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SSBP Syndrome Sheets 

Noonan Syndrome 

 
First description 

The first description of Noonan syndrome (NS) dates back to 1883, when a student named 

Kobylinski reported on a male patient with several phenotypical characteristics. In 1963, 

paediatric cardiologists Dr. Jacqueline Noonan and Dorothy Ehmke were the first to identify NS 

as a distinct syndrome in both male and female patients, with congenital heart defects, small 

stature, typical faces, skeletal malformations and mild developmental delay (Noonan & Ehmke, 

1963; Noonan, 1968). John Opitz, one of Dr. Noonan’s students, suggested the eponym and 

confirmed NS as a nosologic entity. 

 

 

Associated conditions 

NS is a genetic multisystem disorder caused by a pathogenic variant in genes encoding for 

components of the Ras-MAPK signaling pathway. Syndromes with shared pathogenetic 

mechanisms and clinical overlap with NS include Noonan syndrome with multiple lentigines 

(NSML; formerly called LEOPARD syndrome), Noonan-like syndrome with loose anagen hair 

(NSLH; also called Mazzanti syndrome), Noonan syndrome-like disorder (also called CBL 

syndrome), Cardiofaciocutaneous syndrome (CFC), Costello syndrome (CS), Legius syndrome 

(LS), and neurofibromatosis type 1 (NF1). These syndromes are part of a larger group of related 

conditions known as RASopathies (Tartaglia et al., 2011; Tajan et al., 2018). 

 

 

Genetics and molecular biology 

NS is most often inherited in an autosomal dominant manner, although NS also can be inherited 

in an autosomal recessive manner. In 60% of patients with autosomal dominant NS, the condition 

is caused by a de novo mutation. In approximately 50% of patients with NS a missense mutation 

is found in the PTPN11 gene on chromosome 12 (12q24.13). Germline mutations in more than 

14 additional genes involved in the RAS-MAPK pathway have been associated with NS. These 

genes include SOS1 (10-13% of the cases), RAF1 (5-10%), RIT1 (5%), LZTR1, KRAS, NRAS, 

MRAS, BRAF, CBL, SOS2, RRAS, RRAS2, MAP2K1, and MAP2K2. In about 20% of the patients 

with a clinical diagnosis of NS, no variation in the abovementioned genes can yet be found  

(Allanson & Roberts, 2019; Grant et al., 2018; Liao & Mehta, 2019; Motta et al., 2020; Tartaglia et 

al., 2022; Zenker, 2022). 

 

 

Incidence/prevalence 

The incidence of NS is estimated between 1 in 1000 to 1 in 2500 live births (Roberts et al., 2013). 

 

 

Physical features and natural history 

Key characteristics are 1) short stature, 2) typical facial dysmorphology (wide-spread and down- 

slanting eyes, drooping eyelids, and low-set, posteriorly rotated ears with a thickened helix), and 

3) congenital heart defects (pulmonary valve stenosis, hypertrophic cardiomyopathy, and atrial 

septal defects are most common). Some additional features are variable developmental delay, 

neonatal feeding difficulties, failure to thrive, hematologic and ectodermal anomalies, skeletal  
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anomalies (e.g., chest deformity), lymphatic diseases, cryptorchidism, ocular abnormalities, 

widely spaced nipples, and a webbed neck. 

 

Neurological complications are relatively uncommon in patients with NS, however, conditions 

such as hydrocephalus and Chiari type I malformations are described. Epilepsy is also slightly 

more prevalent compared to the general population. Pain is a common complaint in patients with 

NS and can sometimes be characterised as neuropathic pain (Draaisma et al., 2024; Leoni et al., 

2019).    

 

Life expectancy for patients with NS is fairly normal, unless there are major complications of 

heart or lymphatic disease. Premature delivery is the main source of morbidity. 

 

It should be noted that phenotypical expression is highly variable in NS and physical 

characteristics are often milder in adulthood than in childhood. The diagnosis is primarily made 

on clinical grounds, by observation of cardinal features (Allanson & Roberts, 2019; Noonan, 

2005). The most widely used scoring system was developed in 1994 and updated and validated 

in 2010 (Van der Burgt et al.,1994; DYSCERNE-Noonan Syndrome Guideline Development 

Group, 2010). 

 

 

Brain structure and function 

Research on brain structure and function in patients with NS is still emerging, but current findings 

suggest increased connectivity in the visual, ventral attention, left frontoparietal, and limbic 

networks in children with NS compared to typically developing peers. This hyperconnectivity may 

contribute to impairments in inhibition, attention, and orientation (Bruno et al., 2022). In a 

separate study examining brain structures, children with NS were found to have smaller volumes 

in areas of the corpus striatum - specifically the caudate, putamen, and pallidum - when 

compared to typically developing children. These brain structures are involved in motivation, 

motor and action planning, decision-making, and reinforcement processes. A smaller corpus 

striatum is often associated with inattention and hyperactivity, problems which are frequently 

seen in children with NS (Johnson et al., 2019). 

