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1 | INTRODUCTION

| Christian P. Schaaf®

Abstract

Background: Schaaf-Yang syndrome (SYS) is a neurodevelopmental disorder
caused by truncating variants in the paternally expressed MAGEL2 gene in the
Prader-Willi syndrome-region on chromosome 15q. In addition to hypotonia and
intellectual disability, individuals with SYS are frequently affected by neonatal
contractures and autism spectrum disorder. In this study, we focus on the burden
of disease on patients and their families for the first time.

Methods: Based on the online SYS Patient Voices Survey the perspective of 81
primary caregivers on SYS was assessed.

Results: The perceived severity of muscular and developmental manifestations
dominated the evaluation of the phenotype in early childhood, while behavioral
issues were considered more impactful later in life. Importantly, an apprehension
toward symptoms with a later onset was observed in caregivers of younger chil-
dren. Available therapeutic options, while mostly effective, did not sufficiently
alleviate the total burden of disease. Overall, parents stated that caring for an in-
dividual with SYS was very challenging, affecting their daily lives and long-term
planning.

Conclusion: Our study demonstrates the necessity for treatments that, adapted
to age and in accordance with the caregivers' prioritization, improve the patients’
medical condition and thus facilitate their and their families' social participation.
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15 (15q11.2-q13). Described by Schaaf et al. (2013), the

Schaaf-Yang syndrome (SYS) (OMIM: 615547) is a genetic
disorder caused by heterozygous nonsense and frame-
shift variants of the maternally imprinted, paternally
expressed MAGEL2 (OMIM: 605283) gene within the
Prader-Willi syndrome (PWS) domain of chromosome

first identified individuals with truncating variants in the
MAGEL2 gene presented with a phenotype partially over-
lapping with PWS, including the PWS major criteria neo-
natal hypotonia, feeding problems, developmental delay/
intellectual disability (DD/ID) and hypogonadism (Schaaf
et al., 2013). Remarkably, autism spectrum disorder
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(ASD) and contractures were highly prevalent (Schaaf
et al., 2013).

Since then, newly identified cases of SYS have been
analyzed, allowing for a more distinct characterization of
the phenotype encompassing affections effects of several
organ systems. Early in life, severe neonatal contractures
are characteristic of the phenotype (Castilla-Vallmanya
et al., 2022; McCarthy, Lupo, et al., 2018), cases of lethal
arthrogryposis multiplex congenita have been reported
(Mejlachowicz et al., 2015). Temperature instability is
frequently present, and seizures and neurological deteri-
oration following febrile episodes have been reported in
a cohort of six Japanese children with SYS (McCarthy,
Lupo, et al., 2018; Negishi et al., 2019). During early child-
hood development, feeding difficulties, gastroesophageal
reflux, and chronic constipation are eminent and require
specialized medical attention (Fountain et al., 2017).
Short stature associated with growth hormone deficiency
(GHD) and low bone mineral density as indicators of os-
teoporosis are observed in most patients; the prevalence
of scoliosis is elevated compared to the general popula-
tion (McCarthy, Lupo, et al., 2018; McCarthy, McCann-
Crosby, et al., 2018). Additionally, it has been shown that
obstructive sleep apnea occurs in most individuals with
SYS (Powell et al., 2020).

Later in life, all individuals with SYS showed intel-
lectual impairment within a broad range of profound to
mild ID. Interestingly, the delay in reaching developmen-
tal milestones appears to be more severe than typically
seen among individuals with PWS (Fountain et al., 2017;
McCarthy, Lupo, et al., 2018). Systematic evaluation for
neurobehavioral disorders in nine patients confirmed the
high prevalence of ASD and associated symptoms as well
as low adaptivity and general behavioral issues (Thomason
et al., 2020). A minority of patients also presents seizures
(Fountain et al., 2017). In adolescents and adults, the
phenotype includes hyperphagia and obesity, social with-
drawal, and behavioral issues become more pronounced
(Marbach et al., 2020). In addition, there is evidence for
genotype-phenotype correlations, given that patients with
the most common variant NM_019066.5:c.1996dup pres-
ent a more severe phenotype than individuals with other
truncating variant or deletions of the entire gene (Kanber
et al.,, 2009; McCarthy, Lupo, et al., 2018). Importantly,
some variants, for example, NM_019066.5:c.1996del,
are reported to be pre-, or perinatally lethal (Fountain
et al., 2017).

However, as the medical understanding of this genetic
disorder becomes increasingly more detailed, the per-
ception of medical needs and treatment priorities from a
caregivers' point of view has not been appraised yet. So
far, previous publications mainly focused on the review of
medical records and medical staff's perspectives.

