Schuurmans J, Birnie E, van den Heuvel LM, Plantinga M, Lucassen A, van der Kolk DM, et al.
Feasibility of couple-based expanded carrier screening offered by general practitioners. Eur
J Hum Genet. 2019;27(5):691-700.

Lynch FL, Himes P, Gilmore MJ, Morris EM, Schneider JL, Kauffman TL, et al. Time Costs for
Genetic Counseling in Preconception Carrier Screening with Genome Sequencing. J Genet
Couns. 2018;27(4):823-33.

Holtkamp KC, Vos EM, Rigter T, Lakeman P, Henneman L, Cornel MC. Stakeholder perspectives
on the implementation of genetic carrier screening in a changing landscape. BMC Health Serv
Res. 2017;17(1):146.

Temel S, van Voorst SF, de Jong-Potjer LC, Waelput AJM, Cornel MC, de Weerd SR, et al.
The Dutch national summit on preconception care: a summary of definitions, evidence and
recommendations. Journal of Community Genetics. 2015;6(1):107-15.

Birnie E, Schuurmans J, Plantinga M, Abbott KM, Fenwick A, Lucassen A, et al. Couple-based
expanded carrier screening provided by general practitioners to couples in the Dutch general
population: psychological outcomes and reproductive intentions. Genetics in Medicine. 2021:1-
8.

Health Council of the Netherlands. Preconception care: a good beginning. 2007.

Parens E, Asch A. Disability rights critique of prenatal genetic testing: reflections and
recommendations. Mental retardation and developmental disabilities research reviews.
2003;9(1):40-7.

van der Hout S, Dondorp W, de Wert G. The aims of expanded universal carrier screening:
Autonomy, prevention, and responsible parenthood. Bioethics. 2019;33(5):568-76.

191






Addendum

Summary

Summary in Dutch — Nederlandse samenvatting
List of publications

List of contributing authors

PhD portfolio

Curriculum vitae

Dankwoord



Summary

SUMMARY

In the Netherlands, every two days a child with an inherited metabolic disorder is born.
Although they are individually rare, inherited metabolic disorders are among the top 3
causes of infant mortality. An illustration of a rare, inherited and life-limiting metabolic
disorder is mucopolysaccharidosis type Il (MPS Il or Sanfilippo syndrome). MPS Il is
an autosomal recessive lysosomal storage disorder caused by a defect of an enzyme
involved in the degradation of heparan sulfate, resulting in accumulation of heparan
sulfate in cells, tissues and organs. As the central nervous system is most vulnerable to
this accumulation, the disease is primarily characterized by a progressive neurocognitive
deterioration, ultimately leading to motor retardation, loss of the ability to speak and
dementia. Severe behavior problems (e.g., hyperactivity, recklessness) and sleeping
problems (e.g., reversal of normal sleep pattern) are common in children with MPS
[Il. Children usually demise around the age of 20. Although promising treatments are
under investigation, a disease modifying treatment is currently still lacking. Recently,
preconception expanded carrier screening (ECS) panels have become available in the
Netherlands for 50-70 severe, childhood-onset autosomal recessive disorders, including
MPS 111.

The main goal of this thesis is to increase our knowledge on the impact of MPS IlI
on families. The first part of this thesis focuses on parental psychosocial functioning and
the effectiveness of a psychosocial treatment for parents. The experiential knowledge
of families (i.e., knowledge about the impact of the disorder) may shape their views on
ECS. Therefore, the second part focuses on the perspectives of families compared to
the general public towards the offer of preconception ECS, and furthermore reports the
effect of an educational video (vs. text only) on genetic knowledge and attitudes towards
ECS in the general public.

In Chapter 1, the general introduction, the pathophysiology and clinical course
of MPS lll, and the context of the research included in the first and second part of this
thesis are described.

