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ABSTRACT

Medical professionals frequently underestimate stress level of parents/caregivers of patients with rare disorders as RASopathies,
the latter might experience elevated stress levels, with their own health frequently overlooked despite significant responsibilities
and hurdles encountered. The aim of this study is to assess the stress experienced by parents of individuals with Noonan syn-
drome and related conditions. Forty-eight parents (20 fathers; 28 mothers), among the 31 recruited families, completed the Italian
version of the Parenting Stress Index-Short Form. Our study shows abnormally elevated scores (>85° percentile) in 35.4% of
parents. Data retrieved from subscales reveal a perception of a difficult child in 25% of cases, a dysfunctional parental-child inter-
action in 20.8%, a general parental distress in 10.4% of cases, and an elevated overall stress in 18.8% of parents. Questionnaires as
the Parenting Stress Index-Short Form are valuable tools to evaluate stress in parents/caregivers of children with RASopathies.
Evaluation by professionals is fundamental to support parents and caregivers in managing stressors and to enhance their quality
of life and relationships. To prevent stress escalation and parents’ burnout, an early assessment to tailor a timely treatment should
be introduced as soon as possible as good clinical practice.

1 | Introduction type I (NF1, OMIM #162200), Costello syndrome (CS; OMIM

#218040), and cardio-facio-cutaneous syndrome (CFCS; OMIM

RASopathies are a group of rare multisystemic neurodevelop-
mental disorders, caused by a dysregulation in the RAS/MAPK
pathway (Karnoub and Weinberg 2008; Mitin, Rossman, and
Der 2005), including one of the most extensive group of mul-
tiple congenital anomalies syndromes identified (Rauen 2022).
Among them, Noonan syndrome (NS, OMIM #PS163950),
Noonan syndrome with multiple lentigines (NSML, OMIM
#PS151100), Noonan syndrome with Loose Anagen Hair or
Mazzanti syndrome (NSLAH #PS607721), Neurofibromatosis

#115150) are rare conditions included in this family. Even
though each syndrome presents its own distinctive features,
they share several common characteristics (Rauen 2013).

NS ranks among the most prevalent genetic disorders, with
an estimated occurrence rate ranging from 1 in 1.000 to 2.500
newborns (Van Der Burgt 2007). Although autosomal recessive
inheritance has been demonstrated particularly for LZTRI and
SPRED? gene variants (Johnston et al. 2018; Motta et al. 2021;
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Pagnamenta et al. 2019; Tartaglia, Aoki, and Gelb 2022), the
condition is mainly inherited in autosomal dominant man-
ner due to germline variants in PTPN11, SOSI, SOS2, RAFI,
BRAF, RIT1, KRAS, NRAS, BRAF, LZTR1, RRAS2, and MRAS
genes (Aoki et al. 2016; Motta et al. 2019; Tartaglia, Aoki, and
Gelb 2022; Zenker et al. 2022).

Individuals with NS have a distinctive facial gestalt, variable in-
tellectual disability/developmental delay (ID/DD), psychopatho-
logical abnormalities (Perrino et al. 2018), ectodermal disorders
(Kavamura, Leoni, and Neri 2022), ophthalmologic anomalies
(Alfieri et al. 2008), cardiac issues (Leoni et al. 2022), mus-
culoskeletal issues (Stevenson, Viscogliosi, and Leoni 2022),
endocrinological anomalies (Siano et al. 2022), and cancer pre-
disposition (Ney et al. 2022).

The psychopathological aspects defining patients with NS has
been recently investigated by different researchers (McNeill
et al. 2019; Perrino et al. 2018; Roelofs et al. 2020). The most
extensive study about the topic reported the presence of a low-
to-moderate intelligence and externalizing emotional issues,
rather than specific cognitive disorders (McNeill et al. 2019).
Indeed, emotion recognition, mentalization and alexithy-
mia emerged as areas of concern in patients with NS (Roelofs
et al. 2020). It is known that difficulties in recognizing one's
own emotions and those of others may hinder emotion regu-
lation and the building and maintenance of interpersonal rela-
tionships, resulting in behavioral problems or psychopathologic
conditions (Wingbermiihle et al. 2022). Furthermore, decreased
social skills, lower levels of attention/ability in executive func-
tions, and high rates of aggression have been described (Naylor
et al. 2023).