To improve the impact of SYS on patients' lives, sev-
eral treatments that are well-established for PWS have
been assessed in SYS in recent years. For instance, the
administration of recombinant human growth hormone
(rhGH) increased the height of patients with SYS and sug-
gested a positive effect on the body composition (Hebach
et al., 2021). As for advising of caregivers, Schaaf and
Marbach (2021) suggest addressing gastrointestinal, re-
spiratory, musculoskeletal, neuro-psychiatric, ophthalmo-
logical, genitourinary, and endocrine concerns as well as
genetic counseling and family support. Further treatment
options that are in accordance with the families' expecta-
tions and needs have yet to be evaluated.

Therefore, a standardized questionnaire was developed
to assess the caregivers' perception of their daily chal-
lenges, observations, and concerns related to SYS patients.
Here, we report the results of an online questionnaire
based on the responses of 81 patients and families. In par-
ticular, we intend to compare professionals’ and caregiv-
ers' perspectives.

2 | METHODS

2.1 | Ethical compliance

The presented study was approved by the ethics board of
the North Star Review Board. Caregivers gave their con-
sent for publication of the data.

2.2 | Participants

As of 2022, 263 individuals with truncating variants in
MAGEL2 (NM_019066.5) have been registered in an in-
ternal database (Dr Schaaf, personal communication)
and diagnosed with SYS. Primary caregivers of patients
in this cohort were directly notified if contact informa-
tion was available and, additionally, an announcement
was posted in a closed SYS community Facebook group.
In March and April 2021, the survey was conducted using
www.surveymonkey.com or paper forms. The written
responses were later added to the SurveyMonkey data
by Foundation for Prader-Willi (FPWR) staff. Included
were caregivers of a person with a pathogenic variant in
the MAGEL2 gene causing SYS. There were no exclusion
criteria. Caregivers were asked to complete the survey for
one individual with SYS, however, there was a possibility
to report on additional immediate family members with
SYS if applicable. In total, 81 caregivers from 19 coun-
tries completed the survey, among them 78 parents and
three other primary caregivers. Patients’ ages ranged from
under 1year to over 18years. For older patients, the exact
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age was not registered as not to reveal families’ identities.
Furthermore, 26 caregivers reported the exact truncating
variant causing SYS in the respective individual, among
those were 10 patients with a NM_019066.5:c.1996dup
variant. For de-identification purposes, parents’ answers
were not matched to the respective genotypes.

2.3 | Methods

Questions found to be of importance in the US Food and
Drug Administration patient-focused drug development
meetings served as guidance for the development of this
survey. The collection of data was based on a question-
naire that was later de-identified. To evaluate the impact
of a symptom or the effectiveness of a treatment, Likert-
type scale questions were used. Our survey focused on
the assessment of the current importance of a symptom
on day-to-day living as well as its potential future impact
(Supplementary Materials). The possibility of free text
answers was provided to identify unregistered medical
issues.

For assessment of age- and development-related med-
ical needs and treatment priorities, the cohort was strat-
ified into four age groups relying on clinical experience
for determining the cut-offs (under 4years, 4-10years,
11-18years, over 18years). The data were analyzed using
Microsoft Excel for statistical calculation.

3 | RESULTS

Responses for 81 SYS patients were collected. In the differ-
ent age groups, 26 individuals were below 4years of age,
32 were between 4 and 10years, 17 were between 11 and
18years, and six were over 18 years. The multiple question
survey was completed in 98.8%.

Depending on the developmental characteristics of the
symptom, the manifestation of phenotypical characteris-
tics remained either stable when assessed in different age
groups or it was, apart from breathing and feeding diffi-
culties, increasing. Most prominently, DD/ID was diag-
nosed in approximately 90% of individuals under the age
of 10years and affected 100% of older patients. Mobility
problems including hypotonia had been present in ap-
proximately 80% of patients at one point and seemed to
decrease in importance with advancing age, whereas
symptoms associated with behavior and social interaction
were increasingly prevalent in older patients. In total, the
mean number [standard deviation| of symptoms reported
in individuals under the age of 4 years was 10.2 [2.94], be-
tween 4 and 10years 10.2 [3.34], between 11 and 18years
12.7 [2.64], and in adults 11.17 [3.31].

Open Access,

Interestingly, for several clinical manifestations, care-
givers reported symptom-related impact more frequently
than documented in the official diagnosis.

3.1 | Cognitive and mental issues
(Table 1a)

Of the 81 completed questionnaires, the most frequently
reported symptoms included ID/DD and communication/
speech difficulties, affecting 92.6% and 88.9% of individu-
als, respectively.

