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Abstract Noonan syndrome (NS) is a relatively common ge-
netic syndrome with variable features including short stature,
congenital heart disease, distinctive facial characteristics, skel-
etal anomalies, and varying degrees of developmental delay.
NS is caused by gene mutations in a cellular signaling pathway
that is essential for typical growth and development. Research
in the past few decades has revealed that individuals with NS
have highly variable neurocognitive and behavioral outcomes.
To a certain extent, variability in cognitive functioning depends
on the particular gene where a mutation is found; additionally,
factors related to medical severity and environmental effects
contribute substantially to outcomes. This article contains a
systematic review of research on neuropsychological features
of NS, including cognition, motor development, language,
memory, attention, visual perception, adaptive behavior, social
skills, and mental health concerns. Given the wide variety of
possible cognitive and behavioral complications associated
with NS, it is recommended that clinical neuropsychological
evaluation of cognitive, adaptive, and psychological domains
of functioning should be standard of care for all individuals
with NS. Suggested considerations for assessment of individ-
uals with NS are provided. The paper concludes with recom-
mendations for educational and therapeutic interventions, as
well as suggestions for future research directions.
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Introduction

Noonan syndrome (NS) is a genetic condition that was initially
described by Dr. Jacqueline Noonan in 1963 (Noonan and
Ehmke 1963). NS is equally common in males and females.
The syndrome can either be inherited from an affected parent or
can occur spontaneously due to a random gene mutation. Al-
though there have not been any systematic epidemiological
studies on NS, this condition has been estimated to occur in
approximately 1:1,000 to 1:2,500 live births (Mendez and
Opitz 1985). Clinically, NS is associated with craniofacial char-
acteristics including widely spaced eyes, ptosis, low set ears,
low posterior hairline, and webbed neck (Sharland et al. 1992).
Cardiovascular abnormalities are seen in >80 % of individuals,
with pulmonary valve stenosis, hypertrophic cardiomyopathy,
and atrial septal defect occurring most frequently (Roberts et al.
2013). Individuals with NS are at increased risk for feeding and
gastrointestinal problems, growth and endocrine disorders, de-
layed puberty, hematologic symptoms, chest deformity, scolio-
sis, and chronic pain, among other features (Romano et al.
2010; Smpokou et al. 2012). Hearing and visual concerns are
also common (Qiu et al. 1998; Alfieri et al. 2008). Comprehen-
sive reviews of medical features in NS were recently published
by Romano et al. (2010) and Roberts et al. (2013). A consensus
statement on clinical management guidelines is available online
(Noonan Syndrome Guideline Development Group 2010).

A growing body of research reveals that neuropsychologi-
cal impairments are quite common in NS (Wingbermühle
et al. 2009). Indeed, for individuals who do not experience
significant medical complications, concerns related to cogni-
tive, social, or behavioral functioning could be the most sig-
nificant component of having NS affecting their lives. There-
fore, understanding how neuropsychological features impact
patient outcomes and well-being is critical to providing qual-
ity health care for individuals with NS.
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The purpose of the current paper is to provide an up-to-date
review of the literature on neurocognitive and behavioral func-
tioning in individuals with NS and to discuss the implications
of these findings for clinical assessment practices. The paper
begins with a brief overview of the molecular genetic basis of
NS as well as a review of known neurological features, in order
to provide the reader with a basic understanding of how bio-
logical mechanisms contribute to this unique disorder. Next, a
comprehensive literature review is presented, covering each of
the major domains of neuropsychological functioning. This
review is followed by a section describing suggested consider-
ations for neuropsychological assessment of individuals with
NS. Recommendations for educational support and treatment
of neuropsychological concerns are also offered. Although
there have not yet been any clinical trials in NS targeting
neurocognitive endpoints, there are a number of recommenda-
tions that can be formulated based on what is known about the
medical and behavioral phenotype in NS and empirically sup-
ported interventions for individuals with similar conditions.
Finally, proposals for future research directions are reviewed.

Molecular Genetic Basis of Noonan Syndrome: a Brief
Overview

NS belongs to a family of related genetic syndromes that are
referred to as the “RASopathies.” This term was derived be-
cause each of the RASopathy syndromes is caused by gene
mutations that result in dysregulated activity of “Ras” proteins
or related molecules. Ras proteins are important for normal
functioning of cells throughout the body (Rauen 2013). These
proteins operate within a cellular signaling pathway known as
the Ras mitogen-activated protein kinase (MAPK) signaling
pathway. This signal transduction pathway plays an essential
role in embryonic and postnatal development. NS is caused by
germline mutations in one of several genes that encode protein
components or regulators within the RAS-MAPK pathway
(Tartaglia et al. 2011; Aoki et al. 2013). Notably, gene muta-
tions affecting other components of the RAS-MAPK pathway
are known to cause several related genetic disorders, including
neurofibromatosis type 1 (NF1), Legius syndrome, Costello
syndrome, and cardiofaciocutaneous (CFC) syndrome. Due to
a shared mechanism of dysregulation in the RAS-MAPK sig-
naling pathway, these conditions have overlapping clinical
features. The various genes that are associated with each of
the RASopathies are listed in Table 1, along with the chromo-
some where each gene is located.

Although the different gene mutations that cause NS tend to
result in similar sets of clinical features, a few specific variants
have been associated with unique “Noonan-like” phenotypes.
One variant causes a specific pattern of features that includes
freckle-like skin markings (“lentigines”) and is referred to as
Noonan syndrome with multiple lentigines (NSML; formerly
known as LEOPARD syndrome). This disorder is allelic to NS

and caused by specific mutations in the same genes, specifi-
cally in PTPN11 or RAF1 (Rauen 2013). Another variant is
caused by mutations in the SHOC2 gene and results in a
phenotype that has been described by the term Noonan-like
syndrome with loose anagen hair (NS/LAG) (Cordeddu et al.
2009). The fact that different RASopathy genes can be asso-
ciated with multiple disorders, or with a unique presentation
of a disorder, underscores the complexity of the molecular
genetic basis of NS. Indeed, the clinical presentation of NS
and related disorders can vary widely across generations
within a family (Bertola et al. 2004) and can also change
considerably across an individual’s lifespan. These findings
suggest that a great deal of the variability in how a person
expresses a RASopathy syndrome depends on factors other
than the individual’s specific genotype.

Neurological Features

Neurological conditions can occur in NS but are not a princi-
pal feature. Seizure disorders have been reported to occur in
10–13 % of affected individuals (Shaw et al. 2007). Multiple
subtypes of seizures are possible, including generalized sei-
zures, temporal lobe epilepsy, and febrile seizures (Sharland
et al. 1992). Although craniofacial characteristics are associ-
ated with NS (e.g., widely spaced eyes, ptosis, triangular
shaped face, low set ears, low hairline), the available research
suggests that significant structural brain abnormalities are rare.
Several case studies have reported an association between NS
and Chiari I malformations. Chiari I malformations are a brain
anomaly involving the inferior displacement and herniation of
the cerebellar tonsils through the foramen magnum into the
cervical canal. In studies of adults with NS, Chiari I malfor-
mation has been self-reported in 4–20 % of participants
(Smpokou et al. 2012; Noonan 2005). However, reliable sta-
tistics from imaging data are not available to convincingly
determine whether individuals with NS are at heightened risk
for Chiari I anomalies or whether this association is coinci-
dental (Keh et al. 2013). Hydrocephalus has also been de-
scribed in NS, as well as a few isolated reports of structural
cerebrovascular abnormalities, including cerebral arteriove-
nous malformations, cerebral cavernous malformations, aneu-
rysms, and moyamoya disease (Zarate et al. 2013). For the
most part, the data have been too limited to determine whether
brain abnormalities can be linked to specific gene mutations in
NS. As an exception, one study reported a distinct pattern of
neuroanatomical abnormalities found in imaging studies of a
few children with SHOC2 gene mutations, which included
relative megalencephaly, mildly enlarged subarachnoid
spaces, and small posterior fossa (Gripp et al. 2013). Overall,
given the absence of obvious neuroanatomical findings in
most individuals with NS, it appears unlikely that the neuro-
psychological impairments described below can be fully ex-
plained by major structural cerebral anomalies.
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Materials and Methods

Literature Review

This comprehensive review encompasses all peer-reviewed
empirical group studies from the past 25 years reporting on
neuropsychological and behavioral functioning of individuals
with Noonan syndrome. Studies were identified through
searches within the PsycINFO and PubMed databases using
the term Noonan syndrome combined with the following
search terms: cognition, memory, visual, attention, motor,
adaptive, behavior, emotion, social, autism, and quality of life.
Full-text manuscripts were obtained for relevant abstracts and
reviewed by the author. Reference sections of all articles were
also reviewed to identify additional studies. Searches were
limited to English language articles published between the
years 1991 and 2015. Articles were excluded if they were
not peer-reviewed group studies describing more than three
patients. Table 2 includes the 19 publications that were iden-
tified which met the inclusion criteria. Although the majority
of published studies on NS have examined neuropsychologi-
cal functioning in children and adolescents, studies of adults
with NS were also included to provide lifespan developmental
context. Additionally, information from case study reports is
mentioned within the review where appropriate to provide
insights for which minimal data is otherwise available.

