
DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY ORIGINAL ARTICLE

Attention skills and executive functioning in children with
Noonan syndrome and their unaffected siblings

ELIZABETH I PIERPONT1 | ERICA TWOROG-DUBE2 | AMY E ROBERTS2

1 Division of Clinical Behavioral Neuroscience, Department of Pediatrics, University of Minnesota Medical School, Minneapolis, MN; 2 Division of Genetics,
Department of Cardiology and Department of Medicine, Boston Children’s Hospital, Boston, MA, USA.

Correspondence to Elizabeth I Pierpont at Department of Pediatrics, University of Minnesota Medical School, Mayo Mail Code 486, 420 Delaware Street SE, Minneapolis, MN 55455, USA.

E-mail: pier0053@umn.edu

This article is commented on by Frye on pages 315–316 of this issue.

PUBLICATION DATA

Accepted for publication 30th August 2014.

Published online 3rd November 2014.

ABBREVIATIONS

ADHD-RS ADHD Rating Scale

BRIEF Behavior Rating Inventory of

Executive Function

FSIQ Full-scale IQ

AIM Emerging research indicates that gene mutations within the RAS-MAPK signaling

cascade, which cause Noonan syndrome and related disorders, affect neurophysiologic

activity in brain regions underlying attention and executive functions. The present study

examined whether children with Noonan syndrome are at heightened risk for symptoms of

attention-deficit–hyperactivity disorder (ADHD) and executive dysfunction relative to an

unaffected sibling comparison group, and investigated three key aspects of behavioral

attention: auditory attention, sustained attention, and response inhibition.

METHOD Children and adolescents with Noonan syndrome (n=32, 17 males, 15 females,

mean age 11y 3mo, SD 3y) and their unaffected siblings (n=16, eight males, eight females,

mean age 11y, SD 3y 6mo) were administered standardized tests of intellectual functioning

and clinic-based measures of behavioral attention. Parent ratings of ADHD symptoms,

executive functioning, and behavior were also obtained.

RESULTS Children with Noonan syndrome demonstrated higher rates of past ADHD

diagnosis, as well as reduced performance compared with unaffected siblings on behavioral

attention measures. Parent-rated functional impairments in attention, social skills, working

memory, and self-monitoring were more prevalent in the Noonan syndrome group. The

relationship between attention regulation skills (sustained attention and inhibitory control)

and intellectual test performance was significantly stronger in the Noonan syndrome group

than the comparison group.

INTERPRETATION Clinical screening/evaluation for ADHD and executive dysfunction in

Noonan syndrome is recommended to facilitate appropriate intervention and to address

functional impact on daily life activities.

Gene mutations in the Ras-mitogen-activated protein
kinase (RAS-MAPK) signaling pathway cause Noonan syn-
drome and related disorders including neurofibromatosis
type 1 (NF1), cardiofaciocutaneous syndrome and Costello
syndrome. These syndromes (‘RASopathies’) are associated
with varying degrees of cognitive impairment, ranging
from severe intellectual disability to normal or above aver-
age cognitive functioning.1,2 In recent years, the RAS-
MAPK signaling pathway has emerged as a fascinating
model system for understanding how particular molecular
alterations can give rise to cognitive and behavioral deficits.
It has become increasingly clear that the RAS-MAPK path-
way is essential for normal neurophysiologic functioning
within multiple brain circuits,3 and that proteins in this
pathway are involved in modulating release of inhibitory
neurotransmitters in regions of the brain involved in atten-
tion regulation and executive functions, including the pre-
frontal cortex and striatum.4