A total of 92.3% of patients under 4 years were reported
to show signs of ID/DD, over the age of 11, all individuals
had been diagnosed with ID/DD. The impact of this symp-
tom was perceived to be higher in older patients and all
caregivers for the oldest subgroup were highly concerned
as to what extend ID/DD would impact the person with
SYS in the future. With over 90% of all respondents de-
siring specific therapeutic options, this ranked highest in
treatment necessities.

Communication/speech difficulties were stated to
strongly affect patients between 4 and 18years. Treatment
options for the issue included speech therapy, which had
been used by 87.6% and was found to be helpful by most
parents.

Mental health issues, on the other hand, seem to man-
ifest later in life. ASD and associated symptoms like diffi-
cult behavior and anxiety largely increased in prevalence
and impact in older patients. While only six of 26 patients
under 3years were diagnosed and showed signs of ASD
according to their caregivers, five of six individuals over 18
were affected. Interestingly, almost two-thirds of respon-
dents caring for a child under the age of 4 years reported
the impact of ASD was at least somewhat important, and
nine of 26 stated it was highly impacting. The highest ap-
prehension toward this symptom was shown by caregivers
of adolescent patients. Likewise, the prevalence of anxiety
increased in older individuals, with 66.7% of adults hav-
ing experienced the symptom, while none of the young-
est children were diagnosed at the time of the survey.
However, 29.6% of caregivers of patients under 4 years and
83.3% of adults described an important impact. Difficult
behavior already affected 11.2% of the youngest individ-
uals and was reportedly demonstrated by approximately
60% of adolescents. Despite lacking formal diagnosis, two-
thirds of adult patients were importantly impacted. The
highest worry existed among primary caregivers of indi-
viduals between 11 and 18years. Overall, most caregivers
worried about how the symptom would affect the individ-
ual in the future.

Some therapeutic options can be proposed for mental
and behavioral issues. Applied behavior analysis (ABA)
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TABLE 1A
Impact
Age Very high/most
[years] Symptom  important
Developmental 0-3 92.3% 80.8%
delay/
intellectual
disability
4-10 87.5% 81.3%
11-18 100.0% 76.5%
>18 100.0% 100.0%
Autism spectrum 0-3 23.1% 30.8%
disorder®
4-10 50.0% 46.9%
11-18 64.7% 58.8%
>18 83.3% 66.7%
Communication/ 0-3 80.8% 69.2%
speech delays or
difficulties™
4-10 96.9% 84.4%
11-18 94.1% 70.6%
>18 66.7% 83.3%
Difficult behavior® 0-3 11.5% 30.8%
4-10 56.3% 50.0%
11-18 58.8% 52.9%
>18 33.3% 66.7%
Anxiety® 0-3 0.0% 26.9%
4-10 28.1% 34.4%
11-18 58.8% 35.3%
>18 66.7% 83.3%
Seizure® 0-3 23.1% 38.5%
4-10 3.1% 6.3%
11-18 29.4% 11.8%
>18 0.0% 33.3%

Impact of individual symptoms and perceived effectiveness of available treatment options: Cognitive and mental issues.

Worry Treatment option Ideal treatment
Very high/most Very/most
important Used Effective important
88.5% N/A N/A 92.3%
78.1% N/A N/A 84.4%
88.2% N/A N/A 94.1%
100.0% N/A N/A 100.0%
34.6% 11.5% 11.5% 46.2%
50.0% 25.0% 25.0% 65.6%
64.7% 41.2% 35.3% 64.7%
33.3% 50.0% 33.3% 83.3%
76.9% 88.5% 80.8% 80.8%
78.1% 87.5% 84.4% 87.5%
82.4% 94.1% 88.2% 94.1%
50.0% 66.7% 50.0% 100.0%
30.8% 88.5% 88.5% 46.2%
43.8% 87.5% 87.5% 65.6%
64.7% 100.0% 100.0% 64.7%
50.0% 66.7% 50.0% 83.3%
19.2% 7.7% 7.7% N/A

25.0% 18.8% 18.8% N/A

29.4% 47.1% 41.2% N/A

50.0% 50.0% 33.3% N/A

23.1% 23.1% 23.1% N/A

9.4% 6.3% 6.3% N/A

23.5% 17.6% 17.6% N/A

0.0% 0.0% 0.0% N/A

Note: Cognitive problems are present early on and cause high impact. The diagnosis and impact of mental and behavioral issues increase with patients’ age.
Treatment: *applied behavioral analysis therapy, "speech therapy, ‘occupational therapy, “anxiety medication, °seizure mediation; ideal treatment: 'positive

social interaction.
Abbreviation: N/A, not asked.

therapy to address the symptoms of autism was used by
approximately one-fifth of all patients, ranking highest in
the oldest subgroup. Especially younger children under
the age of 11years seemed to have benefitted from the
intervention. Nevertheless, all parents whose children
received beneficial ABA therapy found ASD to be highly
impacting and worrisome. Anxiety medication had been
prescribed to almost half of all patients over the age of
4years and already two of the youngest children. While
all patients under the age of 11 years having taken anxiety

medication benefitted at least somewhat, adverse side ef-
fects were reported for some patients.