Intellectual Functioning

When large group comparisons are reported, intellectual abil-
ities in children with Noonan syndrome tend to be mildly
lowered as compared to unaffected children. The percentage
of individuals with NS scoring in the IQ range associated with
intellectual disability (IQ<70) varies from 6 to 23 % across

studies (van der Burgt et al. 1999; Pierpont et al. 2015),
representing an increased risk relative to the general popula-
tion. Despite this increased risk, the majority of people with
NS have intellectual functioning within the average range
(Pierpont et al. 2009;Wingbermühle et al. 2012b). It is notable
that more recent studies report somewhat higher IQ estimates
(Table 3). One possible explanation for this finding is that
individuals with other RASopathy syndromes similar to NS
could have been included in the earlier studies, thus contrib-
uting to lower overall IQ among the participants. As more
comprehensive genetic testing for NS and other RASopathies
has become available, better diagnostic precision among re-
search samples has been possible. Regarding gender compar-
isons, larger studies have generally failed to find differences in
intellectual functioning between boys and girls with NS (e.g.,
Pierpont et al. 2009).

Published studies do not suggest a clear pattern with regard to
intellectual strengths and weaknesses in NS, although many in-
dividuals do show significant discrepancies across domains.
Some studies have reported that children with NS have stronger
verbal reasoning abilities relative to nonverbal reasoning abilities
(Pierpont et al. 2009; van der Burgt et al. 1999), whereas other
studies have found the opposite pattern (D. A. Lee et al. 2005) or
no significant difference between these domains (Pierpont et al.
2015). Variation in the measures used or the age range studied
(see Table 3) could potentially contribute to differences in the
overall cognitive profile reported in various studies. Regardless
of these measurement issues, it is clear that the cognitive pheno-
type is not consistent across individuals, highlighting the fact that
relative strengths and weaknesses in intellectual functioning
must be independently assessed for any given child.

All of the published studies involving children with NS
have reported that affected individuals score lower than nor-
mative samples (or a sibling comparison group) on tests of

Table 1 Gene mutations
associated with the
“RASopathies,” including
Noonan syndrome and related
disorders

Gene Chromosome Associated RASopathy condition(s)

BRAFa 7 CFC syndrome

CBL 11 Noonan syndrome

HRAS 11 Costello syndrome

KRAS 12 CFC syndrome; Noonan syndrome

MAP2K1a 15 CFC syndrome

MAP2K2a 19 CFC syndrome

NF1 17 Neurofibromatosis type 1

NRAS 1 Noonan syndrome

PTPN11 12 Noonan syndrome; Noonan syndrome with multiple lentigines

RAF1 3 Noonan syndrome; Noonan syndrome with multiple lentigines

RIT1 1 Noonan syndrome

SHOC2 10 Noonan-like syndrome with loose anagen hair

SOS1 2 Noonan syndrome

SPRED1 15 Legius syndrome

a These genes may also be associated with a Noonan syndrome phenotype in rare cases
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intellectual ability. In contrast, there is some evidence to sug-
gest that adults with NS may have less marked intellectual
deficits. Wingbermühle et al. (2012a) reported no significant
difference in full-scale IQ between a group of adult partici-
pants with NS and community control participants matched
for age, gender, and education level. The authors noted that
while the adults with NS in their cohort showed impaired
performance compared with normative data, these norms did
not adjust for levels of educational attainment and therefore
may overestimate cognitive deficits in NS. The only intellec-
tual subdomain in which a significant difference was found
between the adults with NS, and the comparison group was in
speed of information processing, which was significantly
slower in the NS group. Slowed processing speed has been

linked to a broad range of developmental disorders, including
individuals with learning disabilities, attention problems, and
mood/behavioral disorders (Willcutt et al. 2008). In both
adults and children, speed of information processing is asso-
ciated with maturation and structural organization of white
matter tracts in the brain (Scantlebury et al. 2014). Processing
speed could also be impacted by some medications which are
taken by a minority of NS patients (e.g., seizure medication,
chemotherapy drugs, pain relievers), although data related to
historical or current medication use has not been reported
alongside neurocognitive outcomes.

Theoretically, a large number of factors may contribute to the
intellectual impairments that are seen in some individuals with
NS. These include neurobiological risk factors arising from

Table 2 Published research studies of neuropsychological functioning in individuals with Noonan syndrome

Publication n Age range (years) Domains assessed

van der Burgt et al. (1999) 35 7–18 Intellectual

Lee et al. (2005) 48 4–16 Intellectual, motor, social–emotional

Pierpont et al. (2009) 65 4–18 Intellectual, motor

Cesarini et al. (2009) 29a <1–35 Intellectual

Wingbermühle et al. (2012a) 42 16–61 Intellectual, visual processing, memory, executive function

Pierpont et al. (2015) 32 6–16 Intellectual, attention, executive function, social–emotional

Alfieri et al. (2008) 24 4–36 Visual processing

Alfieri et al. (2011a) 18 4–17 Visual processing, motor

Pierpont et al. (2010a) 66 4–18 Speech, language, academic

Alfieri et al. (2011b) 20a 5–11 Memory

Pierpont et al. (2013) 29 6–16 Memory

Wood et al. (1995) 21 2–16 Social–emotional

Sarimski et al. (2000) 26 1–17 Social–emotional

Verhoeven et al. (2008) 10 16–59 Social–emotional, quality of life

Wingbermühle et al. (2012b) 40 16–61 Social–emotional

Alfieri et al. (2014) 48a 2–21 Social–emotional, autism spectrum traits

Adviento et al. (2014) 52 1–73 Autism spectrum traits, adaptive functioning

Pierpont et al. (2010b) 67 1–24 Adaptive functioning

Binder et al. (2012) 45 25–57 Quality of life

a Sample includes some patients diagnosed with Noonan-like disorders (NSML or NS/LAH)

Table 3 Measures used to investigate intellectual functioning in individuals with NS

Publication IQ mean (SD) Assessments

van der Burgt et al. (1999) 86.1 (20.4) Ages 7–18: WISC-R, Dutch Version (van der Steene et al. 1986)

Lee et al. (2005) 84.0 (21.4) Ages 4–6: WPPSI-R (Wechsler 1989)
Ages 7–16: WISC-R (Wechsler 1974)

Pierpont et al. (2009) 86.2 (18.4) Ages 4–18: DAS (Elliott 1990)

Cesarini et al. (2009) N/Aa Ages 0–4: Griffiths Mental Development Scales (Griffiths and Huntley 1996)
Ages 4–35: WPPSI, WISC or WAIS (Italian Version, various editions)

Wingbermühle et al. (2012a) 92.2 (14.7) Ages 16–61: WAIS-III (Wechsler 1997)

Pierpont et al. (2015) 92.9 (14.6) Ages 6–16: WASI (Wechsler 1999)

aMeans were reported for participant groups with specific gene mutations but not for the full sample
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altered Ras signaling, as well as medical factors associated with
the syndrome (e.g., congenital heart disease, perinatal risk fac-
tors, slowed growth and nutrition, poor energy/fatigue, hearing
loss). In terms of medical predictors, van der Burgt et al. (1999)
reported that children with a more severe physical expression of
NS tended to have less favorable cognitive outcomes. In this
study, children with a greater number of physical characteristics
(based on a clinical severity rating involving facial features,
heart disease, short stature, and chest wall abnormalities) had
significantly lower verbal IQ and fluid reasoning as compared to
those exhibiting fewer physical criteria. With respect to cardiac
risk, Pierpont et al. (2009) did not find a significant association
between heart disease severity ratings and verbal or nonverbal
cognitive abilities in a relatively large sample of children with
NS. While congenital heart disease is known to confer risk for
neurocognitive deficits, intellectual impairments are most fre-
quently seen for cyanotic conditions or those requiring open
heart surgery in the neonatal period (Marino et al. 2012), which
occur in a relatively small percentage of children with NS
(Colquitt and Noonan 2014). For individuals with NSwho have
more severe cardiac conditions requiring surgery, no studies
have examined whether specific operative or postoperative fac-
tors may give rise to differences in cognition or behavior. Ad-
ditionally, no studies have directly examinedwhether nutritional
or growth factors are associated with cognitive abilities in NS.
Regarding sensory functions, one study reported that hearing
loss in NS was associated with greater impairments on verbal
reasoning tasks (Pierpont et al. 2009). Hearing loss is more
common in children with NS than in the general population
(Qiu et al. 1998), and many individuals experience frequent
ear infections in childhood (Sharland et al. 1992).

Motor Development

Development of fine and gross motor skills can be significantly
delayed inNS, especially during infancy and preschool years. It
is likely that some degree of motor delay can be ascribed to
health-related features of NS that affect physical development,
which include hypotonia (weak muscle tone), failure to thrive,
congenital heart disease, and skeletal anomalies (Tartaglia et al.
2011). Regarding developmental milestones, a large natural
history study reported that the average age at which children
with NS are able to sit unsupported is around 10 months, and
average age for first walking is 21 months (Sharland et al.
1992). In a study involving caregiver report of adaptive func-
tioning, children with NS ages 1–6 years were found to have
greater delays in motor skills relative to communication and
social skills (Pierpont et al. 2010b). Gross motor skills were
more significantly delayed than fine motor skills.