Since the diagnosis, the required medical assistance and the
daily challenges faced by the patients and their support sys-
tem are a source of distress that might not be recognized by
physicians, as their attention is primarily focused toward
the child's clinical comorbidities and overall well-being
(Scheibner et al. 2024). Consequently, the psychological and
socio-economic needs of the family are often underestimated
and not adequately explored by care providers (Rietman
et al. 2018).

Above-average stress levels have been reported in parents of
individuals with special healthcare needs, especially in moth-
ers who are typically being more involved in caregiving and
more prone to accept their children's disabilities (De Gaetano
et al. 2022; Oelofsen and Richardson 2006; Rietman et al. 2018).

To date, only few studies evaluate the stress/dissatisfaction/
discontent/frustration of parents of individuals with NF1, CS,
CFCS, NS, and related conditions, and even less explore pos-
sible therapeutic opportunities (Esposito et al. 2014; Rietman
et al. 2018). In this settings, parent management training (PMT)
in families of children with NS has shown some benefit, leading
to a decreased stress level and improved previous dysfunctional
parent—child interactions (Montanaro et al. 2022).

The aim of the present study is to document the stress experi-
enced by parents of individuals affected by NS and NS-related
disorders through the Italian version of the Parent Stress

Index-Short Form (PSI-SF) questionnaire, analyzing the total
stress levels experienced by parents, their level of distress (re-
gardless from the child), their interaction with their child and
perception of them.

Secondarily, we aim to analyze stress levels' differences between
mothers and fathers, and the presence of any association with
the cognitive level/age of their child.

2 | Methods
2.1 | Patients and Procedure

All participants were recruited at the Centre for Rare Diseases
and Birth Defects of Policlinico Universitario Agostino Gemellj,
IRCCSin Rome. Parental stress was measured through Parenting
Stress Index-Short Form (PSI-SF) (Abidin 1995). During routine
follow-up visits at our center, all participants were informed
about the aims of this study, the instructions to complete the
questionnaires were explained, and privacy was respected.

Inclusion criteria were: (I) having a child with a clinical and mo-
lecularly confirmed diagnosis of NS, NS with lose anagen hair
(NS-LAH), or NS with multiple lentigines (NSML); (II) having a
child with an age comprised between 0 and 25years old.

Parents of young adults with NS (18-25years old) were also in-
cluded in the present study in consideration of the cognitive pro-
file of their children. The latter was assessed through one of three
standardized scales used to evaluate IQ (Baron 2005; Roid and
Koch 2017; Stroud and Green 2022). The Griffiths III, specific
for young children (0-6years old), analyzes five age-appropriate
domains: foundation of learning, language and communication,
eye, and hand coordination, personal-social-emotional, and
gross-motor skills. The Leiter III is an entirely nonverbal test,
which allows the assessment of fluid and nonverbal components
of reasoning; it is the preferred evaluation methods for individ-
uals with language disturbances, cerebral damage, or neuro-
degenerative disorders. The WISC-IV (Wechsler Intelligence
Scale for Children—Fourth Edition) is the most specific IQ test
for children (> 6years old to 16 years and 11 months), evaluating
fluid intelligence, working memory, and elaboration velocity.

Parents who did not entirely complete the PSI-SF questionnaire
were excluded from the analysis.

Data were collected from May 2022 to January 2024. The study
was approved by Local EC (ID3717) and written informed con-
sent was signed by all participants.

2.2 | Parenting Stress Index-Short Form

PSI-SF is a questionnaire created for the early identification of
the features that may compromise the normal development of
the child, as emotional and behavioral disturbances, and parents
who have a risk of living their role in a maladaptive manner. The
use of this instrument implies that parental stress is due to both
intrinsic (subjective characteristics) and extrinsic factors (ele-
ments strictly linked to the parental role). The PSI evaluates the
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stress that parents experience as the discrepancy between the
available resources and the requirements of their role. The com-
mon perception of inability and incompetence might be caused
by three aspects: the child (difficult temperament, psychopa-
thology etc.), the parents themselves (insecurities, depression,
low self-esteem, etc.), and the context (lack or formal/informal
support of the social network). In detail, the test analyses the
awareness of the parents of their stress/worries, their perception
of having a difficult child, and if they have a dysfunctional rela-
tionship with the latter.