Of all therapeutic options addressing behavioral issues,
occupational therapy was the most frequently used with
87.7% of patients having undergone this treatment at one
time. According to caregivers, with one exception, occu-
pational therapy proved to be at least somewhat helpful.
Nevertheless, caregivers considered the development of
new treatment options to improve behavior and positive
social interaction as particularly important, the desire for
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amelioration of those symptoms increasing with the age
of patients.

3.2 | Musculoskeletal and eye problems
(Table 1b)

Characteristic hypotonia has been present in 88.9% of
individuals with no significant differences between age
groups. General mobility problems affected 82.7% of in-
dividuals at one point and had a great impact, especially
in the youngest and oldest subgroup. Likewise, 79% of
patients had experienced contractures at one point with
no significant differences between the four age sub-
groups. However, while caregivers of adolescents and
adults largely rated the impact of this symptom as low,
younger children were reportedly more challenged by
contractures. Also, the perceived impact of eye problems

Open Access,

decreased as patients grew older. By contrast, the preva-
lence of scoliosis and osteoporosis increased in the older
age groups as did the reported impact. Cumulatively,
40.7% of patients had been diagnosed with scoliosis,
among those five of six adults, all of which were highly
impacted. Interestingly, without being clinically diag-
nosed, the impact for younger children was already per-
ceived as very important. Likewise, this apprehension
was expressed for osteoporosis: in all subgroups, the
number of caregivers who stated to be worried about the
development of osteoporosis was higher than the num-
ber of currently diagnosed individuals.

All mobility-associated symptoms can be partially ad-
dressed by physical therapy which was used by 95.1% of
the individuals, providing at least some alleviation of the
symptoms. As for contractures and scoliosis, bracings can
be fitted, however, six of 81 caregivers reported significant
side effects. Overall, the demand for therapeutic options

TABLE 1B
problems.
Impact
Age Very high/most
[years] Symptom  important
Hypotonia/weak 0-3 92.3% 76.9%
muscles’
4-10 84.4% 53.1%
11-18 94.1% 41.2%
>18 83.3% 33.3%
Contractures® 0-3 84.6% 30.8%
4-10 71.9% 31.3%
11-18 82.4% 5.9%
>18 83.3% 16.7%
Mobility problems/ 0-3 84.6% 73.1%
difficulty
walking”
4-10 75.0% 56.3%
11-18 94.1% 47.1%
>18 83.3% 83.3%
Scoliosis® 0-3 23.1% 42.3%
4-10 34.4% 28.1%
11-18 64.7% 47.1%
>18 83.3% 83.3%
Eye problems 0-3 76.9% 42.3%
4-10 71.9% 21.9%
11-18 82.4% 23.5%
>18 50.0% 33.3%

Impact of individual symptoms and perceived effectiveness of available treatment options: Musculoskeletal and eye

Worry Treatment option Ideal treatment
Very high/most Very/most
important Used Effective = important
42.3% N/A N/A 73.1%
34.4% N/A N/A 75.0%
35.3% N/A N/A 64.7%
66.7% N/A N/A 83.3%
19.2% 57.7% 57.7% N/A

21.9% 59.4% 56.3% N/A

5.9% 52.9% 52.9% N/A

33.3% 33.3% 33.3% N/A

73.1% 100.0% 100.0% 88.5%
56.3% 90.6% 90.6% 75.0%
52.9% 100.0% 100.0% 82.4%
83.3% 83.3% 83.3% 100.0%
30.8% 11.5% 11.5% N/A

25.0% 18.8% 18.8% N/A

47.1% 41.2% 29.4% N/A

83.3% 16.7% 16.7% N/A

30.8% N/A N/A N/A

28.1% N/A N/A N/A

17.6% N/A N/A N/A

0.0% N/A N/A N/A

Note: Muscular problems become less important whereas scoliosis causes high impact in older cohorts. n (0-3years) =26, n (4-10years)=32, n (11-
18years)=17, n (>18years)=6. Therapeutic options: “splints and braces, "physical therapy, “scoliosis brace; ideal treatment: 'improves stamina and activity.

Abbreviation: N/A, not asked.



DOTSCH ET AL.