Motor skills continue to be affected throughout childhood
and adolescence. Lee et al. (2005) administered a motor and
manual skills test battery to a set of school-aged children with
NS and reported that 51 % of the sample scored in the range

indicating presence of developmental coordination disorder.
In another study of school-aged children, 75 % performed in
the impaired range on a motor assessment battery which mea-
sured manual dexterity, ball skills, and balance (Alfieri et al.
2011a). Pierpont et al. (2009) reported that manual motor
speed and dexterity was severely impaired (>2 SD below the
mean) in 34 % and below average (>1 SD below the mean) in
72 % of preschool and school-aged children with NS who
were assessed using the Purdue Pegboard test (Tiffen 1968).
In this study, manual dexterity was found to be significantly
correlated with both verbal and nonverbal intellectual func-
tioning. Taken together, these studies suggest that coordina-
tion and fine motor problemsmay be one of the most common
neuropsychological deficits among individuals with NS and
that performance on motor and cognitive tasks is interrelated.

Visual Processing

Problems with visual perception and processing appear to be
common in NS, although few studies have examined these
abilities independent of motor ability. NS is associated with
a number of ocular anomalies. These include external features
(e.g., ptosis, widely spaced eyes, downward-slanting palpe-
bral fissures) as well as conditions like strabismus and nystag-
mus (Marin et al. 2012). Refractory errors affect about 2/3 of
individuals with NS (Lee et al. 1992). Alfieri et al. (2008)
administered examinations of visual function to 24 individuals
with NS or NSML and reported abnormal results on 83 % of
the tests involving ocular movements, acuity, and stereopsis.
Another study assessed school-aged children with NS using
computerized tests of visual processing abilities involving
form and motion coherence (Alfieri et al. 2011a). Children
with NS performed significantly worse on tests of form coher-
ence (39 % impaired) relative to motion coherence (11 %
impaired). With regard to the neural basis of this finding, the
authors suggested that children with NS may have greater
difficulties with ventral stream processing (“what” pathway
used for object identification) compared with dorsal stream
processing (“where” pathway used for spatial processing).

A few studies have examined visual–motor integration
skills in children with NS. One study reported that 33 % of
children with NS or NSML had significant impairment, and
48 % had minor impairment on a standard visual–motor inte-
gration task requiring the examinee to copy a set of increas-
ingly complex geometric shapes (Alfieri et al. 2008). In this
study, it was not possible to determine whether the impaired
performance of some children was related to difficulties with
visual perception, motor impairment, or a combination of
these skills. In adults with NS, visual–motor integration was
assessed using the copy trial of the Rey-Osterreith Complex
Figure Test (Rey 1941). Adults with NS performed equiva-
lently on this task to adults in a comparison group
(Wingbermühle et al. 2012b).
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Speech and Language

In terms of speech and language milestones in young children
with NS, average age at first word has been reported to be
around 15 months (Pierpont et al. 2010b), with simple two-
word phrases emerging around 31–32 months (Sharland et al.
1992; Sarimski 2000). Significant feeding difficulties affect
about 75 % of children with NS (e.g., poor suck/swallow,
gagging, reflux, recurrent vomiting, food refusal, and intesti-
nal dysmotility) and often generate referrals to a speech-
language pathologist or feeding specialist (Shah et al. 1999;
Romano et al. 2010). Parent reports of adaptive functioning
indicate that expressive language skills tend to develop more
slowly than receptive language skills in infants and preschool
children with NS (Pierpont et al. 2010b). A majority of chil-
dren with NS (70 %) receive speech/language therapy, and
about half (48 %) use simplified sign language as a means
of communication or as a supplement to speech at some point
in development (Pierpont et al. 2010a).

Communication skills of school-aged individuals with NS
were investigated by Pierpont et al. (2010a), who completed
extensive speech and language evaluations in a large group of
children and adolescents. Performance on standardized lan-
guage assessments was lower than expected based on norma-
tive data, with 30 % of participants showing evidence of lan-
guage impairment (i.e., scoring <10th percentile in receptive
and/or expressive language ability). Articulation impairment
was evident among 20 % of the children and was found to be
modestly correlated with language ability. This study identi-
fied several cognitive factors that were associated with lan-
guage development in NS. Measures of nonverbal intellectual
functioning and phonological memory emerged as the stron-
gest predictors of language competence. Additionally, chil-
dren who passed an audiological screening also scored higher
on tests of language and articulation than those who had ab-
normal audiological test results, suggesting that hearing loss
or poor auditory processing may be important risk factors
affecting speech-language development in children with NS.

Problems with language development appear to be asso-
ciated with delayed development of academic skills in chil-
dren with NS. Reading and spelling skills have been reported
to be strongly correlated with both language ability, phono-
logical memory, and nonverbal cognitive ability in this pop-
ulation (Pierpont et al. 2010a). Preliminary evidence also
suggests that social aspects of language may be affected in
NS. In the study by Pierpont et al. (2010a), 60 % of children
with NS were rated as having probable pragmatic language
impairments based on parent ratings on a standardized mea-
sure. Notably, male participants were significantly more like-
ly to have pragmatic language deficits than female partici-
pants. Studies employing direct assessment of pragmatic lan-
guage and social communication in individuals with NS are
greatly needed.

Memory

Memory formation and consolidation has become an area of
particular interest in the field of RASopathies research. Mol-
ecules in the RAS-MAPK pathway are known to be essential
for regulating brain plasticity, including processes necessary
for memory stability (Davis and Laroche 2006). Animal
models have demonstrated that mutations mimicking those
in NS result in deficits in long-term memory formation in
the hippocampus or analogous regions and are associated with
learning deficits (Pagani et al. 2009; Lee et al. 2014). As a
result, there has been increased attention in trying to under-
stand whether learning deficits may be reversed or attenuated
using pharmacological treatments or alternative learning
methods that capitalize on our understanding of the mecha-
nisms interfering with memory encoding and consolidation.

A handful of studies have examined specific learning and
memory processes in people with NS. Alfieri et al. (2011b)
reported that 50 % of a cohort of children with genetically
confirmed NS demonstrated impaired performance on a verbal
free recall task, whereas only 5–20 % demonstrated impair-
ments on visual and spatial recognitionmemory tasks. Although
results of this study suggest that some aspects of memory may
be disproportionately affected in NS, it is unclear from this data
whether deficits on the verbal task were due to the retrieval (i.e.,
free recall) demands or the verbal nature of the task. In a study
by Pierpont et al. (2013), children with NS were administered
tests of verbal, visual, andworkingmemory from a standardized
memory battery (WRAML-2; Sheslow and Adams 2003). Re-
sults indicated a relative strength on verbal memory tasks com-
pared with visual memory and working memory tasks.
Furthermore, within the verbal tasks, a significant advantage
was seen in delayed recognition memory relative to delayed
recall memory. These results are consistent with the finding
from Alfieri et al. (2011b) that verbal free recall tasks that de-
pend heavily on prefrontal–hippocampal networks are more
challenging for children with NS than recognition tasks that rely
on more distributed temporal cortical regions. Interestingly,
Wingbermühle et al. (2012b) did not find significant deficits
among adults with NS as compared to a comparison group with
respect to verbal delayed recall on a list-learning task or delayed
visual recall as measured by the Rey-Osterreith Complex
Figure Test (Rey 1941). This finding suggests that memory
problems may not be evident in adulthood, at least not relative
to individuals with equivalent education levels. It is also possi-
ble that adults with NS may be more apt to use compensatory
strategies to overcome learning and memory deficits.

Attention and Executive Functioning

Emerging research suggests that problems with attention and
related functions are likely to be one of the most common
neuropsychological impairments in children with NS, as has
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been found to be the case in other RASopathies such as NF1
(e.g., Isenberg et al. 2012; Payne et al. 2011; Galasso et al.
2014). Earlier studies using parent report measures such as
the Child Behavior Checklist have noted children with NS
showed greater difficulties related to attention and hyperactivity
relative to comparison groups or normative data, although sta-
tistically significant differences were not always reported (van
der Burgt et al. 1999; Wood et al. 1995; D. A. Lee et al. 2005;
Sarimski 2000; Alfieri et al. 2014). More recently, Pierpont
et al. (2015) compared a cohort of children with NS with a
sibling comparison group on a range of measures examining
attention skills. Relative to their unaffected siblings, children
with Noonan syndrome had higher rates of past ADHD diag-
nosis (31 %). Additionally, parent ratings of ADHD symptoms
were significantly higher in the children with NS when using
both DSM criteria-based and broadband behavior scales. On
direct behavioral measures assessing auditory attention,
sustained attention, and response inhibition, children with NS
showed significant impairments compared with unaffected sib-
lings on all three measures. Attention regulation skills were
more strongly correlated with intellectual test performance
(WASI Full Scale IQ) in the Noonan syndrome group than
the comparison group. This finding suggests that lower IQ
may be a risk factor for attention difficulties in children with
NS. Alternatively, it is also possible that ADHD symptoms
could interfere with the ability of some children with NS to
learn and retain information and/or to demonstrate their cogni-
tive capacities in educational or testing environments.