Part I: Parental psychosocial functioning and treatment

The progressive and grim course of MPS IIl as described above may have a major impact
on the psychosocial functioning of families, in particular on parents. Chapter 2 describes
a study assessing the psychosocial functioning in parents of MPS Il parents using
patient reported outcomes measurements (PROMs). Levels of anxiety and depression
(Hospital Anxiety and Depression Scale), distress (Distress Thermometer for Parents) and
posttraumatic stress (Self-Rating Scale for PTSD) were assessed in fathers (N = 19) and
mothers (N = 34) and compared with the levels in parents of healthy children. Outcomes
demonstrate that mothers more often meet the criteria for clinically relevant anxiety (50%)
compared to reference mothers. Moreover, both mothers and fathers more often meet the
criteria for clinically relevant depression (respectively 34.6% and 36.8%). Mothers and
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fathers show high levels of clinical distress (respectively 84.6% and 68.4%) and report
many more everyday problems compared to reference parents. Strikingly, 26.9% of the
mothers and 15% of the fathers meet the criteria for posttraumatic stress disorder (PTSD),
compared to 7.4% in the general population. These outcomes reflects the impact of MPS
lll on parental functioning, and stresses the importance of effective trauma treatment
for parents. Effective treatment will be beneficial for both parents and the child, as the
psychosocial wellbeing of parents influences the psychosocial- and physical health of
the child. Treatment of parental PTSD in pediatric practice is, however, not yet common,
possibly because trauma treatment is less often considered when parents experiencing
ongoing trauma. Moreover, parents often have limited time to receive psychological
treatment because they are overburdened by the extensive care for their child and they
live far away from the expertise center for MPS 1.

Chapter 3 presents a case study in which two parents of MPS Il patients (different
families) were offered a time-limited eye movement and desensitization reprocessing
(EMDR) treatment. Traumatic memories (e.g., communication of the diagnosis, attending
the funeral of another patient) and catastrophic representations about the future (flash
forwards; e.g., sudden death of the child, the child in a vegetative state requiring palliative
care) were identified and treated. Parents showed a clinically significant decline in
posttraumatic stress symptoms (Impact of Event Scale-Revised) and psychological
comorbid symptoms (Brief Symptom Inventory) after four sessions EMDR over two days.

Following these positive results, we conducted a randomized clinical trial (Chapter 4)
to validate the feasibility and effectiveness of this approach in reducing severity of
PTSD symptoms (PTSD Checklist for DSM-5), comorbid psychological symptoms (Brief
Symptom Inventory), distress (Distress Thermometer for Parents) and parenting stress
(Parenting Stress Questionnaire). Parents were allocated to EMDR (N = 7) or a wait-list
control condition of six weeks, followed by EMDR (N = 7). Compared to wait-list, we
show that EMDR results in a significant reduction of PTSD symptom severity, comorbid
psychological symptoms, distress and parenting stress 2-weeks post-treatment with
medium to large effect sizes. Within-group analyses of all participants (EMDR, N = 14)
shows that the positive effects of EMDR is maintained at 3-months follow-up. These
results indicate that a short course of EMDR should be part of standard care for parents
experiencing ongoing trauma related to the progressive, life-limiting disorder of their child.

Another approach to support ‘potential future parents’ is to offer preconception ECS.
Preconception ECS enables prospective parents to prepare for or to prevent the birth of
an affected child by providing them reproductive choices (e.g., in vitro fertilization (IVF)
with embryo selection, use of donor gametes).

Part Il: Preconception expanded carrier screening

Due to the autosomal recessive inheritance pattern of MPS IlII, usually no one in the
family is affected with the disorder and the birth of an affected child is highly unexpected.
Preconception ECS aims to identify carrier couples (facing a 1 in 4 risk for affected
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offspring) in order to enhance autonomous reproductive decision making. However,
ECS is also associated with various ethical and practical concerns and families and the
general population may differ in the value they place on ECS.

Chapter 5 presents the attitudes of the general Dutch population towards
preconception ECS and which factors influences these attitudes. Individuals in the
reproductive age (N = 781) were offered an online questionnaire which started with a
written explanation of autosomal recessive inheritance, the ECS test offer and MPS IIl as
an illustrative disorder in ECS panels. In general, positive attitudes are found and 31% of
the participants indicate that they would take an ECS test themselves. Religious beliefs
are negatively associated with intended participation in ECS, while considering a future
pregnancy is positively associated with intended ECS participation. The absence of a
family history for a genetic disorder is most often mentioned as a reason against ECS
participation.