60f12 . . ..
Molecul M
WI LEY— olecular Genetics & Genomic

improving mobility is a high treatment priority for more
than 80% of primary caregivers.

3.3 | Feeding and respiratory
abnormalities, sleep issues (Table 1c)

Issues concerning eating behavior and digestion show a
shift from feeding difficulties in younger children to in-
creasing worries about hyperphagia in adolescence and
adulthood. While 88.5% of children until the age of 4 years
experienced feeding problems or inability to eat inde-
pendently, only 50% of SYS-affected adults showed this
symptom. Accordingly, caregivers of younger individu-
als expressed higher concerns about feeding problems. By
contrast, the importance of hyperphagia was perceived
invertedly. Overall, 14 of 81 respondents took care of an
individual who demonstrated excessive, insatiable hun-
ger, the highest prevalence was reported in adolescents,
the lowest in children under the age of 4years. However,
the perceived impact and worry were stated to be higher
than the actual diagnosis of hyperphagia in very young
and adult patients. Digestion problems were present in ap-
proximately two-thirds, and most parents considered the
impact to be substantial.

To address feeding difficulties, more than half of all
children had been equipped with a G- or NG-Tube, all of
them benefiting at least somewhat. Only one individual
over the age of 18 years was reported to be using a feeding
tube at the time of the survey. GI medications to treat re-
flux and constipation, however, were used by and reported
to be beneficial for all patients over 18years old. In total,
54 of 81 individuals received this treatment. When asked
to rate the importance of developing further therapeutic
options to improve GI health, the need for an ideal treat-
ment increased with the individuals' age.

Breathing problems had an overall prevalence of 38.3%
and were most prominently affecting the younger pa-
tients. Sleep problems and sleep apnea were present in
all age groups and affected 62 of 81 individuals. The per-
ceived impact was highest in adolescents.

To evaluate the treatment of sleep apnea, caregiv-
ers could rate the effectiveness of tonsillectomy or ad-
enoidectomy (T/A) and CPAP therapy. Overall, 29 of 81
patients underwent T/A. Only one parent reported it to
be not effective and two stated that side effects were sig-
nificant. Twenty-four of 81 individuals were treated with
CPAP, with a higher usage among patients under the age
of 11years. Three caregivers reported significant side ef-
fects and two did not consider the treatment helpful at all.
Additionally, in the free-text section, several parents re-
ported they had been using sleep medication, mostly mel-
atonin, if specified. Improvement of sleep was strongly

wished for by 62 of 81 caregivers, the need for an interven-
tion increased with the age of patients.

3.4 | Hormonal dysregulation (Table 1d)
Largely prevalent in the SYS Patient Voices Cohort, GHD
has been diagnosed in 56 of 81 patients. Supplementation
of rhGH to address GHD was applied in 50 of 81 patients.
In the two younger subgroups, all individuals receiving
the treatment experienced at least some benefit, while it
was not perceived as effective for three older patients.

The prevalence of hypogonadism and incomplete sex-
ual development was highest in the youngest children,
and the perceived impact decreased with age. In contrast,
osteoporosis was only diagnosed in two of 26 patients
under 4 years; however, it was present in half of the adults.
Remarkably, caregivers noticed a severe impact of the
symptom in patients of all age groups who had not been
formally diagnosed at the time of the survey.

3.5 | Additional symptoms
and treatments

The possibility to list additional symptoms was also pro-
vided by the survey, and 12 caretakers specified these.
Manifestations presented by more than one patient in-
cluded hypersalivation, kyphosis, hearing loss, and harm-
ful repetitive behavior. Furthermore, individuals were
diagnosed with endocrine disorders, for example, hypo-
glycemia, central diabetes insipidus, and hypothyroidism.

Additionally, applied treatments were also mentioned
by 31 caregivers, the most frequently used were medica-
tions to ameliorate sleep problems and attention deficit
hyperactivity disorder. Several patients also underwent
spinal surgery, but the exact underlying condition was not
specified.