A high rate of ADHD symptoms in NS is suggestive of
possible neurodevelopmental differences in frontal lobe–subcor-
tical circuitry, a conceptualization which is supported by studies
of other RASopathies. Some research has indicated that Ras
proteins (which are abnormally activated in these syndromes)
may regulate interneuronal activity in prefrontal and striatal net-
works (Shilyansky et al. 2010a). These regions of the brain are
known to be critical for a number of higher-order cognitive pro-
cesses such as working memory, response inhibition, and cogni-
tive flexibility (Powell and Voeller 2004). Working memory
abilities are known to be an area of weakness for children with
other RASopathies, most notably NF1 (Rowbotham et al. 2009;
Shilyansky et al. 2010a). In line with this finding, Pierpont et al.
(2013) reported that children with NS had weaker performance
on a test assessing auditory and visual working memory than
normative data, with 34 % showing significant impairment. In
contrast, one study reported that adults with NS did not exhibit
significant deficits on auditory workingmemory tasks (e.g., digit
span) or other executive functioning tasks (e.g., Tower of Lon-
don, Stroop Color Word Interference) relative to a comparison
group (Wingbermühle et al. 2012b).

Results from questionnaire measures reveal that individ-
uals with NS show functional deficits with everyday tasks that
depend on executive functioning. Parent ratings indicate that
children and adolescents with NS show markedly worse

performance on tasks requiring working memory (e.g., forget-
ting steps within a task, having trouble concentrating on
chores and activities) and self-monitoring (e.g., being unaware
of how a behavior affects others, not checking work for mis-
takes, having a poor understanding one’s own strengths/weak-
nesses) compared with unaffected children (Pierpont et al.
2015). Similarly, adults with NS have reported significantly
higher rates of subjective executive functioning problems than
control participants when assessed using self-report ratings
(Wingbermühle et al. 2012b). Additional research is needed
to determine whether and how functioning and maturation of
the frontal lobes and connected brain regions that underlie
higher-order cognitive organization may differ in individuals
with NS compared with the general population.

Social Functioning

Aside from attention problems, another area in which clinically
significant difficulties are consistently found on standardized
behavioral checklists is social skills competence (Pierpont et al.
2015; Alfieri et al. 2014; Wood et al. 1995; van der Burgt et al.
1999). Individuals with NS have been described as having
tendencies toward social immaturity, reduced interaction with
peers, and diminished insight in social situations
(Wingbermühle et al. 2009; Sarimski 2000), although many
of these characteristics have not been examined in depth. With
respect to social cognitive processing, no studies have directly
investigated whether children with NS have impairments on
behavioral tasks assessing emotion perception, social attribu-
tion of meaning, or other aspects of social cognition. One study
examined social affective processing in adults with NS.
Wingbermühle et al. (2012a) reported that adults with NS per-
formed more poorly than unaffected individuals on a task
assessing perception and labeling of emotional facial expres-
sions, although the effect size was small and no differences
were found in the perception of any specific emotions. On
questionnaire measures, adults with NS in this study also self-
reported greater problems in processing emotional states.
Follow-up analyses indicated that differences between adults
with NS and controls were driven primarily by reported differ-
ences in ability to identify and communicate about emotional
states (i.e., “alexithymia”) rather than by differences in the con-
scious experience of emotion-based arousal. With regard to the
ability to take attribute mental states to self and others and
engage in perspective-taking (“theory of mind”), research has
shown no differences between adults with NS and unaffected
adults (Wingbermühle et al. 2012a). Taken together, these find-
ings suggest that mild or moderate impairments in social–emo-
tional processing or communication may occur in NS, but the
cognitive basis of these difficulties is as of yet unclear.

It has been suggested that one factor that could potentially
impact social development and relatedness of individuals with
NS is the experience of teasing or bullying (Verhoeven et al.
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2008). Noonan (2005) surveyed a set of adult patients with
NS, many of whom indicated that they were often teased as
children because they had short stature or looked different
from their peers. Unfortunately, the prevalence and severity
of peer victimization among children with NS has not yet been
systematically assessed. Possible effects of repeated peer vic-
timization on psychological adjustment include depressed
mood, interpersonal difficulties (e.g., social anxiety, social
skills deficits, and loneliness), and academic problems (Storch
and Ledley 2005). In individuals with NS, reactions to
teasing/bullying could manifest as reduced comfort in social
situations rather than overt social avoidance. Indeed,
Wingbermühle et al. (2012a) found that adults with NS report-
ed higher levels of distress related to interpersonal interactions
than unaffected adults.

Autism Spectrum Disorder

At present, there is some evidence suggesting that children
with NS and Noonan-like conditions are at heightened risk
for autism spectrum disorder (ASD) relative to the general
population, although the available research has relied on
screening measures rather than comprehensive diagnostic as-
sessments. One study by Alfieri et al. (2014) analyzed data
from standardized parent report checklist measures, including
the Social Communication Questionnaire (SCQ; Rutter et al.
2003) and the Modified Checklist for Autism in Toddlers (M-
CHAT; Robins et al. 2001). An elevated level of ASD symp-
toms (relative to a conventional cutoff score maximizing sen-
sitivity and specificity to ASD) was reported among 12 % of
children with NS and 25 % of children with NSML. When
evaluated clinically using DSM-IV-TR (American Psychiatric
Association 2000) criteria, none of these children were found
to meet diagnostic criteria for ASD. In another study by
Adviento et al. (2014), 21 % of participants with NS showed
elevated ASD symptoms on the SCQ screening measure,
which was significantly different than the rate of elevated
scores found in a sibling comparison group (0 %). Scores on
the Social Responsiveness Scale (SRS; Constantino and
Gruber 2005), another screening measure of ASD symptoms,
were also significantly higher in the NS group than the sibling
group. In-depth diagnostic testing using gold standard assess-
ment of ASD was completed for one participant with NS in
this study, who was not found to meet ASD criteria. Taken
together, results of these studies suggest that although charac-
teristics of ASD may be relatively common in NS, the vast
majority of children will not meet full diagnostic criteria for
the condition. Further research is needed to determine whether
the heightened prevalence of autistic features in NS arises
primarily from the intellectual, communication, and sensory
impairments that are common in NS or whether these behav-
iors are associated with more pervasive deficits in social rec-
iprocity or social cognition.

Psychopathology/Mental Health

While long-term follow-up studies of adults suggest the possibil-
ity that mood and anxiety disorders may be frequently comorbid
with NS, this observation has not yet been verified with
controlled studies. Noonan (2005) reported that 23 % of adults
with NS self-reported having been diagnosed with depression
and taking antidepressant medication. In another study, 49 % of
adult patients self-reported having been diagnosed and treated for
depression and/or anxiety (Smpokou et al. 2012). In contrast to
these findings, studies using standardized symptoms checklists
have not found a significant difference in anxiety and depression
symptoms in adults with NS compared with unaffected adults
(Wingbermühle et al. 2012a). Similarly, most studies have found
no differences in parent-reported levels of depression/anxiety
symptoms between children with NS compared with typically
developing children (Pierpont et al. 2015; Wood et al. 1995; van
der Burgt et al. 1999), although Alfieri et al. (2014) reported a
32 % rate of clinically elevated depression/anxiety symptoms in
their sample of children with NS. In terms of self-concept, Lee
et al. (2005) administered the Piers-Harris Children’s Self-
Concept Scale (Piers and Harris 1989) to assess self-esteem in
30 children with NS. The mean score and standard deviation for
children with NS on this assessment were not significantly dif-
ferent from those of a standardized population. Taken together,
these results suggest that if mood disorders do indeed occurmore
commonly in NS, the symptoms are most likely to arise some-
time during or after adolescence and may not be clearly evident
in self-report measures of emotional symptomatology. The pos-
sibility of under-reporting of emotional symptoms should be
explored, given that individuals with NS have been described
as having a tendency toward offering socially desirable responses
(Verhoeven et al. 2008).

A handful of adult case reports have reported co-occurrence
of NS and other psychiatric diagnoses including alcohol abuse,
anorexia nervosa, bipolar disorder panic disorder, obsessive-
compulsive disorder, and schizophrenia (Arvaniti et al. 2014;
Noonan 2005; Wingbermühle et al. 2009). Nevertheless, given
the dearth of these types of published reports, there is no clear
evidence to suggest that serious mental illness is more common
in NS than in the general population. In terms of behavioral
symptoms, parents of children with NS reported more signifi-
cant attention-seeking behaviors compared to the general pop-
ulation, which may result in mildly higher rates of parenting
stress related to these behaviors (Sarimski 2000). One study
reported a 34 % rate of clinically significant externalizing
symptoms in a sample of children with NS (Alfieri et al.
2014), but the threshold for significance was not described
and scores were not compared to a control sample. In contrast,
other studies have not found that aggressive behaviors and
other externalizing symptoms are observed more frequently
in individuals with NS than in typically developing individuals
(Pierpont et al. 2015; Wingbermühle et al. 2009).
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Adaptive Behavior

Adaptive behavior refers to the set of conceptual, social, and
practical skills that are necessary for functioning in everyday
life (Luckasson et al. 2002). Impairments in adaptive function-
ing can arise from a variety of sources, such as cognitive
deficits, physical limitations, illness, emotional/behavioral
dysregulation, or interpersonal problems. Pierpont et al.
(2010a) provided data from a cohort of individuals with mo-
lecular confirmation of NS whose parents completed caregiv-
er report measures of adaptive behavior. Adaptive behavior
ratings of individuals with NS were significantly lower than
the normative population, with a group mean in the low aver-
age range. Adaptive behavior was roughly commensurate
with the expected range based on studies of intellectual func-
tioning. There were no differences in ratings of boys and girls
with NS. Scores of younger children with NS (ages 1–6) re-
vealed relative weaknesses in motor skills and daily living
skills (e.g., self-care, community participation) as compared
to social and communication skills. This finding may reflect
the fact that many children with NS experience hypotonia,
feeding problems and delayed physical development in early
life. By school age and adolescence, children with NS do not
show significant discrepancies across the different domains of
adaptive functioning. Parent ratings in this study indicated that
expressive language skills, which initially lag behind recep-
tive skills during infancy and preschool years, tend to be
roughly equivalent to receptive language skills by school age.