 

 

Behavioural characteristics and psychopathology 

There is evidence of an increased risk of behavioural problems in children, primarily 

characterised by social problems (e.g., problems in understanding social situations, articulating 

and explaining social experiences, problems in connecting with peers), inattention, hyperactivity, 

impulsivity and problems in emotion regulation (Alfieri et al., 2021; Pierpont, 2016; Pierpont et al., 

2018). Internalising problems, characteristics of autism spectrum disorder (ASD) and attention 

deficit hyperactivity disorder (ADHD) are more prevalent than in the general population (McNeill 

et al., 2019; Pierpont, 2016). Externalising problems are also reported in children with NS, but 

they are less common than internalising problems (Alfieri et al., 2014; Pierpont, 2016). In adults 

with NS, there are indications that internalising problems and social distress are more common 

(Pierpont 2016; Wingbermühle et al., 2012a, 2022). Higher levels of introversion and alexithymia 

(i.e., difficulty identifying and verbalising one's own emotions) in adults with NS may contribute to 

this internalising symptomatology (Roelofs et al., 2019; Wingbermühle et al., 2022). 
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Neuropsychological characteristics 

Intelligence scores show a wide range, with a mildly lowered average intelligence. Intellectual 

disability (IQ < 70) is present in less than a quarter of patients with NS. No specific or consistent 

cognitive impairments are found in patients with NS at the group level, when general intelligence 

or educational level are taken into account (Naylor et al., 2023; Wingbermühle et al., 2022). 

However, cognitive weaknesses have been identified in various studies. In children, language 

and motor development are frequently delayed. Research has identified a highly variable 

cognitive profile in children with NS, with evidence of weaknesses in visual processing, language 

development, working memory, attention, and planning and organisational skills. These cognitive 

weaknesses likely contribute to learning problems, which are frequently reported in children with 

NS, and the need for special education in a number of cases (Kramer et al., 2025; Pierpont 

2016). While cognitive weaknesses are frequent in childhood, in adulthood only a lowered speed 

of information processing and slight problems in emotion recognition are described, although 

patients report executive function problems in daily life (Wingbermühle et al., 2012a, 2012b). 

 

 

Available guidelines for assessment/treatment/management 

The specific problems that patients with NS may encounter in daily life appear to result from a 

complex interaction between genetic, somatic, cognitive, psychological, and environmental 

factors. Therefore, a multidisciplinary approach and intensive collaboration between clinical 

geneticists, cardiologists, paediatricians, clinical neuropsychologists, physiotherapists, and 

speech therapists, among others, is necessary to treat patients with NS as best as possible. 

Moreover, NS is a lifelong developmental disorder, which poses different challenges in different 

stages of life. Repeated clinical and neuropsychological assessments are recommended 

throughout the lifespan, particularly at key developmental stages (e.g., before entering primary 

school and secondary school, and in the transition to adulthood) and when difficulties arise. 

Based on these assessments, targeted interventions can be provided, such as individualised 

educational accommodations, psychological therapy or psychiatric treatment. The recommended 

multidisciplinary approach and life-long follow-up may be formalised in centres of expertise for 

patients with NS and other RASopathies. Specific recommendations for the management of 

patients with NS at different stages of their lives can be found in the international clinical 

guidelines on Management of Noonan syndrome from the Noonan Syndrome Guideline 

Development Group (DYSCERNE, 2010). A revised edition will be published in the near future. 

 

 

Useful websites/associations for more information 

www.dyscerne.org/dysc/Guidelines - For the Noonan Syndrome Clinical Management 

Guidelines.  

www.ncbi.nlm.nih.gov/omim/163950 - For the information on NS in OMIM, an online  database of 

human genes and genetic disorders. 

www.noonansyndrome.org.uk - For the Noonan syndrome support group Inc. 

 

Updated in 2025 by Jennifer Kramer, Renée Roelofs, Ellen Wingbermühle, Erika 

Leenders, Tjitske Kleefstra, & Jos Egger

http://www.dyscerne.org/dysc/Guidelines
http://www.ncbi.nlm.nih.gov/omim/163950
http://www.noonansyndrome.org.uk/
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The information contained in these syndrome sheets is aimed at clinicians, is for guidance only, and 
does not constitute a diagnostic tool. Many syndromes manifest in varying degrees of severity, and 
this information is not intended to inform patients of a specific prognosis. 

The SSBP strongly recommends patients to follow the advice and direction of their clinical 
team, who will be most able to assess their individual situation. 
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