Chapter 6 shows that parents (N = 58) and other family members (siblings, aunts/
uncles, grandparents, N = 101) of MPS Il patients, who were offered the same ECS
questionnaire, have a better genetic knowledge and are significantly more in favor for
ECS than the general population. We show that 84% of the parents and 62.5% of other
family members indicate that they would take an ECS test. Relatives of MPS IlI patients
more often believe that ECS is ethically acceptable, that ECS prevents suffering for
future parents, and would more often consider IVF with embryo selection and prenatal
diagnostics.

Chapter 7 presents the outcomes of a focus group study in which the views of
families of MPS Il patients and the general population were further studied. We identified
five evident themes, including (1) benefits of ECS, (2) barriers to opt for ECS, (3) disclosure
of test results; offering a choice, (4) severity as key criterion for ECS panels, and (5)
support for ECS. Both groups, especially families, support the offer of preconception ECS
for severe, childhood-onset, life-limiting disorders. Important barriers identified are a lack
of genetic knowledge, awareness, perceived relevance of ECS, and the out-of-pocket
costs of testing. The concept of ECS was difficult to understand, especially for individuals
from the general public. As a lack of awareness and knowledge may jeopardize informed
decision making, educating prospective parents about ECS and the disorders included
in ECS panels is warranted.

In Chapter 8, we therefore investigated the effect of an educational video
(presenting information on autosomal recessive inheritance, the ECS test offer, and MPS
[I), compared to an educational text, on the knowledge and perspectives towards ECS
in the general public. Individuals in the reproductive age (N = 789) were offered the
educational video prior to completing the online ECS questionnaire. Outcomes were
compared to reference data from Chapter 5, in which participants received a written
educational text prior the same online questionnaire. We show that participants who
were offered the video report a better genetic knowledge, perceive the disorder MPS
[l as more severe, perceive their risk of being a carrier as higher, and are more in favor
for ECS. As ECS is generally offered to prospective parents with a limited knowledge on
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genetics and the disorders included in ECS panels, online video should be considered
as supportive tool to the pre-test genetic counseling process.

This thesis ends with Chapter 9, including a reflection on the main findings in light
of existing literature, and the clinical- and practice implications of the main findings. In
addition, future directions for research are suggested.

In conclusion, the outcomes of the studies reported in part | show that both mothers
and fathers of MPS IIl patients are at risk for an impaired psychosocial functioning and
therefore a family inclusive approach in the psychosocial care for MPS Il patients is
essential. Psychosocial support and interventions should be offered based on the different
levels and needs of families, including psycho-education and structural screening and
monitoring, targeted interventions (e.g., interventions that meet the specific needs of
parents dealing with a life-limiting disorder), individual practical- and emotional support,
and individual evidence based interventions offered by health psychologists.

The outcomes of the studies reported in part || demonstrate an overall support
for the offer of preconception ECS in the Netherlands, especially in families of MPS I
patients. The road to a government funded or reimbursed by health insurance nation-wide
ECS offer is complex and requires extensive assessment of various ethical, practical, and
psychosocial issues involved in the offer of ECS. Studies on a nation-wide pilot, offering
ECS to all interested and randomly selected individuals in the reproductive age group,
in combination with efforts to increase awareness and knowledge in the general public,
might be the next step. Patients and families familiar with the disorders included in ECS
panels should be included in future studies and policy making.

Key messages

Part |

e Mothers and fathers of MPS Il patients report more psychosocial problems (anxiety,
depression, distress and posttraumatic stress) compared to parents of healthy
children.

e An effective, time-limited trauma treatment is needed for parents that are overburdened
and experiencing ongoing trauma related to the progressive, life-limiting illness of
their child.

e EMDR is a feasible, effective treatment for parents of MPS Il patients in reducing
PTSD symptom severity, comorbid psychological symptoms, distress and parenting
stress when given in a relatively short period of time and should be part of standard
care in pediatric practice.

e A family inclusive approach (including parents, siblings and other family members
involved with the child) is essential in the care for MPS Ill patients.

Part 11

e Families of MPS Il patients are more in favor for implementation of preconception
ECS compared to the general Dutch population.
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A lack of genetic knowledge, awareness and personal relevance in the general public
are important barriers to opt for ECS.

Education of prospective parents about the availability, rationale and the disorders
included in preconception ECS panels is essential to ensure informed decision
making.

Educational videos should be considered as supportive tool in the pre-test genetic
counseling process to inform prospective parents about preconception ECS and to
enhance their genetic knowledge.