In terms of risk factors for adaptive impairments, gestation-
al age at birth has been found to be a significant predictor of
adaptive functioning, such that children with NS and CFC
syndrome who were born preterm are at a higher risk for
adaptive delays than those born full-term (Pierpont et al.
2010a). This finding is consistent with a large research litera-
ture showing that infants born prematurely have less favorable
long-term educational and social outcomes (e.g., Moster et al.
2008; Lindstrom et al. 2007). Additionally, individuals with
NS whose parents have higher education levels are at reduced
risk for cognitive and adaptive difficulties (Pierpont et al.
2010a; Pierpont et al. 2009). Thus, variables related to parent-
ing and the home environment may contribute significantly to
development of important functional skills.

Quality of Life

Two studies have examined quality of life in individuals with
Noonan syndrome. Both studies analyzed self-report ques-
tionnaire completed by adult European participants. In a small
Dutch cohort of ten adults with NS, an average to high-
average level of satisfaction was found in terms of quality of
life across all domains (leisure and social participation, health,
family relations, and fulfillment of life goals) (Verhoeven et al.
2008). A second study reported follow-up information about

45 adults with NS who had previously been recruited at a
medical institution in Germany 25 years earlier (Binder et al.
2012). Consistent with the Dutch study, no significant differ-
ence was found between responses of individuals with NS and
an age-matched healthy reference cohort on a 36-item quality
of life survey. However, results of this study indicated that
individuals with NS had significantly lower levels of educa-
tion and graduation achievements than the general population
and lived more frequently without a partner. Mortality rates
were also higher among individuals with NS than the general
population. Results of these studies indicate that although
health, educational, and psychosocial (partnership and parent-
ing) outcomesmay be affected byNS, perceived quality of life
does not differ markedly from reference populations. This
finding suggests that by adulthood, many individuals show
good adaptation to the experience of having NS.

Relationship Between Genotype and Neurocognitive
Outcomes

When the RASopathies are considered collectively, there are
fairly robust genotype–phenotype correlations with respect to
neurocognitive functioning. A number of studies have shown
that mutations in genes acting more downstream in the RAS-
MAPK pathway (e.g., BRAF, MEK 1, MEK2, HRAS), which
typically cause CFC syndrome and Costello syndrome, tend
to be associated with greater impairments in neurological,
intellectual, and adaptive functioning than mutations in genes
encoding components or regulators that act more upstream in
the pathway (e.g., NF1, PTPN11, SOS1, RAF1), which cause
NF1 and NS (Cesarini et al. 2009; Pierpont et al. 2010b; Yoon
et al. 2007). Individuals with gene mutations acting down-
stream in the pathway (especially those diagnosed with CFC
syndrome) also tend to have a higher prevalence of autistic-
like traits (Adviento et al. 2014; Alfieri et al. 2014).

When considering only individuals diagnosed with NS, the
relationship between genotype and neurocognitive function-
ing tends to be more subtle. The largest amount of data is
available for individuals with mutations in the PTPN11 gene.
PTPN11 mutations are the most common cause of NS and
account for approximately 50 % of cases (Tartaglia et al.
2001). Individuals with PTPN11 mutations have a wide spec-
trum of neuropsychological outcomes, with large variation
evident among those with mutations within the same exon
and even among those with the exact same sequence variation
(Pierpont et al. 2009). Nevertheless, there is some evidence
that mutations at certain positions could be protective with
regard to neurocognitive outcomes. In an analysis of a large
cohort of individuals found to have PTPN11 mutations,
Tartaglia et al. (2002) reported that all 17 individuals with
the p.N308D mutation were found to attend regular education
classrooms, suggesting that neurocognitive disabilities may be
milder in this set of individuals. In line with this, Pierpont et al.
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(2009) reported that six individuals with p.N308D and
p.N308S mutations performed within normal limits in IQ test-
ing. This finding suggests that these sequence variations are
not frequently associated with cognitive disabilities. Addition-
al research suggests that PTPN11 mutations associated with
the NSML phenotype are also often associated with normal
intellectual functioning (Sarkozy et al. 2008), although direct
testing results have been published for only a few patients with
this clinical diagnosis (Alfieri et al. 2014).

Mutations in the SOS1 gene cause approximately 15 % of
cases of NS (Roberts et al. 2007). Most research suggests that
individuals with mutations in the SOS1 gene have relatively
favorable outcomes with regard to cognitive development. In
one study, intellectual functioning of children with SOS1 mu-
tations was found to be significantly higher than those with
PTPN11 mutations, as well as those with unknown mutations
(Pierpont et al. 2009), although the sample size of the SOS1
mutation group was relatively small. This finding is consistent
with other reports suggesting that, in the absence of compli-
cating neurological features such as seizures, most people
with SOS1 mutations have intellect within the average range
and attend regular education classrooms (Tartaglia et al. 2007;
Cesarini et al. 2009). In general, behavioral and adaptive func-
tioning of children with SOS1mutations tends to be consistent
with those with PTPN11mutations and those of other children
with a clinical diagnosis of NS (Pierpont et al. 2010b; Pierpont
et al. 2015; Alfieri et al. 2014).

Rarer gene mutations, including those in NRAS, KRAS,
RIT1, RAF1, SCHOC2, and CBL, account for relatively few
cases of NS (Aoki et al. 2013; Roberts et al. 2013). Studies
reporting on individuals with RAF1 mutations typically find
that intellectual and adaptive functioning is commensurate
with individuals with other NS gene mutations (Cesarini
et al. 2009; Pierpont et al. 2010b; Alfieri et al. 2014). Neuro-
psychological functioning in individuals with NRAS, CBL,
and RIT1 mutations is largely unknown. There is some evi-
dence to suggest that individuals with KRAS and SHOC2mu-
tations may experience greater severity of neurological defi-
cits and developmental delay compared to other children with
a diagnosis of NS, with intellectual disability being relatively
common (Lee et al. 2011; Cesarini et al. 2009; Alfieri et al.
2014; Gripp et al. 2013).

The wide spectrum of developmental outcomes in the
RASopathies, along with significant clinical overlap in the
phenotype, results in some ambiguity in clinical classification
of individuals, particularly in situations where neurological
involvement is one of the key distinguishing features. For
example, individuals with KRAS mutations have been de-
scribed as having an intermediate or ambiguous clinical phe-
notype that has features of both NS and CFC syndrome
(Schubbert et al. 2006; Nystrom et al. 2008). Individuals with
this mutation can be diagnosed with either one of these con-
ditions depending on their specific clinical presentation.

Interestingly, one study found that two individuals with KRAS
mutations each scored between the mean of the CFC-
confirmed and NS-confirmed groups in terms of overall scores
on adaptive functioning measures, suggesting that these indi-
viduals may also exhibit a somewhat intermediate profile in
terms of neurocognitive functioning (Pierpont et al. 2010b).
On a related note, some studies have found that, occasionally,
mutations in BRAF andMEK1 can result in a phenotype more
similar to NS or NSML than to typical CFC (Nystrom et al.
2008; Nishi et al. 2015; Sarkozy et al. 2009). This finding has
resulted in some debate regarding whether these individuals
can be diagnosed as having a Noonan-like syndrome or
whether they simply exhibit a milder phenotype of CFC (Neri
et al. 2008). Regardless of this classification issue, there are
data to indicate that the spectrum of BRAF and MEK1 muta-
tions includes individuals with unimpaired intellectual func-
tioning, despite evidence that the vast majority of children
with these mutations present with intellectual disability
(Allanson et al. 2011; Koudova et al. 2009; Pierpont et al.
2009). Additional research is needed to determine whether
particular sequence variants in these genes are reliably protec-
tive with respect to neurocognitive outcomes.

Discussion

The above review of cognitive and behavioral characteristics
associated with Noonan syndrome and Noonan-like pheno-
types suggests a number of general conclusions. First, de-
layed developmental milestones are extremely common in
NS during the infancy and toddler years, especially with re-
gard to gross motor development and expressive language.
While more severe delays in language or motor skills appear
to place a child with NS at risk for less favorable
neurocognitive outcomes, it is important to note that by
school age, overall intellectual functioning measures within
normal limits in the majority of children. During later child-
hood and adolescence, language abilities tend to be generally
commensurate with nonverbal cognitive functioning. Indeed,
intellectual abilities tend to track along fairly closely with a
variety of other neurocognitive domains, including attention,
motor, and communication skills. This finding suggests that
risk factors for neuropsychological impairments in NS often
have somewhat generalized (global) effects on brain devel-
opment. For children with average IQ, deficits in other do-
mains of neurocognitive functioning, when present, can be
relatively subtle.