Although deficits in attention skills are a well-docu-
mented phenomenon among individuals with NF1,2 no
studies have systematically examined aspects of behavioral
attention in other disorders affecting the RAS-MAPK
pathway. Noonan syndrome, one of the most common
RASopathies, is estimated to occur in 1/1000 to 1/2500
live births.5 Noonan syndrome is characterized by distinc-
tive facial features, short stature, congenital heart disease,
skeletal anomalies, and other comorbidities. Mutations in
one of several genes expressed within the RAS-MAPK
pathway (including PTPN11, SOS1, RAF1, KRAS, NRAS,
SHOC2, RIT1, and CBL) cause about 75% of cases of
Noonan syndrome.6 The underlying genetic etiology for
the remaining cases has not yet been identified. The
behavioral phenotype of Noonan syndrome is characterized
by wide variability in most domains, with increased risk for
motor delay, cognitive and language impairments, and
learning difficulties.7,8
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Case studies and parent surveys have documented atten-
tion challenges among some individuals with Noonan syn-
drome.9,10 However, it is unknown how prevalent these
difficulties are in Noonan syndrome, and whether attention
problems are similar to those of children with idiopathic
ADHD. A first goal of the present study was to determine
whether children with Noonan syndrome are at greater
risk than their unaffected siblings for ADHD symptoms
and associated deficits in executive functions (e.g. working
memory, planning, organization, emotional control). Sec-
ond, the study investigated performance of individuals with
Noonan syndrome on clinic-based behavioral measures
known to be challenging for children with ADHD. These
included tests of auditory attention, sustained attention,
and inhibitory control. Finally, the study examined
whether attention skills were predictive of performance on
intellectual testing, and whether the relationship between
attention regulation and IQ differed between the Noonan
syndrome and sibling comparison groups.

METHOD
Participants
Study participants were recruited from a cohort of families
who were previously enrolled in a genotype-phenotype
study directed by the third author and had provided per-
mission to be contacted for further research, as well as at
national meetings of Noonan syndrome family advocacy
groups. Probands with Noonan syndrome and their unaf-
fected siblings between the ages of 6 years and 16 years
were invited to participate. A total of 50 children and ado-
lescents enrolled at Boston Children’s Hospital (n=29), the
2011 meeting of The Noonan Syndrome Support Group
(n=6), the 2013 meeting of the Noonan Syndrome Founda-
tion (n=5), or by arrangement to visit testing sites in Wis-
consin or Minnesota (n=10). All families provided written
informed consent on enrollment. The study was approved
by the Boston Children’s Hospital institutional review
board.

The proband group included 32 children and adoles-
cents with Noonan syndrome (17 males, 15 females). Clini-
cal diagnostic criteria for Noonan syndrome were
confirmed by a medical examination and/or review of med-
ical records by a clinical geneticist (AER). The sample con-
tained 22 individuals with confirmed gene mutations,
including 16 individuals with PTPN11 mutations and six
individuals with SOS1 mutations. The remaining 10 indi-
viduals (31%) had unknown mutations, a rate consistent
with the percentage of individuals with Noonan syndrome
with unknown mutations in recent genetics studies using
clinically referred cohorts.6 One additional patient with a
clinical diagnosis of Noonan syndrome received testing,
but was excluded from the group analyses because of an
identified mutation in the BRAF gene. There is some
debate among RASopathy experts regarding whether indi-
viduals with BRAF mutations have Noonan syndrome, or
should instead be diagnosed with mild cardiofaciocutane-
ous syndrome.11

The sibling comparison group consisted of 16 unaf-
fected, typically developing individuals (eight males, eight
females). To enable optimal group matching,12 one partici-
pant (the youngest female) who received testing was
excluded from the above group. This yielded groups of
participants with Noonan syndrome (mean age 11y 3mo,
SD 3y) and unaffected siblings (mean age 11y, SD 3y 6mo)
that did not differ significantly in chronological age,
t46=0.29, d=0.09, variance ratio=0.77.

Measures
Intellectual functioning
The Wechsler Abbreviated Scale of Intelligence was
administered to evaluate intellectual ability.13 This measure
includes two tests of verbal reasoning (Vocabulary and
Similarities) and two tests of nonverbal ability (Block
Design and Matrix Reasoning). The Wechsler Abbreviated
Scale of Intelligence provides estimates of Verbal IQ, Per-
formance IQ, and Full-scale IQ (FSIQ).

Attention skills
Tasks from the Test of Everyday Attention for Children14

were used to assess behavioral attention in three areas:
auditory attention, sustained attention, and response
inhibition. Each of these three tasks (Table I) has demon-
strated effectiveness as an indicator of attentional impair-
ments in children diagnosed with ADHD.15,16 Scaled
scores on these measures were available for all but five par-
ticipants. Two participants with Noonan syndrome (aged 6
and 8) were unable to complete these tests because of sig-
nificant difficulties comprehending test instructions and
attending to the tasks. Three additional participants (one
proband, two siblings) were over the age of 15 at the time
of administration, and therefore outside the normative age
range.