The PSI-SF comprises 36 items graded on a 5-point Likert
scale (strongly agree—strongly disagree). It is based on a the-
orical model, which analyzes subdimensions of parental stress
through the following subscales:

« Parental distress (PD)
« Parent-child dysfunctional interaction (P-CDI)
« Difficult child (DC)

The profile comprises also a defensive response (DIF) subscale,
which assesses the level of how the individual responding to the
questionnaire gives a more favorable self-image.

Each subscale comprises 12 items with scores ranging from 12
to 60, usually reported as percentiles (Abidin 1995). A total score
(ranging from 36 to 180) is obtained by summing up the three
subscales. Scores > 80th percentile are considered elevated com-
pared with the normal range in all subscales, whereas scores
equal or superior to 90th percentile (85th for the P-CDI sub-
scale) indicate a clinically significant level of stress and should
be professionally assessed as soon as possible. Percentile scores
between 15th and 80th are considered normal in all subscales.

PD subscale (reported as age-adjusted percentile)—It defines the
level of distress that a parent is experiencing in their specific role
considering personal issues, independently of the child, the per-
ception of inadequate parental competence, stress associated to
the restriction of other vital roles, conflict with the other parent,
lack of social support.

P-CDI subscale (reported as age-adjusted percentile)—It ana-
lyzes how parents perceive the relationship and the interaction
with their child: the perception of the child who does not live up
to the expectations, not rewarding interactions, the projections
of these feelings on the child, who is considered a negative ele-
ment in their life, as also the sensation of feeling rejected and
exploited by the child, as a stranger. The higher the scores the
higher the parents’ isolation from their child.

DC subscale (reported as age-adjusted percentile)—It evaluates
some aspects of the child behavior and the perception parents
have about having a difficult child: child temperament, requir-
ing behaviors, disobedience. High results indicate that the par-
ent is experiencing troubles when facing demanding behaviors
of the child.

Total stress (reported as age-adjusted percentile)—It gives an in-
dication of the total level of stress experienced by the individual
in their parenting role.

DIF subscale—1t assesses the presence of possible bias in the an-
swers (scores < 10). In detail, scores < 10 have different interpre-
tations: the subject is trying to give a more favorable self-image,
or the parent is competent in their role and in the management
of their responsibility. The psychologist/clinicians will identify
the actual situation.

2.3 | Statistical Analysis

Baseline characteristics and outcomes were described using
median with interquartile range (IQR) values for numerical
variables, while categorical variables were presented using ab-
solute and percentage frequencies. The independent t-test or
Mann-Whitney U-test was used, as appropriate, for comparing
differences in continuous variables. The Chi-squared or Fisher's
exact test was used, as appropriate, to compare proportions in
categorical variables.

Linear regression models investigated the association be-
tween type of parent and parental stress outcomes. Multiple
linear regression models investigated the association between
children's QI and parental stress outcomes, as well as between
children's age and parental stress outcomes, adjusted for type
of parent. The results of the model analysis were expressed
in terms of Beta coefficients, along with their 95% confidence
intervals (CIs). A two-sided p-value < 0.05 was considered sta-
tistically significant.

All statistical analysis were performed using R version 4.3.2 (31
October 2023) for Windows.

3 | Results

A total of 48 parents/caregivers (28 mothers and 20 fathers) of 31
individuals were enrolled in the present study: 29 with NS and
two with NSLAH. Age in NS cohort ranged from 3.7 to 25years
old (median 14.0, IQR 7.0-19.0). Genotypes and cognitive profile
of enrolled patients are reported in Tables 1 and 2, respectively.
In the entire cohort, three individuals inherited a pathogenic
PTPNI1 variant from a parent.