Although there are no published longitudinal studies of
neuropsychological functions in NS, the available data seem
to suggest that adults with NS have generally milder cognitive
deficits as compared to children, particularly with regard to
domains such as attention, executive functioning, and
memory. Several possible factors could contribute to this

J Pediatr Neuropsychol (2016) 2:14–33 23



finding. First, by the time they enter adulthood, individuals
with NS may develop the ability to compensate for some of
their neurocognitive challenges. Secondly, Wingbermühle
et al. (2012b) reported that although adults with NS demon-
strated impaired performance relative to normative data, these
deficits were less prominent when scores were compared to a
control group matched on age and education level. This find-
ing suggests a “schooling effect,” whereby cognitive deficits
in NS may be overestimated due to differences in educational
background. In light of this finding, it will be important to
consider factors that may contribute to the reported discrepan-
cies in educational attainment in this population. For example,
it could be that delayed maturation of certain regions of the
brain (e.g., the frontal lobes) could account for the apparent
disparities in psychosocial outcomes (e.g., educational attain-
ment, quality/maintenance of interpersonal relationships). Un-
like performance on a cognitive test, these outcomes often
depend on consistent functioning/achievement throughout
the course of a person’s life. In line with this, there is some
evidence to suggest that while cognitive functioning seems to
remain stable or improve in NS throughout development, af-
fected children do not always maintain pace with their peers
with regard to their adaptive functioning. Cross-sectional data
from parent report measures indicate the deficits in indepen-
dent living skills (relative to peers) may be more prominent in
older children and adolescents than in younger children
(Pierpont 2010b).

In the last few years, greater information has become avail-
able regarding the relationship between genotype and neuro-
psychological development. Results of this review suggest
that diverse neurocognitive outcomes are possible with all
gene mutations associated with NS. For every gene associated
with NS, there have been reports of individuals with intellec-
tual functioning in the average range, as well as individuals
with significant intellectual disabilities. Importantly, cognitive
functioning canmeasure within the average range even among
children with mutations typically associated a more neurolog-
ically involved phenotype (e.g., KRAS, SHOC2) or children
with a Noonan-like phenotype who have mutations in genes
acting more downstream in the RAS-MAPK pathway that are
classically associated with CFC syndrome (e.g., BRAF,
MEK1). As a result, gene mutation can never be considered
a definite prognostic indicator. Nevertheless, for the majority
of individuals with mutations in genes most commonly asso-
ciated with NS (e.g., PTPN11, SOS1, RAF1), overall cognitive
functioning is within normal limits. For these children, con-
cerns related to other aspects of learning or behavior tend to be
predominant. Additionally, some research suggests that within
a given gene, specific sequence variants could be protective
with regard to neuropsychological outcomes. Unfortunately,
this research is often hampered by small numbers of individ-
uals in a given study with the same mutation. Greater clarity
with regard to genetic risk factors will undoubtedly emerge as

molecular testing is more widely available, and these results
are reported in conjunction with neuropsychological research.

A key finding emerging from empirical research is that
regardless of their gene mutation, children with NS are at
heightened risk for difficulties with attention regulation and
reduced cognitive organization/flexibility. As is the case with
many other neurodevelopmental and genetic disorders (Lo-
Castro et al. 2011), ADHD symptoms appear to be one of
the most common behavioral features in children with NS.
Additionally, while it is unknown how prevalent “classic”
learning disabilities are in NS (e.g., reading or mathematics
disorders), it is evident that difficulties related learning and
memory can commonly occur in NS. Memory difficulties ap-
pear to be particularly evident with regard to working memo-
ry, as well as in memory tasks requiring free recall of stored
information. At present, it is unclear whether the learning
problems that many children with NS experience in the class-
room are attributable to one specific underlying problem or to
multiple additive factors.

As stated earlier, it is unlikely that neuropsychological im-
pairments can be fully explained by major structural brain
anomalies. Since the discovery of genetic mutations which
underlie NS and other RASopathies, there has been greater
attention to understanding the potential mechanisms whereby
altered Ras signaling may impact brain development or func-
tioning in more subtle ways. Some of the most promising
work in terms of understanding how altered gene expression
may give rise to neurodevelopmental differences has come
from animal models. For example, these models have shown
that altered activation of SHP-2 (the PTPN11 gene product)
can interfere with neural cell-fate decisions (Gauthier et al.
2007). Further, it has become increasingly clear that molecules
in the RAS-MAPK pathway are essential for normal neuro-
physiologic functioning within multiple brain circuits (Sam-
uels et al. 2009), including those involved in learning and
memory (Costa et al. 2001; Pagani et al. 2009). Lee et al.
(2014) recently demonstrated that mice expressing either of
two NS-associated mutations in PTPN11 show hippocampal-
dependent impairments in spatial learning tasks as well as
deficits in hippocampal long-term potentiation. Other studies
have reported that dysregulation of Ras can result in differ-
ences in maturation or functioning of frontal–subcortical cir-
cuitry involved in attention and cognitive control (Shilyansky
et al. 2010a). In a study of humans, Mainberger et al. (2013)
reported that, relative to a healthy comparison group, individ-
uals with NS show reduced motor cortex plasticity (measured
by changes in motor evoked potential amplitude) in response
to paired peripheral electrical and transcranial magnetic stim-
ulation. These findings suggest potential neural targets for
intervention which, when combined with a clear understand-
ing of how neuropsychological deficits impact daily lives of
individuals with NS, could lead to major benefits for individ-
uals with this syndrome.
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Ultimately, it is likely that biochemical changes (e.g., dys-
regulated Ras signaling) can affect brain development differ-
ently in various individuals and that the interplay of cellular
and molecular abnormalities with medical factors is what
gives rise to the range of possible neurobehavioral concerns
that have been described in this review. Indeed, research on
NF1, a RASopathy that has a similarly wide range of clinical
features as NS, supports the view there may be no single
molecular abnormality that explains the neurocognitive effects
seen in these genetic syndromes. It has been recently specu-
lated that multiple developmental and physiological processes
contribute to the specific collection of cognitive and behavior-
al deficits observed in any given child with NF1 (Diggs-An-
drews and Gutmann 2013). As such, from an intervention
perspective, it may be critical to adopt a personalized medi-
cine approach, which utilizes targeted therapies specific to the
biochemical and neurochemical abnormalities that arise in
each individual. The identification of how each neuropsycho-
logical profile maps on to these neurobiological mechanisms
poses an exciting challenge for future research on NS and
other RASopathies.

Considerations for Clinical Neuropsychological
Assessment of Individuals with NS

Given the vast array of possible neurological and neuropsy-
chological issues related to NS, comprehensive assessment of
each individual’s unique capacities will be essential to educa-
tional and intervention planning. Therefore, it is recommend-
ed that neuropsychological evaluation of cognitive, adaptive,
and psychological domains of functioning should be standard
of care for all individuals with NS. Pediatric neuropsycholo-
gists working in a medical setting (e.g., children’s hospitals,
academic health centers, medical clinics) may be especially
well-equipped to evaluate individuals withNS, given the com-
plexity of the medical issues that can accompany this diagno-
sis. These assessments can be completed at key intervals
throughout the lifespan, particularly when concerns arise for
parents, teachers, medical providers, or individuals with NS
themselves. In infancy or early childhood, assessments may
focus primarily on identifying need for rehabilitation thera-
pies. By middle childhood, neuropsychological evaluation
may be very useful to inform educational services, classroom
accommodations, or behavioral therapies. During adolescence
or adulthood, assessments may focus on various targets in-
cluding academic services in high school or college, transition
or employment needs, and social or mental health supports.

When assessing young children with NS, neuropsycholo-
gists should be aware of the potential impact that weak oral
motor or fine motor skills may have on intellectual assess-
ments. For example, Pierpont et al. (2009) reported that the
most challenging subtest for children with NS on the Differ-
ential Ability Scales (Elliott 1990) was the Recall of Designs

subtest; this subtest relies more heavily on fine motor skills.
Therefore, selection of at least some measures that are rela-
tively independent of motor skills is suggested in order to
attain the most accurate results. Independent assessment of
finger and hand mobility may shed light on the potential con-
tribution of these issues to test performance and daily academ-
ic and adaptive functioning. Additionally, for all individuals
with NS, sensory concerns (e.g., vision or hearing limitations)
must also be taken into account when selecting appropriate
cognitive testing measures. Given the prevalence of both sen-
sorineural and conductive hearing loss in NS (Qiu et al. 1998),
a referral should bemade to an audiologist for further testing if
auditory concerns are suspected. A vision assessment may
also be appropriate, as eye conditions and refractory errors
are well-documented (Lee et al. 1992).

Throughout childhood and adolescence, individuals with
NS can have highly variable abilities in areas such as speech/
language development, memory, visual processing, and aca-
demic skills. As a result, neuropsychological evaluation of
individuals with NS must be comprehensive and cover a
broad range of domains. Assessment should include measures
of processing speed, as this is known to be an area of weak-
ness for many individuals with NS. Ideally, selection of pro-
cessing speed measures that are less heavily dependent on
graphomotor precision (e.g., computerized reaction time, can-
cellation) could be administered to reduce bias based on fine
motor weaknesses. Identification of areas of relative strength
in terms of reasoning abilities (e.g., verbal, nonverbal, spatial)
will provide avenues for more successful adaptation and
learning in the academic environment. It is advisable that
assessment of memory examines both visual and verbal
memory. Recognition memory should be assessed in addition
to recall memory, as a relative strength in recognition mem-
ory is seen in many individuals and may provide clues as to
optimal teaching and assessment strategies in educational or
work settings.