Parent rating scales
Parents of all study participants completed the 18-item
ADHD Rating Scale IV-Home Version (ADHD-RS).17

Items in the ADHD-RS, an instrument widely used both
clinically and in research, correspond directly to each of
the nine inattentive and nine hyperactive/impulsive
diagnostic symptom criteria for ADHD as outlined in the
recently updated Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5).18 Each symp-
tom is scored on a scale from 0 points (not present) to 3
points (severe). Parents also completed the Child Behavior
Checklist, a widely used parent-report assessment of child-
hood behavioral and emotional problems.19 Finally, the
Behavior Rating Inventory of Executive Function (BRIEF)
Parent Form was administered.20 This caregiver report

What this paper adds
• Children with Noonan syndrome are at heightened risk for ADHD symptoms

and associated functional deficits.

• Better attention regulation is associated with higher IQ scores in children
with Noonan syndrome.
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questionnaire is composed of eight clinical scales measur-
ing aspects of executive functioning in everyday life (Inhi-
bition, Shift, Emotional Control, Initiate, Working
Memory, Plan/Organize, Organization of Materials, and
Monitor). The BRIEF manual provides evidence for the
reliability, validity and diagnostic utility of this measure,20

including sensitivity to differences between non-clinical
and clinical groups of children with ADHD.

Procedures
Each participant was assessed individually by a trained doc-
toral-level examiner (EIP) within a single testing session.
Participants were given the behavioral tests in a quiet, dis-
traction-free room. Because of the observable physical
characteristics associated with Noonan syndrome, it was
not possible for the examiner to be blinded regarding par-
ticipants’ diagnosis. Parents of study participants com-
pleted the ADHD-RS, Child Behavior Checklist, and
BRIEF questionnaires in a separate room while their child
engaged in testing. All forms were later scored by the
examiner (using computerized scoring when available) and
double-checked by an additional, blinded research assis-
tant.

Parents also completed a demographic form for each
child to obtain information about the participant’s age,
medical history, and family information. Parents were
asked to indicate whether their child had ever received a
diagnosis of ADHD, and whether they were receiving any
medications. Participants who were taking stimulant medi-
cation at the time of their testing appointment were not

required to refrain from taking the medication, in order to
facilitate unencumbered participation in the research, avoid
interfering with physician-prescribed medication regimens,
and reduce the potential for selection bias (i.e. loss of fami-
lies unwilling to withhold their child’s medication). One
participant in the sibling comparison group was prescribed
stimulant medication, which was taken on the day of test-
ing. Six (18.8%) participants with Noonan syndrome were
currently prescribed stimulant medication, but three were
not taking the medication on the date of testing (because
of ‘drug holidays’).

Statistical analysis
Statistical analyses were performed using the IBM SPSS

Statistics 21 package. Comparisons of the rate of ADHD
diagnosis within our samples relative to community sam-
ples was conducted using one-tailed exact binomial tests.
Group comparisons of children with Noonan syndrome
and their siblings employed z-tests for proportions and
independent sample t-tests for behavioral and parent rating
measures. A Holm-Bonferroni correction21 was applied to
adjust for multiple comparisons on tests that contained
multiple sub-scales (i.e. Test of Everyday Attention for
Children, BRIEF, Child Behavior Checklist). Standardized
scores were used for group comparisons except for those
using Child Behavior Checklist. As recommended in the
Child Behavior Checklist test manual, raw scores were
used (to avoid reduced variability in T-score transforma-
tions due to truncations at T<50),19 although analyses
using raw scores and T-scores yielded highly similar
results. Cohen’s d was calculated as an estimate of effect
size of the difference of scores between Noonan syndrome
and comparison groups on behavioral measures.22

Regression analyses were conducted to examine the rela-
tionships between attention skills and IQ test scores across
groups. Scores on each of the three behavioral attention
measures were entered as predictors in separate analyses,
with FSIQ as the outcome variable. Continuous predictors
(attention tests) were centered on the median score for that
measure. A binary indicator of group status (coded: Noo-
nan syndrome=1, sibling=0) was included, as well as an
interaction term (group9attention measure).