Median and IQR values of percentiles were in the reference range
(15th-80th percentiles), except for the third quartile in the DC
subscale (> 80th percentile) (Table 3). Despite this, 35.4% (17/48)
of interviewed parents reported abnormally elevated scores (> 85

TABLE1 | Genotypes of the study sample.

Number of

Affected gene individuals (%)
PTPNI11 20 (64.5%)
KRAS 3(9.7%)
BRAF 1(3.2%)
SHOC?2 2(6.5%)
SOS1 4(12.9%)
LZTRI 1(3.2%)

30f8

85U8017 SUOWLIOD AIR.D 3(edl|dde ayy Aq peusenob ke sapie YO ‘8sn 0 $e|ni oy AkeiqiT8ulIUO AB]IM UO (SUORIPUOD-PUR-SLLBY WD A8 | 1M Afe.d 1 jBu[UO//SdhLf) SUORIPUOD pue SWB L 8L 88S *[9202/20/LT] Uo Ariqiaulluo Ao|im ezuedeid ‘edljoned AisieAlun Aq 600€€ d Buife/z00T 0T/I0p/wW00 A8 1w Afeid 1 jpuluo//sdny Wwolj pepeoiumod ‘Z ‘5202 XG8v2esT



percentile) in at least one subscale. In detail, total stress levels
> 85th percentile was reported in 18.8% (9/48) of parents (four
mothers, five fathers). Concerning the other subscales, elevated
percentile scores were reported in 10.4% (5/48) of individuals
(three mothers, three fathers) in the PD domain, 20.8% (10/48;
four mothers, six fathers) in PCDI, and 25% (12/48; four mothers,
eight fathers) in the DC area. A defensive response, correspond-
ing to an absolute score in the DIF subscale <10, was attributed
to 22.9% (11/48) of parents (eight mothers, three fathers).

No significant difference was detected between type of parent
and parental stress outcome (Table 3).

No association was detected between the type of parent and total
stress, PD, and PCDI subscales (Figure la—c), while a signifi-
cant association was reported in the DC percentile (p=0.044).
Fathers were associated with an average increase of 18.6 (95%
CI 0.48; 36.73) percentiles compared with mothers (Figure 1d;
Table 4).

Given the relatively lower number of patients carrying a patho-
genic variant in genes different from PTPNII, phenotype-
genotype association could not be assessed. However, a
description of the genotype of patients in association to the
number of parents experiencing high stress levels is shown in
Table 5.

No statistically significant associations were identified in the

analysis regarding the relationship between children's IQ and
percentile values for each domain of the PSI-SF. However, it was

TABLE 2 | Cognitive profile in the study sample.

Level of intellectual Number of

1Q range® disability patients (%)
<40 Severe 0(0%)
40-54 Moderate 1(3.2%)
55-69 Mild 6 (19.4%)
70-84 Lower limits of normal 11 (35.5%)
>84 Normal range 12 (38.7%)
— Missing 1(3.2%)

2IQ: intelligence quotient was measured through either Griffith, Leiter, or WISC
scale.

TABLE 3 | Median (IQR) values for each domain of the PSI-SF.

observed that parents of children's IQ scores at the lower limits
of normal (LLN) showed significantly lower scores in the DC do-
main (p=0.015) compared to peers of children in normal range
(Table S1).

No significant association was detected between the child's age
and parental stress outcome in the adjusted linear regression
analysis (p>0.05) (Table S2).

4 | Discussion

Since the diagnosis communication, the management of a
child affected by rare disorders or chronic illness has signif-
icant consequences on the psychological well-being of the
other family members, in particular on the parents/caregivers
(Naylor et al. 2023). Collaboration and active engaging of the
family is fundamental to ensure effective habilitative programs
and the consequent well-being of the individuals (De Gaetano
etal. 2022). Moreover, adjusting and adapting skills are required
throughout child's life.