When intellectual deficits and/or hearing loss are present,
children with NS are at heightened risk for difficulties in
other domains, especially for language and reading disorders.
Identification of common comorbidities including ADHD,
mathematics or writing disabilities, and social skills concerns
(including ASD) should be a focus of assessment. Teacher
ratings may be helpful to assess behavior and social skills
competence across settings. The impact of peer relationships
on the individual’s development and well-being should also
be evaluated. It is clear that at least some individuals with NS
experience teasing, bullying, or social isolation due to devel-
opmental or physical differences, which should be immedi-
ately addressed within the environments these experiences
are occurring.

In the course of neuropsychological assessment of individ-
uals with NS, collection of collateral information regarding
physical health will be essential with regard to both
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interpretation of test results and formulation of appropriate
treatment recommendations. History of preterm birth or birth
complications should be assessed, as these factors implicate
heightened cognitive and behavioral risk. Seizure history and
medication use should be noted. Both hematopoetic malig-
nancies (especially leukemia, which is most often associated
with PTPN11 mutations) and malignant solid tumors have
been reported in association with NS (Smpokou et al.
2015). For patients with history of cancer, it will be impor-
tant to assess for late effects of chemotherapy or other cancer
treatments. Although cardiac disease does not seem to im-
pose a significant risk factor in terms of intellectual develop-
ment, the potential psychosocial sequelae of cardiac inter-
ventions (e.g., surgeries, hospitalizations, medications)
should be considered. In general, children with NS are at
heightened risk for medical stress, including feeding and
growth issues, endocrine disorders, hematologic concerns
(e.g., easy bruising), etc. (Romano et al. 2010). These
illness-related experiences should be taken into account
when considering social–emotional adjustment.

Special attention should be given to assessment related to
the experience of pain. Although the etiology for pain in indi-
viduals with NS often not evident, pain does appear to be a
relatively common feature among both children and adults.
Research has shown that chronic pain in young people has
the potential to significantly impact functioning, in terms of
increased school absences, reduced involvement in activities,
and greater social isolation (Forgeron et al. 2010). Pain expe-
riences could also potentially manifest in terms of heightened
distractibility during cognitive or academic tasks. Thus, iden-
tification of pain in individuals with NS could affect interpre-
tation of assessment findings. Further, treatment of chronic
pain has the potential to greatly impact psychosocial adjust-
ment. In a recent study of adults with NS, chronic muscle,
joint, or back pain was reported in the majority of participants
(Smpokou et al. 2012). For most individuals, musculoskeletal
pain originated in childhood, whereas back pain typically
originated in adolescence/adulthood. Several physical aspects
of NS may contribute to the occurrence of pain. For example,
atypical skeletal features such as chest wall deformity, spinal
anomalies, and joint hyper-extensibility are common in NS
(Romano et al. 2010). A study of adults reported that over half
of participants had been diagnosed with scoliosis in childhood
or adolescence (Smpokou et al. 2012). Finally, given a possi-
ble predisposition to cerebrovascular disease, hydrocephalus,
solid tumors, and other neurological issues in NS (Roberts
et al. 2013; Kratz et al. 2011), recurrent severe headaches
should prompt a referral to a neurologist.

A final component that may be of great importance in as-
sessment of individuals with NS is the issue of sleep duration
and quality. Sleep disorders occur more commonly in children
with craniofacial syndromes (Shadfar et al. 2012), and sleep-
disordered breathing can lead to adverse effects on the

cardiovascular system, neurocognitive function, and growth.
Obstructive sleep apnea has been reported in children with NS
(Khirani et al. 2012) and has the potential to be life-
threatening if untreated. Craniosynostosis has been reported
in children with specific mutations in KRAS (Addissie et al.
2015; Kratz et al. 2009) and is a known risk factor for obstruc-
tive sleep apnea (Cielo and Marcus 2015). Chiari I
malformations can also increase risk for sleep-disordered
breathing (Leu 2015; Dauvilliers et al. 2007). Thus, behavior-
al assessment of individuals with NS should include inquiry
regarding potential sleep problems, including difficulty initi-
ating sleep, insufficient sleep duration, restlessness, heavy
snoring, increased respiratory effort, or pauses in breathing.
A referral for a sleep study should be considered for children
with chronic sleep issues.

Educational and Treatment Recommendations

Despite the fact that most individuals with NS do not have
significant intellectual impairments, researchers have reported
lower levels of educational achievement among adults with
NS relative to the general population (Binder et al. 2012).
There is some evidence to suggest that individuals who are
diagnosed with NS during childhood tend to receive more
extensive special education supports compared to individuals
who are not diagnosed until adulthood (Noonan 2005). As
more individuals are being recognized as having NS at a
young age, there are increasing opportunities to intervene
and create a more supportive learning environment. It is clear
that there are myriad ways in which both physical health as-
pects of NS and neuropsychological deficits can impact aca-
demic functioning and attainment of educational goals. As a
result, most individuals with NS would be expected to qualify
for special education services to provide support for their
learning needs. While special education eligibility can vary
across US states, consideration of eligibility for an Individu-
alized Education Plan (IEP) under the category Other Health
Disability (or Other Health Impairment) may be appropriate in
most situations. Other likely categories under which children
with NS may qualify for services include Developmental De-
lay (for early childhood services), Speech or Language Im-
pairment, Autism Spectrum Disorder, Developmental Cogni-
tive Disability, or Emotional/Behavioral Disorder. Better edu-
cational outcomes may be attainable for many individuals
with NS with support or services included in an IEP or a
Section 504 plan.

In early development, a number of rehabilitation therapies
may be needed to address developmental delays and support
progress. Due to the hypotonia and motor delays that com-
monly occur in NS, physical therapy and occupational ther-
apy are frequently appropriate. For children with severe gas-
trointestinal and feeding issues, referral to a speech/language
pathologist or feeding specialist is advised. A variety of
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issues such as chewing, swallowing, texture sensitivity, and
oral aversions may need to be addressed. In situations where
feeding difficulties persist past infancy, school accommoda-
tions may be necessary to address these concerns. The in-
volvement of nursing staff at school may be important if a
child requires tube feeding or has unique nutritional needs.
Allowing additional time for consuming food in the lunch
room can also be necessary to enable sufficient food intake,
as some children with NS experience problems with gagging,
difficulty swallowing, slow feeding, or recurrent vomiting
(Sharland et al. 1992).

During school-aged years, individualized or small-group
special education instruction may be needed to address learn-
ing difficulties, depending on the needs of the individual child.
Children with NS will often require speech and language ther-
apies to address articulation and language delays. With regard
to learning disabilities, some research indicates that children
with RASopathies who have reading difficulties may have
similar underlying deficits as children with idiopathic reading
disabilities (Cutting and Levine 2010). This finding suggests
that they may respond to similar types of intervention pro-
grams. Therefore, a logical step would be to apply evidence-
based treatments for learning disabilities, such as phonics in-
struction for reading disorder (Galuschka et al. 2014), to in-
struction for children with NS.

Testing accommodations and modifications of assignment
load may be very helpful for some individuals with NS to
achieve success. Extended time for classroom work or testing
may be appropriate, particularly for children and adults with
relative weaknesses in processing speed, attention difficulties,
or reading disabilities. Due to difficulties with executive func-
tioning, some children may require help with organization and
planning of assignments. Use of multiple modalities in learn-
ing and testing will assist children who may have trouble
demonstrating retention of information. Preliminary research
on learning and memory suggests several possible strategies
to enhance learning outcomes. First, some evidence suggests
that spreading learning across multiple sessions may enable
better memory consolidation (Pagani et al. 2009). Second,
providing choices rather than requiring free recall of informa-
tion could allow children who have difficulty with retrieval or
formulation of responses to better demonstrate their knowl-
edge (Pierpont et al. 2013). Finally, presenting information in
a meaningful context may be more beneficial as compared
with rote learning in individuals with NS.

A number of classroom accommodations may be useful to
address physical or developmental issues. The prevalence of
short stature among individuals with NS should prompt con-
sideration of ergonomic needs. For example, teachers and oc-
cupational therapists should address issues related to desk and
chair size and access to equipment and materials. Similarly,
some individuals with NS have a webbed neck, which may
affect comfort when looking down at a desk and could

contribute to pain or headaches. Evaluation by an occupation-
al therapist can assist with optimal positioning (e.g., use of
slant boards or consideration of placement of books or writing
materials). Fine motor difficulties should also be addressed by
appropriate accommodations. If handwriting causes pain or
frustration, it may be beneficial to consider a reduced note-
taking or handwriting burden. Other fine motor accommoda-
tions could include provision of large-lined paper for writing
practice, use of enlarged worksheets with extra space, and
permitting use of assistive technologies (e.g., use of a key-
board, dictation software). Some children with NS also strug-
gle with balance and coordination issues, so consideration of
adapted physical education may be appropriate. Children with
congenital heart disease or other medical features may expe-
rience poor endurance or fatigue. This difficulty may impact
participation in lengthy projects, field trips, or extensive pe-
riods of walking. Finally, children with NS may need to be
absent from school more than a typical child due to illness or
frequent medical appointments. This issue can be addressed in
the IEP to ensure that students with NS do not fall behind in
their course materials and parents are not targeted related to
truancy concerns.