RESULTS
Intellectual functioning
Many individuals in the Noonan syndrome cohort (66%)
scored within the average range or higher on the Wechsler
Abbreviated Scale of Intelligence. Two participants (6%)
with Noonan syndrome scored in the IQ range consistent
with intellectual disability (FSIQ<70), two participants
(6%) scored in the borderline range (FSIQ: 70–79), and
the remaining seven participants (22%) performed mildly
below average (FSIQ: 80–84). Mean Verbal IQ was higher
than Performance IQ in the Noonan syndrome group
(mean difference=3.00, 95% confidence interval (CI)
�1.25–7.25), but this difference did not reach statistical
significance in this sample, t31=1.44, p=0.160. All of the

Table I: Description of subtests from the Test of Everyday Attention for
Children (TEA-Ch)14

Subtest Description

Score! This tone-counting measure assesses auditory
attention. Sets of computer-generated tones
ranging from 9 to 15 items are presented.
Children must silently count and then report the
number of tones heard. Scores are based on the
number of correct responses out of 10 trials.

Code
transmission

This vigilance task measures sustained attention
over a 12-minute test period. Children listen to a
lengthy, monotone series of numbers and are
required to monitor for a target sequence (i.e.
two 5s in a row). Whenever the target sequence
is heard, participants must state the number
immediately before the two 5s.

Walk,
Don’t Walk

This measure is a type of ‘Go/No-Go’ task used to
assess response inhibition. A response sheet
comprising ‘paths’ made of 14 squares is
provided. Children listen to computer-generated
sounds consisting of ‘Go’ tones, indicating that
they should mark a square along the path, and
‘No-Go’ tones, indicating that no mark should be
made. Children hold a marker pen
approximately 2cm above the sheet and are
asked to mark each step as long as they hear the
‘Go’ tone, but withhold from marking if they
hear the ‘No-Go’ tone. Scores are obtained
based on the number of correctly marked paths
out of 20 trials.
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sibling participants (100%) scored at or above the average
range on the Wechsler Abbreviated Scale of Intelligence.
Although the mean FSIQ for the Noonan syndrome group
was within the average range, children with Noonan syn-
drome scored significantly lower than unaffected siblings
with respect to FSIQ, t46=4.29, p<0.001, d=�1.31 (95% CI
�1.95≤d≤�0.64) (Table II).

ADHD symptomatology
In the Noonan syndrome group, 10 participants (31%) had
reportedly received a previous diagnosis of ADHD by a
medical professional. This rate is significantly higher than
the 11% diagnosis rate reported by parents in community
samples,23 exact binomial test, p=0.002. Based on parent
responses to the ADHD-RS administered for the present
study, 11 of the 32 participants (34%) with Noonan syn-
drome currently met diagnostic criteria for ADHD (five
predominately inattentive type; two predominately hyper-
active-impulsive type; four combined type). Six of those 11
children were individuals who had not been previously
diagnosed with ADHD. Of the ten children with Noonan
syndrome reported to have a previous diagnosis of ADHD,
five did not receive current parent ratings meeting diagnos-
tic criteria on the ADHD-RS. Three of those five were
currently prescribed stimulant medications, which may
have impacted parent ratings.

Parents of two participants (13%) in the unaffected sib-
ling group reported that their child had previously been
diagnosed with ADHD. This rate does not differ signifi-
cantly from the percentage of children reported to have
received an ADHD diagnosis in the general population.23

Of the comparison participants, only one (6%) met diag-
nostic criteria for ADHD (combined type) based on parent
ADHD-RS ratings. The child who did not meet ADHD-
RS symptom criteria, but was previously diagnosed with
ADHD, was currently prescribed stimulant medications.

A comparison of the proportion of children with Noo-
nan syndrome and the proportion of unaffected siblings
who met ADHD symptom criteria based on parent ratings
revealed a significant group difference, with more children
in the Noonan syndrome group meeting criteria for
ADHD, mean difference=0.28 (95% CI 0.02–0.54), z=2.12,

p=0.034. Attention difficulties in the Noonan syndrome
group were not always accompanied by intellectual deficits,
as 70% of those children with previous ADHD diagnoses
and 45% of those presently meeting criteria based on
ADHD-RS ratings demonstrated cognitive functioning
within the average range (FSIQ≥85).

Behavioral tests of attention
Performance was examined for children with Noonan syn-
drome and their siblings on the three behavioral tests of
attention (Table II). The Noonan syndrome group had
significantly poorer performance than the sibling group on
all three measures, including auditory attention, t41=2.12,
p=0.040, d=�0.69 (95% CI �1.33≤d≤�0.02), sustained
attention, t41=2.81, p=0.008, d=�0.91 (95% CI
�1.5≤d≤�0.23), and inhibitory control, t41=3.47, p=0.001,
d=�1.13 (95% CI �1.78≤d≤�0.43).