Previous studies assessing parental stress level through the
PSI-SF, described higher stress levels in parents of children
with developmental disabilities compared to parents of physi-
ologically developing children (Oelofsen and Richardson 2006;
Herring et al. 2006; McStay et al. 2014; Woolfson and Grant
2006). Several factors may also contribute to worsen parental
stress, such as socio-economic status, behavioral issues, the age
of the caregiver, and the intensity of medical care needs (Herring
et al. 2006; McStay et al. 2014).

In detail, concerning RASopathies, very few studies closely
investigated parenting stress (Draucker et al. 2017; Esposito
et al. 2014; Ganetsos et al. 2020; Montanaro et al. 2022; Pierpont
and Wolford 2016; Rietman et al. 2018) (see Table S4).

In one study, mothers of children with NF1, assessed through
the PSI-SF, experienced higher stress than mothers of healthy/
nonsyndromic children, with significantly higher scores in the
difficult child subscale (Esposito et al. 2014). Another report
described high levels of maternal stress, highlighting the im-
portance of the environment in the management of NF1 during
developmental age. (Esposito et al. 2014). Interestingly, NF1
parent and family functioning was described as comparable
with control groups by other authors (Reiter-Purtill et al. 2007).

All (n=48) Fathers (n=20) Mothers (n=28) P

Total stress? 42.5(25.0; 60.0) 55.0 (43.0; 81.3) 35.0 (23.8; 56.3) 0.084
pPD? 30.0 (15.0; 55.0) 45.0 (20.0; 70.3) 25.0(10.0; 51.3) 0.121
PCDI? 52.0(35.0; 75.0) 55.0 (35.0; 95.0) 42.5(28.8;70.0) 0.179
DC? 52.5(25.0; 85.0) 72.5 (43.8; 86.3) 40.0 (20.0; 71.3) 0.054
DIF® 14.0 (11.0; 17.0) 13.5(12.0; 18.5) 14.0 (9.8;16.3) 0.482

Note: p-value <0.05 was considered statistically significant.

Abbreviations: DC: difficult child; DIF: defensive response; PCDI: parent-child dysfunctional interaction; PD: parent distress.

2Percentile.

bScore as absolute value.
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FIGURE1 | Boxplots representing percentile scores of fathers and mothers in the total stress, PD, PCDI, and DC domains.

TABLE4 | Linear models for exploring the association between type
of parent and percentile values for each domain of the PSI-SF.

Beta (95% CI) fathers
n=48 vs. mothers 4]
Total stress 14.93 (-1.75; 31.60) 0.078
PD 12.29 (—3.94; 28.51) 0.134
PCDI 11.81 (-5.51; 29.12) 0.177
DC 18.61 (0.48; 36.73) 0.0442

Abbreviations: DC: difficult child; PCDI: parent-child dysfunctional interaction;
PD: parent distress.
ap-value <0.05 was considered statistically significant.

Ganetsos et al. (2020) observed in a cohort of individuals with
Costello and cardio-facio-cutaneous syndrome that stress level
was negatively influenced by the young age of the child, the
young age of caregivers, and the greater numbers of children
to take care of in the family setting. Moreover, the expansion
and the strengthening of a social support system could decrease
stress levels, fostering more positive parenting behaviors.

Coherently, in a recent survey involving family members of in-
dividuals with NS, it was observed that parents’' concerns dimin-
ished over time, consistently with the reduction of intensity of
medical issues (Coveney and Lambert 2023).

Other studies have assessed how young people with NF1 and
their families experience a wide range of concerns and stress
related to health, quality of life, different expression of symp-
toms, and uncertainty linked to the disease course (Draucker
et al. 2017; Pierre-Louis et al. 2018).

TABLE 5 | Total number of parents (mothers-fathers) with scores
>85th percentile in total stress, PD, PCDI, and DC, associated to the
genotype of their children.

Total
Genotype stress PD PCDI DC
PTPNI1 4(2-2) 31-2)  4(2-2)  7(3-9)
KRAS 2(1-1) 1(1-0) 3(1-2) 2(1-1
BRAF 2(1-1) 1(1-0) 2(1-1)  2(1-1)
SHOC2 1(0-1) 0 1(0-1) 0
SOS1 0 0 0 1(0-1)

Abbreviations: DC: difficult child; PCDI: parent-child dysfunctional interaction;
PD: parent distress.