Samenvatting

SUMMARY IN DUTCH - NEDERLANDSE SAMENVATTING

Om de dag wordt in Nederland een kind geboren met een ernstige, erfelijke metabole
ziekte (ook wel stofwisselingsziekte genoemd). Ondanks dat metabole ziekten erg
zeldzaam zijn, staan zij in de top 3 van grootste doodsoorzaken onder kinderen in
Nederland. Een voorbeeld van zo’n zeldzame metabole ziekte is mucopolysaccharidose
type Ill (ook wel bekend als MPS |1l of Sanfilippo syndroom). MPS III kent een autosomaal
recessief overervingspatroon, wat betekent dat zowel vader als moeder drager zijn
van de ziekte zonder dat zij hier zelf iets van merken. MPS Il is een zogenaamde
lysosomale stapelingsziekte waarbij een bepaalde stof (heparan sulfaat) niet goed
kan worden afgebroken in de lysosomen van cellen en daardoor opstapelt in cellen,
weefsels en organen. Vooral de hersenen zijn hier gevoelig voor, waardoor dit leidt
tot onomkeerbare, progressieve, cognitieve achteruitgang. De ziekte manifesteert zich
als een ontwikkelingsachterstand rond de kleuterleeftijd. Ernstige gedragsproblemen
(bijv. hyperactief en roekeloos gedrag) en slaapproblemen (bijv. een omgedraaid dag-
nachtritme) komen vaak voor bij kinderen met MPS Ill. De ziekte leidt uiteindelijk tot
verlies van spraak, mobiliteit en dementie. Gemiddeld overlijden deze kinderen rond
twintigjarige leeftijd. Tot op heden is het nog niet mogelijk om de ziekte te genezen.
Sinds kort is het voor toekomstige ouders in Nederland mogelijk om gebruik te maken
van brede preconceptie dragerschapsscreening. Hiermee kunnen toekomstige ouders
al voor de zwangerschap te weten komen of zij drager zijn van 50-70 ernstige erfelijke
ziekten, waaronder MPS Il

Het belangrijkste doel van dit proefschrift is om meer inzicht te verkrijgen in
de impact van MPS Ill op families. Het eerste deel van dit proefschrift focust op het
psychosociaal functioneren van ouders en op de effectiviteit van een psychologische
behandeling voor ouders. De ervaring die families hebben met de impact van MPS Ill op
hun leven en dat van dierbaren beinvlioedt vermoedelijk hun opvatting over het aanbod
van preconceptie dragerschapsscreening. Het tweede deel van dit proefschrift focust
daarom op de opvattingen van ouders en familieleden ten aanzien van preconceptie
dragerschapsscreening en daarin vergelijken we die opvattingen met opvattingen van
mensen uit de algemene Nederlandse bevolking. Daarnaast beschrijven we of de manier
van voorlichting (educatieve video vs. alleen tekst) van invloed is op de basiskennis over
erfelijkheid en genetica en de opvattingen over preconceptie dragerschapsscreening.

Hoofdstuk 1 bestaat uit een algemene inleiding waarin beknopt de pathofysiologie
en het ziekteverloop van MPS Il wordt beschreven. Daarnaast wordt de context geschetst
voor het eerste en tweede deel van dit proefschrift.

Deel I: Psychosociaal functioneren en behandeling van ouders

In Hoofdstuk 2 beschrijven wij een studie waarin we met behulp van online vragenlijsten
het psychosociaal functioneren van 34 moeders en 19 vaders hebben onderzocht. De
mate van angst en depressie (Hospital Anxiety and Depression Scale), ouderlijke last
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(Last Thermometer voor Ouders) en posttraumatische stress symptomen (Self-Rating
Scale for PTSD) werd onderzocht en vergeleken met ouders van gezonde kinderen. Uit de
resultaten blijkt dat moeders van kinderen met MPS Il vaker voldoen aan de criteria voor
klinisch relevante angst (50%), en zowel moeders als vaders voldoen vaker aan de criteria
voor klinische relevante depressie (respectievelijk 34.6% en 36.8%). Verder rapporteren
zowel moeders als vaders vaker een verhoogde ouderlijke last (respectievelijk 84.6% en
68.4%) en aanzienlijk meer dagelijkse problemen dan ouders van gezonde kinderen. Het
is opvallend dat 26.9% van de moeders en 15% van de vaders voldoet aan de criteria
van een posttraumatische stress stoornis (PTSS), in vergelijking met een prevalentie van
7.4% in de algemene Nederlandse bevolking. Deze uitkomsten laten zien dat MPS I
een grote impact heeft op het psychosociaal functioneren van ouders. Een effectieve
behandeling voor deze klachten is zowel in het belang van de ouder als van het kind,
want het functioneren van ouders heeft invioed op de psychische en fysieke gesteldheid
van het kind. Behandeling van PTSS bij ouders wordt echter niet standaard aangeboden
in kinderziekenhuizen. Dit komt bijvoorbeeld omdat de behandeling van trauma minder
vaak wordt overwogen wanneer sprake is van doorlopend trauma, omdat langdurige
therapieén voor ouders vaak niet haalbaar zijn doordat zij belast zijn met de intensieve
zorg voor hun kind, of omdat zij ver weg wonen van expertise centra.