3.6 | Impact on (daily) life (Table 2)

Caregivers were also asked to rate the impact of SYS on
the affected individual's life as well as theirs' and their
families. Most parents also commented in free text, ex-
pressing “agony and sadness” over the medical and social
conditions. However, some individuals and caregivers
were seemingly less affected, one respondent clarified
that it was “a positive enrichment to have a child with SYS.”
Overall, caregivers reported that the syndrome caused
severe disruptions in the lives of 96.3% of primary car-
egivers and 87.7% of families. Although some symptoms
became less prevalent and reportedly less challenging
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TABLE 1C Impactof individual symptoms and perceived effectiveness of available treatment options: Feeding, respiratory, and sleep
issues.
Impact Worry Treatment option  Ideal treatment
Age Very high/most Very high/most Very/most
[years] Symptom  important important Used Effective  important
Feeding problems/inability 0-3 88.5% 57.7% 65.4% 61.5% 61.5% N/A
to eat independently®
4-10 68.8% 56.3% 40.6% 43.8% 43.8% N/A
11-18 82.4% 52.9% 41.2% 64.7% 64.7% N/A
>18 50.0% 50.0% 50.0% 16.7% 16.7% N/A
Gastrointestinal problems/ 0-3 80.8% 50.0% 46.2% 69.2% 69.2% 50.0%
chronic constipationb
4-10 68.8% 50.0% 34.4% 56.3% 53.1% 46.9%
11-18 76.5% 64.7% 52.9% 70.6% 64.7% 64.7%
>18 66.7% 66.7% 50.0% 100.0%  100.0% 83.3%
Sleep problems® 0-3 65.4% 53.8% 46.2% 26.9% 26.9% 65.4%
4-10 84.4% 78.1% 56.3% 53.1% 50.0% 81.3%
11-18 82.4% 82.4% 82.4% 23.5% 23.5% 82.4%
>18 66.7% 66.7% 50.0% 16.7% 16.7% 83.3%
Breathing problems* 0-3 42.3% 50.0% 46.2% 34.6% 34.6% N/A
4-10 37.5% 46.9% 40.6% 34.4% 28.1% N/A
11-18 35.3% 47.1% 58.8% 17.6% 17.6% N/A
>18 33.3% 33.3% 66.7% 16.7% 16.7% N/A
Hyperphagia 0-3 11.5% 19.2% 23.1% N/A N/A N/A
4-10 12.5% 9.4% 9.4% N/A N/A N/A
11-18 35.3% 17.6% 29.4% N/A N/A N/A
>18 16.7% 50.0% 33.3% N/A N/A N/A

Note: The perceived severity of feeding, respiratory and sleep issues, and effectiveness of applied treatments for use differ between age groups. n
(0-3years)=26, n (4-10years) =32, n (11-18years)=17, n (>18years) =6. Therapeutic options: *G-tube/NG-tube, *GI-medication, ‘tonsillectomy, ‘CPAP.

Abbreviation: N/A, not asked.

with increasing age, the overall reported burden of disease
intensified.

All primary caregivers of individuals 18 years and older
reported to be highly affected in terms of financial and so-
cial impact, day-to-day living, the ability to work outside
of home and in achieving long-term goals. In compari-
son, respondents taking care of children until the age of
18years old were slightly less affected concerning their
financial and career situation. Nevertheless, the global
impact on caregivers for children and adolescents always
ranked over 90%.

4 | DISCUSSION

In this study, we present the results of an online question-
naire completed by 81 primary caregivers of individuals

with SYS, aiming to elucidate the most challenging medi-
cal and social needs across the lifespan. To the best of
our knowledge, the caregivers' perspective on SYS is ad-
dressed for the first time in a scientific publication.

Given the high number of participants and a preva-
lence of individual symptoms comparable to the literature,
the SYS Patient Voices cohort is representative (Castilla-
Vallmanya et al., 2022; Marbach et al., 2020; McCarthy,
Lupo, et al., 2018). In general, this survey shows that char-
acteristic symptoms like hypotonia, neonatal contractures,
DD, and feeding problems are present in infancy and early
childhood, while cognitive and mental issues become
more apparent over the course of the years. The severity
of the phenotype does not only impair affected individ-
uals, but it also causes high caregiver burden. Available
symptomatic treatment is generally effective but does not
ease the overall impact of SYS.
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TABLE 1D Impact of individual symptoms and perceived effectiveness of available treatment options: Hormonal dysbalance.
Impact Worry Treatment option Ideal treatment
Age Very high/most Very high/most Very/most
[years] Symptom important important Used Effective important
Growth hormone 0-3 76.9% 42.3% 34.6% 65.4% 65.4% N/A
deficiency”
4-10 62.5% 34.4% 18.8% 65.6% 65.6% N/A
11-18 76.5% 35.3% 35.3% 47.1% 41.2% N/A
>18 50.0% 33.3% 33.3% 66.7% 33.3% N/A
Hypogonadism/ 0-3 34.6% 19.2% 19.2% N/A N/A N/A
incomplete sexual
development
4-10 12.5% 3.1% 9.4% N/A N/A N/A
11-18 17.7% 11.8% 5.9% N/A N/A N/A
>18 16.7% 0.0% 0.0% N/A N/A N/A
Osteoporosis/weak 0-3 7.7% 23.1% 19.2% N/A N/A 61.5%
bones
4-10 9.4% 15.6% 18.8% N/A N/A 40.6%
11-18 29.4% 23.5% 35.3% N/A N/A 52.9%
>18 50.0% 66.7% 66.7% N/A N/A 100.0%

Note: Growth hormone deficiency is comparably well controlled in patient, whereas osteoporosis poses a high concern for caregivers. n (0-3years)=26, n (4-
10years)=32, n (11-18years)=17, n (>18 years) = 6. Therapeutic options: “recombinant human growth hormone.