Parent report measures
Parent ratings of executive functioning skills and social-
emotional skills were compared for the Noonan syndrome
and sibling comparison groups (Table III). Results from
the BRIEF indicated that children with Noonan syndrome
were rated as having significantly more problems than their
unaffected siblings in two domains: working memory and
self-monitoring. Scores on the eight syndrome scales of
the Child Behavior Checklist were compared. Children
with Noonan syndrome were rated as having significantly
more problems than their unaffected siblings on both the
Attention Problems and Social Problems subscales. No
other significant differences were found after the Holm-
Bonferroni correction was applied.

Relationship between attention measures and intellectual
functioning
To test the hypothesis that children with fewer attention
problems would achieve higher IQ scores, we conducted a
series of multiple regression analyses using both Test of
Everyday Attention for Children subtest scores and Noo-
nan syndrome diagnosis as predictors of FSIQ (Table IV).
For all three analyses, group status was a significant predic-
tor of IQ, with unaffected siblings performing better on

Table II: Performance of children with Noonan syndrome and unaffected siblings on behavioral measures

Measure

Noonan syndrome Unaffected siblings

Mean difference
(95% CI)n Mean (SD)

Clinical impairment
(≤2.0SD below mean), % n Mean (SD)

Clinical impairment
(≤2.0SD below mean), %

Intellectual functioning (WASI)
Full-scale IQ 32 92.9 (14.6) 6 16 109.8 (8.2) 0 �16.9 (�24.8 to �9.0)
Verbal IQ 32 94.9 (14.7) 6 16 109.6 (8.7) 0 �14.7 (�22.7 to �6.6)
Performance IQ 32 91.9 (14.2) 6 16 107.4 (11.5) 0 �15.5 (�23.7 to �7.2)

Attention tests (TEA-Ch)
Score! 29 6.8 (3.4) 28 14 9.2 (3.7) 14 �2.4 (�4.7 to �0.1)
Code transmission 29 7.1 (3.2) 24 14 9.8 (2.5) 7 �2.7 (�4.7 to �0.8)
Walk, Don’t Walk 29 5.0 (2.7) 45 14 8.2 (3.2) 7 �3.2 (�5.1 to �1.4)

WASI, Wechsler Abbreviated Scale of Intelligence (normative standard score mean=100, SD=15);13 TEA-Ch, Test of Everyday Attention for
Children (normative scaled score mean=10, SD=3).14
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intellectual testing than children with Noonan syndrome.
For unaffected siblings, there was no significant association
between IQ and any of the attention measures. In contrast,
for the Noonan syndrome group, a 1-point increase in sus-
tained attention predicted a 2.66-point increase in IQ.
Similarly, a 1-unit increase in response inhibition predicted
a 3.95-point increase in IQ. Thus, for the Noonan syn-
drome group, a significant positive relationship was
observed between performance on attention measures and
intellectual functioning (Fig. 1).

DISCUSSION
Symptoms of ADHD can adversely impact social function-
ing and quality of life throughout the lifespan, placing an
individual at higher risk for problems with self-esteem,

difficulties in peer relations, and poorer educational and
occupational outcomes.24 Our results indicate that nearly
one-third of children with Noonan syndrome in the pres-
ent cohort had received a past diagnosis of ADHD from a
medical professional. Further, utilizing multiple scale types
(both DSM-criteria-based and broadband behavior scales),
we found that children with Noonan syndrome experience
significantly more problems with inattention and hyperac-
tivity/impulsivity than their unaffected siblings. Interest-
ingly, we observed only partial overlap (46% of cases)
between participants with Noonan syndrome who had a
past ADHD diagnosis and those currently exhibiting symp-
tom criteria based on the ADHD-RS. Several factors could
contribute to this finding, including developmental
changes, the beneficial use of stimulant medication among

Table III: Parent rating measures of executive functions and social-emotional functioning in individuals with Noonan syndrome and their unaffected
siblings

Measure

Noonan syndrome (n=32) Unaffected siblings (n=16)

Mean difference
(95% CI)Mean (SD)

Clinically elevated
(T-score ≥65) % Mean (SD)