Hoofdstuk 3 bevat een casusbeschrijving van twee ouders (afkomstig
uit verschillende gezinnen) die we een relatief kortdurende Eye Movement and
Desensitization Reprocessing (EMDR) behandeling hebben aangeboden. Traumatische
herinneringen (bijv. het diagnose gesprek of de begrafenis van een ander kind met
MPS 11I) en flash-forwards (schrikbeeld over de toekomst; bijv. plotselinge dood van het
kind of de laatste levensfase) werden in kaart gebracht en behandeld. Een maximum
van vier sessies EMDR verdeeld over twee dagen leidde tot een significante daling
van posttraumatische stress symptomen (Impact of Event Scale-Revised) en andere
psychologische symptomen (Brief Symptom Inventory).

Voortbordurend op deze positieve resultaten hebben we in Hoofdstuk 4 de
haalbaarheid en effectiviteit van deze kortdurende behandeling verder onderzocht in een
gerandomiseerde studie met controle groep. Ouders werden willekeurig toegewezen aan
EMDR (N = 7) of aan een wachtlijstconditie van 6 weken. Na deze periode op de wachtlijst
kregen deze ouders alsnog EMDR (N = 7). De primaire uitkomstmaat van deze studie
was het aantal posttraumatische stress symptomen (PTSS checklist voor de DSM-5)
en de secundaire uitkomstmaten waren psychologische symptomen (Brief Symptom
Inventory), ouderlijke last (Last Thermometer voor Ouders) en opvoedingsbelasting
(Opvoedingsbelasting vragenlijst). In vergelijking met de wachtlijst resulteerde EMDR
twee weken na de behandeling in een significante en opvallend grote afname van
posttraumatische stress symptomen. EMDR resulteerde ook in een significante afname
op de andere uitkomsten met een gemiddeld tot groot effect. Analyses binnen de gehele
groep (EMDR, N = 14) laten zien dat het positieve effect van EMDR drie maanden
na behandeling nog steeds aanwezig is. De resultaten laten zien dat een kortdurende
EMDR behandeling onderdeel zou moeten zijn van de standaardzorg voor ouders die
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een doorgaand trauma ervaren gerelateerd aan de ongeneeslijke en progressieve ziekte
van hun kind.

Een andere manier om ‘potentiele, toekomstige ouders’ mogelijk te kunnen
ondersteunen is door hen preconceptie dragerschapsscreening aan te bieden. Het
gebruik van preconceptie dragerschapsscreening stelt toekomstige ouders in staat om
een meer geinformeerde keuze te maken bij het krijgen van kinderen.

Deel lI: Brede preconceptie dragerschapsscreening

Door het autosomale recessieve overervingspatroon van MPS IIl weten ouders vaak
niet dat zij drager zijn van de ziekte. Hierdoor komt de geboorte van een kind met
de ziekte bijna altijd totaal onverwacht. Preconceptie dragerschapsscreening heeft als
doel om dragerparen (met een kans van 1:4 op een aangedaan kind) op te sporen
voor de zwangerschap. Dragerparen kunnen dan gebruik maken van verschillende
reproductieve opties (bijv. in vitro fertilisatie (IVF) met embryoselectie, donor zaadcel/
eicel). De implementatie van preconceptie dragerschapsscreening gaat echter gepaard
met ethische en praktische dilemma’s. Dat is de reden dat wij hebben onderzocht
hoe mensen uit de algemene Nederlandse bevolking denken over het aanbod van
preconceptie dragerschapsscreening. De opvattingen van ouders en familieleden van
MPS Il patiénten verschilt mogelijk van de algemene Nederlandse bevolking door de
kennis die zij bezitten over de impact van de ziekte.