Given that children with NS may experience sensory con-
cerns, these issues may be important to address within the IEP
or Section 504 plan. Vision services and adaptations, or work
with a hearing specialist, may be necessary for some individ-
uals with visual or hearing impairments. An evaluation related
to sensory processing behaviors may also help to identify
additional supports. For sensory-related behaviors common
in children with comorbid ADHD or ASD diagnoses, consid-
eration of accommodations for noise or light filtering, use of
sensory objects (e.g., fidgets, chewable items), or movement
breaks may serve the child’s needs.

Importantly, results from surveys of adults with NS indi-
cate that most are able to finish high school and some
individuals also attend college (Noonan 2005). For people
with NS who attend college or other post-secondary institu-
tions (e.g., vocational or career schools), services such as
tutoring programs and academic accommodations should be
available through their college’s disability service programs.
Indeed, there is reason for great optimism regarding the
potential to develop increasingly effective supports and
treatments for neuropsychological challenges that may face
individuals with NS across the lifespan. It is clear that psy-
chosocial outcomes can be quite positive for many individ-
uals with this diagnosis. Although accommodations and
supports will be necessary for many individuals with NS
to obtain optimal educational and social success, in many
cases, the expectations for personal and professional
achievements may not differ greatly as compared with ex-
pectations within the general population. While a minority
of adults may be unable to work due to disability, most
individuals with NS have the capacity to maintain
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employment (Smpokou et al. 2012), and unemployment
rates are generally comparable to the general population
(Binder et al. 2012). If an individual does have social or
cognitive limitations, these concerns must not always be
viewed as a barrier to independent living. Rather, careful
planning may assist with very successful transition to adult-
hood. In this regard, interventions focused on social and
practical skills may be helpful for some individuals.

Regarding social–emotional and behavioral adjustment in
individuals with NS, several treatment approaches hold
promise for improving outcomes. There are currently no
published clinical trials to evaluate the effectiveness of phar-
macological treatments for mental health issues in NS. How-
ever, preliminary research on other RASopathies suggests
several avenues for intervention. For example, stimulant
medications (e.g., methylphenidate) are known to be effec-
tive in improving cognitive, behavioral, and social outcomes
in individuals with NF1 who have symptoms of ADHD
(Mautner et al. 2002; Lion-Francois et al. 2014). For chil-
dren with NS, the possibility of medication must be consid-
ered in consultation with medical providers familiar with the
child’s complex history, lending special attention to growth
considerations and cardiac risk. Medication may be also in-
dicated for treatment of anxiety or mood disorders, although
additional research is greatly needed in this area to deter-
mine the scope and impact of these and other psychiatric
conditions in children and adults with NS. Psychotherapeutic
and behavioral management interventions should be consid-
ered for children with significant emotional or behavioral
dysregulation. Cognitive–behavioral therapy is a well-
established treatment for childhood depression and anxiety,
whereas behavioral parent training requiring involvement of
a caregiver may be most effective at addressing disruptive
behaviors (Forehand et al. 2013). Children with NS who
struggle with social competence may benefit from explicit
instruction or counseling to bring them up to par with their
peers. Social skills groups have some evidence base for
enhancing social outcomes among children with autism
spectrum disorders (Reichow et al. 2013), who may share
traits with some individuals with NS. Finally, psychological
interventions (e.g., cognitive–behavioral therapy, relaxation
techniques, mindfulness-based therapy) to target sleep prob-
lems or pain/fatigue may be helpful for children with NS
who struggle with these issues.

Finally, in recent years, increasing community support is
available for individuals with RASopathies. A number of or-
ganizations have emerged to provide social support, enable
sharing of experiences, support education and research, and
provide advocacy (Table 4). These organizations have an in-
tegral role to play in fostering knowledge and improving qual-
ity of life for individuals with NS and other RASopathies.
Parents/caregivers and siblings of individuals with NS can
also obtain support through these organizations.

Directions for Future Research

While the literature on neuropsychological features of individ-
uals with NS has greatly increased in recent years, several
significant gaps remain. First, in the majority of published stud-
ies, a description of neuropsychological outcomes is provided
without statistical exploration of possible risk factors that lead
to differences in outcome. As genetic testing information be-
comes increasingly available, the possibility of exploring geno-
type–phenotype relationships becomes more practicable. Un-
derstanding how specific biochemical changes influence brain
development will bring us to a better understanding of the role
of the RAS pathway in development. In line with this, valuable
information will emerge from research that compares individ-
uals with classic NS mutations and phenotype with similar
phenotypes (e.g., NSML; NS/LAH; NS phenotype with BRAF
orKRASmutations). Further, understanding the similarities and
differences between NS and other distinct RASopathies (e.g.,
NF1) can also bring us to a better understanding of the variable
clinical manifestations of RAS pathway anomalies. Only a
handful of articles have evaluated individuals with multiple
different RASopathies within the same study (e.g., Alfieri
et al. 2014; Adviento et al. 2014; Pierpont et al. 2010b; Cesarini
et al. 2009). This type of neuropsychological research can be
challenging, as measures that are used to study one population
may not easily be applied to other groups due to differences in
phenotypic presentation and neurological involvement. Never-
theless, similarities in underlying biochemical substrates and
also in clinical needs should motivate more frequent compari-
sons both among RASopathies and across a variety of medical
conditions associated with cognitive and behavioral manifesta-
tions (e.g., fragile X syndrome, ASD, ADHD). Moreover, it is
essential that studies not only attempt to account for genotypic
variability but that they also include other biological, develop-
mental, and environmental factors that may contribute to the
broad variation in expression within the same clinical disorder.
Variables related tomedical severity, perinatal factors, nutrition,
and access to services are just a few factors that have the po-
tential to dramatically alter a child’s developmental trajectory
and yet have not been extensively studied.

In terms of content area, there are a number of aspects of
neuropsychological functioning that have been largely
overlooked in NS and the RASopathies. First, there is a lack
of longitudinal research to examine how cognitive and behav-
ioral trajectories change over time. This type of research has
led to important insights into how neurodevelopmental path-
ways may differ in children with other genetic conditions such
as fragile X syndrome (e.g., Kover et al. 2013; Chromik et al.
2015), leading to insights into how interventions may alter
these trajectories. Second, it is clear that more detailed infor-
mation about the interpersonal experiences of individuals with
NS is needed. While some of the research reviewed above
suggests that social capacities of individuals with NS
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frequently differ from the general population, including the
ability to form and maintain peer friendships and romantic
relationships, this is an area that has received relatively little
research attention. Studies examining how differences in so-
cial competence, social cognition, or social communication
may affect the lives of individuals with NS could provide
major benefit for caregivers seeking to provide early interven-
tion opportunities that will facilitate their child’s long-term
outcomes. Additionally, environmental contributions to social
outcomes, such as exposure to teasing/bullying, should be
investigated. Although children with short stature are at
heightened risk for teasing, some evidence suggests that teas-
ing due to short stature in isolation may not have clinically
meaningful effects on overall psychosocial adjustment
(Sandberg 2011). Additional research into social experiences
of individuals with NS would help elucidate whether there is a
significant impact of teasing/victimization in this group.

Translational research to inform what types of treatments
could be safe and effective is in its early stages. In particular,
great interest has developed with regard to interventions that
might improve cognition, learning, and memory in the
RASopathies (Shilyansky et al. 2010b). Studies involving ani-
mal models of NF1 (e.g., Costa et al. 2002) have led to the first
clinical trials that target abnormal Ras signaling using statin
drugs. Phase 1 trials indicate that these drugs can be safely
prescribed in children with NF1, and there is some evidence
that the drug lovastatin could affect specific cognitive outcomes
(Acosta et al. 2011). However, results of initial trials using sim-
vastatin did not support short-term efficacy in providing clear
functional benefits (Krab et al. 2008; van der Vaart et al. 2013).
NF1 treatment trials to evaluate statin drugs using larger, more
carefully selected samples are ongoing (Acosta et al. 2012).
Importantly, there is now evidence to demonstrate that drugs
targeting the same mechanism can be effective in ameliorating
cognitive deficits in mouse models of NS (Lee et al. 2014),
suggesting a potential avenue for future therapeutic exploration.

Some researchers have advised that to optimally translate
scientific advances into clinical interventions, a collaborative
framework to include neuroscientists and clinicians from di-
verse institutions must be developed (Acosta et al. 2012). The

complexity of the challenges facing evaluation of clinical ther-
apies (e.g., measurement considerations, recruitment of suffi-
cient numbers of participants) will require interdisciplinary
contributions and multi-site partnerships. For some popula-
tions, these types of collaborations to identify appropriate
study designs and endpoints for clinical trials are underway
(e.g., the Response Evaluation in Neurofibromatosis and
Schwannomatosis (REiNS) collaborative groups; Plotkin
et al. 2013). Finally, alongside pharmacological treatments,
it will also be critical to examine the efficacy of behavioral
and family interventions. While drug treatments hold promise
for improving cognitive or self-regulatory mechanisms, they
will not address skill deficits or other psychosocial adjustment
issues related to medical or interpersonal experiences. With
the support of patient advocacy organizations and funding
agencies, development of these types of treatments is also
attainable. Indeed, NS and the RASopathies present an ex-
tremely unique opportunity to study the effects of specific
biochemical processes on brain and behavior and to identify
ways to improve clinical care and mental health outcomes for
individuals with genetic differences.
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