In the present study, we detected an elevated stress levels in at
least one domain of the PSI-SF in more than one third of in-
terviewed parents (35.4%). In detail, high total stress level was
reported in 18.8% of parents, an elevated parental distress in
10.4% (PD domain), a dysfunctional parent-child interaction
in 20.8% (PCDI domain), and a perception of having a difficult
child in 25% (DC domain). Such high scores highlight the im-
portance of routine assessment and monitoring of psycholog-
ical health and stress levels in families of individuals affected
by NS.

Furthermore, differently from what has been previously re-
ported concerning RASopathies (Ganetsos et al. 2020), in our
cohort no significant association was detected between higher
stress levels and patients' age. This finding may be due to the
milder clinical and psychopathological issues characterizing NS
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compared to other disorders of the Ras/MAPK pathway such as
Costello and cardio-facio-cutaneous syndrome.

We have found a significant association between cognitive pro-
file and DC domain’s scores. High scores in such subscale sug-
gest the need of a psychological evaluation in order to provide a
personalized educational plan and to improve outcomes of par-
ents and children.

A comparison between the stress levels in interviewed caregiv-
ers has been also performed in our study, detecting a significant
higher stress level in the DC domain in mothers compared with
fathers. We speculate this may be due to several factors, such as
the lower number of fathers investigated compared with moth-
ers as well as the stronger impact of children care-management
on mothers' life compared with fathers.

As stated by Hassall, Rose, and McDonald (2005) about children
with intellectual impairment, we speculate that another factor
influencing parental stress in RASopathies might be the sever-
ity of behavioral disorders. Anyway, given the relatively mild
nature of behavioral disturbances in individuals with NS com-
pared with other RASopathies (e.g., CS, CFCS), future studies
comparing PSI-SF scores among parents of individuals with dif-
ferent RASopathies will be necessary.

Recently, the positive effects of PMT have been evaluated in a
small cohort of parents of young children with NS through ques-
tionnaires as the PSI-SF. Improvements in the PSI-SF PCDI, DC,
and total stress subscales were observed after PMT, especially in
mothers, who were referred as feeling more discouraged before
the intervention (Montanaro et al. 2022).

Preventing or addressing parental distress is of paramount im-
portance as it affects not only parents’ health but also that of
their children. This is true for NS and related conditions, as also
for RASopathies and in general for other rare disorders.

Given the availability of numerous nonpharmacological treatment
strategies (e.g., cognitive behavioral therapy, PMT, support groups,
and family support services) to support caregivers of children with
RASopathies and other rare conditions dealing with stress, it is
of utmost importance to introduce psychological screening pro-
grams aiming at an early detection and management of stress level
in these vulnerable families (Lancaster et al. 2023).

Our preliminary data suggest that further studies evaluating pa-
rental stress and mental health concerns will be essential to un-
derstand which specific treatment strategy might offer greater
impact for each RASopathy condition.

4.1 | Study Limitations

This study has potential limitations. Currently, there is a pau-
city of data validating the use of the PSI-SF in rare disorders.
Furthermore, as most NS patients in the examined cohort carry
a PTPNI11 mutation, no genotype-phenotype correlation could
be assessed. Moreover, the sample size is limited due to the rar-
ity of the syndrome. Finally, it was not possible to collect ques-
tionnaires from both parents in the whole cohort.

5 | Conclusion

Results from PSI-SF in our cohort of parents/caregiver of NS
patient showed elevated scores in at least one of the PSI-SF
areas in 35.4% of recruited individuals, with high total stress
levels observed in 18.8%. Such findings support the importance
of early evaluation to promptly implement treatment strategies
to prevent caregiver burnout and related health issues.

Questionnaires, like the PSI-SF in our case, are valuable
screening instruments to assess stress in parents of children
with RASopathies and rare disorder. Our data will need fur-
ther validation with future studies investigating both cog-
nitive, psychopathological and adaptive profile in patients
with NS.

Longitudinal evaluation by professionals remains crucial for
accurately characterizing the condition and intervening in the
earliest occasion.
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