In Hoofdstuk 5 beschrijven we de opvattingen in de algemene Nederlandse
bevolking ten aanzien van preconceptie dragerschapsscreening. Mensen in de
reproductieve leeftijd (N = 781) vulden een online vragenlijst in die vooraf werd gegaan
door een schriftelijke uitleg over erfelijkheid, de dragerschapstest en MPS Il als
voorbeeld ziekte waarop gescreend wordt. Over het algemeen hadden mensen een
positieve opvatting over preconceptie dragerschapsscreening. In totaal gaf 31% aan dat
ze zelf mogelijk een test zouden willen doen. Het hebben van religieuze opvattingen was
negatief geassocieerd met beoogde deelname aan screening, terwijl het hebben van een
actieve kinderwens positief geassocieerd was met beoogde deelname aan screening.
De afwezigheid van een ernstige, erfelijke ziekte in de familie werd het vaakst genoemd
als reden om geen gebruik te maken van preconceptie dragerschapsscreening.

In Hoofdstuk 6 werd aan ouders (N = 58) en andere familieleden (broers/zussen,
ooms/tantes en grootouders, N = 101) van MPS Il patiénten dezelfde vragenlijst
aangeboden als in Hoofdstuk 5. Ouders en andere familieleden van MPS Il patiénten
zijn significant positiever over preconceptie dragerschapsscreening in vergelijking met
de algemene Nederlandse bevolking. Daarnaast hebben zij een betere genetische
kennis. In totaal gaf 84% van de ouders en 62.5% van de familieleden aan dat zij een
preconceptie dragerschapstest zouden doen. Ouders en familieleden zijn vaker van
mening dat preconceptie dragerschapsscreening ethisch acceptabel is, dat het lijden
kan voorkomen voor toekomstige ouders, en zouden vaker IVF met embryo selectie en
prenatale diagnostiek overwegen.
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Om bovenstaande uitkomsten beter te begrijpen, hebben we focusgroepen
georganiseerd met ouders, familieleden en mensen uit de algemene Nederlandse
bevolking (Hoofdstuk 7). Uit de focusgroepen kwamen vijf belangrijke thema’s naar
voren; (1) de voordelen van preconceptie dragerschapsscreening, (2) belemmeringen
om gebruik te maken van de test, (3) terugkoppeling van de testresultaten: het bieden
van een keuze, (4) ernst als belangrijkste criteria om screening panels samen te stellen,
(5) draagvlak voor de implementatie van preconceptie dragerschapsscreening. In
beide groepen, met name families, was er draagvlak voor de implementatie van
brede dragerschapsscreening voor ernstige, ongeneeslijke kinderziekten. Belangrijke
belemmeringen om deel te nemen aan screening waren een gebrek aan genetische
kennis, onbekendheid met de test en de ziekten waarop getest wordt, relevantie, en
de kosten die gepaard gaan met testen. Beide groepen, met name mensen uit de
algemene Nederlandse bevolking, hadden moeite om het doel van preconceptie
dragerschapsscreening te begrijpen. Een gebrek aan kennis en bekendheid met de test
en de ziekten in de test kunnen een barriere vormen voor koppels om een geinformeerde
keuze te maken.

Het is bekend dat het invioed heeft in de gezondheidszorg hoe informatie
aangeboden wordt, en uit ons onderzoek bleek (ontbrekende) kennis over preconceptie
dragerschapsscreening en genetische aandoeningen van belang. Daarom hebben
we in Hoofdstuk 8 onderzocht wat het effect is van een educatieve video (over de
dragerschapstest, autosomaal recessieve overerving en MPS IIl) versus een educatieve
tekst op de kennis en opvattingen van de algemene Nederlandse bevolking. Mensen in
de reproductieve leeftijd (N = 789) werd een educatieve video aangeboden voordat zij
dezelfde vragenlijst invulden als de deelnemers in Hoofdstuk 5. Deze deelnemers kregen
dezelfde informatie door middel van een tekst. Deelnemers die de educatieve video
kregen rapporteren een betere genetische kennis, beschouwen de ziekte MPS Il als
ernstiger, en beschouwen het risico om zelf drager te zijn als hoger. Over het algemeen
waren hun opvattingen over preconceptie dragerschapsscreening positiever dan de
deelnemers die de educatieve tekst aangeboden kregen. De resultaten laten zien dat
een educatieve video overwogen kan worden als een nuttig hulpmiddel voor informatie
overdracht over preconceptie dragerschapsscreening.