Abbreviation: N/A =not asked.

4.1 | Worries and impact concerning the
individual's quality of life

The importance of specific symptoms was perceived vari-
ably depending on their severity and patients' ages. In
young children, hypotonia, contractures, feeding problems,
and hormonal dysregulation were rated as highly impact-
ing and proved to be subject of substantial worry. However,
those symptoms seemed to subside or become less impor-
tant as individuals grow older. In addition to the “natural
course” of disease, the amelioration could be due to spe-
cific treatments provided to affected patients. In particu-
lar, GHD can be treated by administration of rhGH, which
does not only lead to an increase in body height, but also
positively affects body composition, mobility, and cogni-
tive abilities (Hebach et al., 2021). In congruence with their
manifestation, mental and sleep issues, skeletal problems,
and hyperphagia have an increasing impact on patients
and are also reportedly worrisome for caregivers. It is note-
worthy that the perceived importance and apprehension
toward those symptoms precede their onset and/or diagno-
sis, especially in the youngest subgroup. This discrepancy
might indicate an underdiagnosis of certain symptoms in
SYS, since it has been demonstrated in longitudinal studies
on children with non-curable diseases that physicians tend
to under-report the prevalence of symptoms in comparison

to parents (Steele et al., 2014). However, given the strong
emphasis on the high prevalence of ASD in patients with
SYS as well as the syndrome's close association with PWS,
a neurodevelopmental disorder causing morbid hyperpha-
gia and a prominent behavioral phenotype, parents might
also anticipate the onset of behavioral issues and evaluate
their importance accordingly (McCarthy, Lupo, et al., 2018;
Schaaf et al., 2013; Schwartz et al., 2021). Increased paren-
tal anxiety has been found to be associated with a stronger
perception of symptoms in the affected child (Smith
et al., 2020). Therefore, it is within the responsibility of
physicians involved in the care of the patient to guide par-
ents and primary caretakers in acquiring information about
their child's disorder (Serra et al., 2021). Nevertheless, in
their interpretation of the longitudinal assessment of par-
ents' and patients' needs, Steele et al. highlighted the im-
portance of determining why parents are concerned about
the impact instead of questioning their diagnostic abilities
(Steele et al., 2014).

As demonstrated by the SYS Patient Voices Survey, it is
thus crucial to integrate parents’ perceptions of the devel-
opment of symptoms to diagnose and treat possible clini-
cal manifestations early on. Meanwhile, parents should be
assured that some symptoms like hypotonia become less
impacting over time, in order to partially alleviate caregiv-
ers’ concerns.
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TABLE 2 Extended impact of SYS on individuals, families, and caregivers.

Moderate to severe impact

0-3years (n=26)

Individuals with SYS
Day-to-day living 88.5% 93.8%
Ability to reach 92.3% 90.6%
long-term goals
Families
Overall impact 84.6% 84.4%
Caregivers
Financial impact 80.8% 75.0%
Social impact 73.1% 81.3%
Day-to-day living 84.6% 87.5%
Ability to work 76.9% 75.0%
outside of the
home
Ability to reach 76.9% 78.1%
long-term goals
Overall impact 92.3% 96.9%

4-10years (n=32)

11-18years (n=17) >18years (n=6) All (n=81)
94.1% 100.0% 92.6%
100.0% 100.0% 93.8%
94.1% 100.0% 87.7%
70.6% 100.0% 77.8%
94.1% 100.0% 82.7%
88.2% 100.0% 87.7%
76.5% 100.0% 77.8%
82.4% 100.0% 80.2%
100.0% 100.0% 96.3%

Note: Cumulatively, SYS causes high disruption in the lives of patients, families, and caregivers. The burden of disease also manifests in other aspects of

caregivers' lives, namely financially, socially, and in terms of life planning.
Abbreviation: SYS, Schaaf-Yang syndrome.

4.2 | Treatment and unmet
treatment needs

While symptomatic therapeutic options are available
and, if used, to some degree effective, caregivers are not
yet satisfied with the overall treatment for SYS. Most car-
egivers considered the development of an ideal treatment
in all assessed categories “very important” or “most im-
portant.” The respondents were particularly interested
in an improvement in intellectual abilities, mobility, and
positive social interaction. In addition to the investigation
of treatment priorities and unmet medical needs, as per-
formed in the SYS Patient Voices survey, patient-related
outcome measures should be determined using multiple
approaches, for example, interviews, focus groups within
the family associations, and “shadowing” of day-to-day-
living (Morel & Cano, 2017).

Given the fact that SYS is an ultra-rare disease, devel-
opment of specific treatments for the disorder is limited
by lack of knowledge about the clinical presentation and
underlying molecular mechanisms, financial restrictions,
and low numbers of participants in clinical trials. One
participant in the SYS Patient Survey specifically asked
for “more coordination in the investigation.” As research
for other orphan diseases has demonstrated, it is crucial to
invest in an active communication between researchers,

physicians, caregivers/families, and for the industry
to further address specific therapeutic needs (Straub
et al., 2016). Therefore, specific SYS research has actively
been supported by the FPWR in recent years.

43 | Impacton caregivers and families
The overall impact of SYS on individuals and their
families regarding aspects of day-to-day living as well
as long-term goals increases as patients get older. This
is consistent with studies evaluating the well-being
of caregivers of individuals with PWS (Kayadjanian
et al., 2018, 2021). Certain symptoms like sleep diffi-
culties, which affect 76.4% of patients, might not only
impair the primary caregiver's sleep quality, but can
also be straining for other family members. It has been
shown that primary caregivers of children with chronic
diseases frequently report severe sleep disturbances af-
fecting their day-time-performance, mood as well as
mental condition, while neurotypical siblings of individ-
uals with neurodevelopmental disorders have a higher
prevalence of sleep disorders themselves (Meltzer &
Moore, 2007; Veatch et al., 2021).

Unsurprisingly, caring for a child with a severe dis-
order like SYS also impacts the social lives of parents.
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Having to prioritize the patient's needs over social inter-
action has been shown to be closely associated with a feel-
ing of loneliness and social isolation of caretakers (Currie
& Szabo, 2020; Hajek et al., 2021). Therefore, therapeutic
strategies should focus on ensuring participation of pa-
tients and their caretakers.

In addition to the physical and mental challenges, car-
ing for a child with a rare neurodevelopmental disease
has a substantial financial impact on families in terms
of direct and indirect health cost, for example, reduced
working hours (Stabile & Allin, 2012). Respondents in
our survey experienced high financial burdens and limita-
tions in their ability to work outside of home in 77.8% of
cases. A European study on patients with PWS, however,
demonstrated that economic costs are not the strongest
variable on the quality of life of the individual and their
caregiver (Lopez-Bastida et al., 2016).

While access to financial support and necessary treat-
ment options should undoubtedly be ensured for every
individual with SYS, it is particularly important to im-
prove the quality of life for parents and families and to
alleviate caregiver burden. For short-term improvement
of parent's psychological well-being, group-based parent
training programs have been beneficial, long-term inter-
ventions should encompass family support in several mo-
dalities, for example, organizational support, (in-home)
respite, tele-counseling, and structural adaptions like
employment and healthcare benefits (Barlow et al., 2012;
Edelstein et al., 2017). Furthermore, peer support through
family interest groups has helped to stabilize caregiv-
ers, connecting with other affected families through
social media has also become more and more relevant
(Titgemeyer & Schaaf, 2022). Therefore, accessibility to
online and face-to-face SYS groups should actively be pro-
moted (Chakraborti et al., 2021).

4.4 | Limitations and outlook

Our study has several limitations. Due to the de-
identification of participants, free-text answers could not
be attributed to individuals and genotype-phenotype-
correlation was not possible. Additionally, the gender of
patients with SYS was not assessed, which could have al-
lowed for an analysis of a potential sexual dimorphism of
symptoms.

For further analysis of the treatment efficacy in indi-
viduals with SYS, the proxy data should be complemented
with the patient's perception of symptoms and received
medical interventionsif acquisition is possible (Ibragimova
et al., 2007; U.S. Food and Drug Administration, 2006).

5 | CONCLUSION

For the first time, we present the caregivers' percep-
tion of disease burden for individuals affected with SYS
and their families. It becomes apparent that symptoms
associated with the syndrome have an age-dependent
impact and that they limit the patients’ well-being and
ability to participate socially. This equally affects pri-
mary caregivers, who are also largely restricted in their
life planning.

While therapeutic options are available, they do not
sufficiently alleviate the impact of the disorder. In addi-
tion to an amelioration of the symptoms, future research
on treatment interventions should therefore also consider
aspects of daily functioning for patients and caregivers.
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