Dit proefschrift eindigt met Hoofdstuk 9 waarin een reflectie wordt gegeven op
de belangrijkste bevindingen in het licht van bestaande literatuur. Daarnaast worden
implicaties voor de (klinische) praktijk en toekomstperspectieven besproken.

Concluderend laten de resultaten uit deel | van dit proefschrift zien dat zowel moeders
als vaders van MPS Ill patiénten een hoog risico lopen op psychosociale problemen en
PTSS. Het is daarom essentieel dat de hele familie betrokken wordt in de zorg voor
MPS IlI patiénten. Psychosociale ondersteuning en interventies moeten aansluiten bij de
risico’s en behoeften van families. Daarbij kan gedacht worden aan psycho-educatie,
structureel screenen en monitoren, interventies die aansluiten op specifieke behoeftes
van ouders die zorgen voor een kind met een ongeneeslijke ziekte, individuele praktische-
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en emotionele ondersteuning, en individuele evidence-based behandelingen, waaronder
kortdurende EMDR, aangeboden door gezondheidszorgpsychologen.

Concluderend laten de resultaten uit deel Il van dit proefschrift zien dat er draagvlak
is voor de implementatie van preconceptie dragerschapsscreening in Nederland, met
name binnen families van MPS Il patiénten. De route naar een aanbod dat door de
overheid wordt gefinancierd of vergoed wordt door zorgverzekeraars is complex en
vereist uitgebreid onderzoek naar de ethische en maatschappelijke gevolgen. Een
landelijke pilot studie waarin preconceptie dragerschapsscreening aangeboden wordt
aan alle geinteresseerden en willekeurig geselecteerde individuen in de reproductieve
leeftijd zou een volgende stap kunnen zijn. Het is van belang dat patiénten en families die
ervaring hebben met de ziekten waarop getest wordt, worden betrokken in toekomstige
onderzoeken en besluitvorming.

Kernboodschappen

Deel |

e Moeders en vaders van MPS |ll patiénten rapporteren meer psychosociale problemen
(angst, depressie, ouderlijke last, en posttraumatische stress klachten) dan ouders
van gezonde kinderen.

e Een effectieve, kortdurende trauma behandeling is nodig voor ouders die overbelast
zijn en voortdurend trauma ervaren gerelateerd aan de progressieve, ongeneeslijke
ziekte van hun kind.

e Kortdurende EMDR is een haalbare, effectieve behandeling om posttraumatische
stress klachten, psychologische symptomen, ouderlijke last, en opvoedingsbelasting
te verminderen voor ouders van MPS Il patiénten.

e Hetis van essentieel belang dat de hele familie (ouders, broertjes/zusjes, en andere
familieleden) wordt betrokken in de zorg voor kinderen met MPS Il

Deel Il

e Quders en familieleden van MPS Il patiénten hebben een positievere opvatting ten
aanzien van preconceptie dragerschapsscreening vergeleken met mensen uit de
algemene Nederlandse bevolking.

e Een gebrek aan genetische kennis (d.w.z. basiskennis over erfelijkheid), bekendheid
met de test en de ziekten waarop getest wordt, en misconcepties over de relevantie
van preconceptie dragerschapsscreening zijn belangrijke belemmeringen om gebruik
te maken van een dergelijke test.

e (Goede informatievoorziening over de beschikbaarheid, het doel, en de ziekten
waarop getest wordt met preconceptie dragerschapsscreening is van groot belang
voor toekomstige ouders om tot een geinformeerde keuze te komen.

e Het gebruik van educatieve video’s kan overwogen worden als een nuttig hulpmiddel
om toekomstige ouders te informeren over preconceptie dragerschapsscreening en
hun genetische kennis te vergroten.
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