Clinically elevated
(T-score ≥65), %

Executive functioning (BRIEF)
Inhibition 57.0 (14.4) 28 46.4 (12.3) 6 10.6 (2.1 to 19.1)
Attention Shift 54.0 (14.4) 19 45.5 (9.4) 6 8.5 (0.5 to 16.5)
Emotional control 54.3 (14.3) 25 48.8 (14.6) 13 5.4 (�3.4 to 14.3)
Initiation 56.3 (13.7) 34 48.8 (11.4) 6 7.4 (�0.6 to 15.4)
Working memory 59.7 (13.6) 34 46.8 (12.7) 13 12.8 (4.6 to 21.0)
Plan/Organize 57.2 (12.6) 38 46.8 (12.2) 13 10.4 (2.7 to 18.1)
Organization of materials 53.4 (12.2) 25 49.1 (9.6) 6 4.3 (�2.8 to 11.3)
Self-monitor 58.0 (13.6) 38 46.2 (11.5) 13 11.8 (3.8 to 19.8)

Social-Emotional Functioning (CBCL)
Anxious/Depressed 4.4 (5.0) 16 5.1 (5.2) 25 �0.7 (�3.9 to 2.4)
Withdrawn/Depressed 1.8 (2.8) 13 2.1 (2.9) 13 �0.3 (�2.0 to 1.5)
Somatic complaints 3.6 (3.8) 31 1.7 (3.1) 13 1.9 (�0.3 to 4.1)
Social problems 5.3 (3.7) 38 2.5 (3.4) 13 2.8 (0.6 to 5.1)
Thought problems 3.2 (3.5) 22 1.6 (2.0) 13 1.5 (�0.4 to 3.4)
Attention problems 7.8 (5.2) 38 2.4 (3.5) 6 5.4 (2.5 to 8.3)
Rule-breaking behavior 2.2 (3.3) 3 1.4 (2.9) 6 0.8 (�1.2 to 2.7)
Aggressive behavior 6.3 (6.4) 16 5.0 (7.1) 13 1.3 (�2.9 to 5.4)

Statistically significant group differences after applying a correction for multiple comparisons are indicated in bold; BRIEF, Behavior Rating
Inventory of Executive Function (T-scores);20 CBCL, Child Behavior Checklist (Raw Scores).19

Table IV: Results of regression models for prediction of intellectual functioning (WASI FSIQ) based on attention measures and group status

Model
Regression
coefficient (B) 95% CI for B t p Adjusted R2

Model 1: IQ scores predicted by auditory attention (TEA-Ch: Score!)
Intercept 109.27 102.30–116.24 0.35
Group �13.83 �21.93 to �5.74 �3.46 0.001
Auditory attention 0.14 �1.52 to 1.80 0.17 0.869
Group9Auditory attention interaction 1.64 �0.42 to 3.71 1.61 0.115

Model 2: IQ scores predicted by sustained attention (TEA-Ch: Code Transmission)
Intercept 109.45 102.98–115.92 0.49
Group �11.85 �19.35 to �4.34 �3.19 0.003
Sustained attention 0.07 �2.06 to 2.20 0.06 0.949
Group9Sustained attention interaction 2.66 0.22–5.09 2.21 0.033

Model 3: IQ scores predicted by response inhibition (TEA-Ch: Walk, Don’t Walk)
Intercept 110.47 104.53–116.41 0.57
Group �11.74 �18.67 to �4.80 �3.42 0.001
Response inhibition �0.41 �1.97 to 1.16 �0.52 0.603
Group9Response inhibition interaction 3.95 1.94–5.95 3.98 <0.001

WASI FSIQ, Wechsler Abbreviated Scale of Intelligence13 Full-scale IQ; TEA-Ch, Test of Everyday Attention for Children.
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some children, and/or differences in assessment practices.
Clinically, diagnostic interviewing and acquisition of collat-
eral information from school professionals are routinely
used in ADHD assessment. Indeed, the lack of teacher
forms to cross-reference with parent behavior ratings is a
significant limitation of the current study. Nevertheless,
parent rating scales are known to be highly reliable and
valid measures of ADHD symptomatology, and have dem-
onstrated sensitivity to behavioral and pharmacological
treatment effects.25 In our cohort, parent ratings were gen-
erally consistent with behavioral testing; only two of the 12
individuals meeting symptom criteria on ADHD-RS (one
child with Noonan syndrome, one sibling) demonstrated
performance within the normal limits on all of the Test of
Everyday Attention for Children tasks without the benefit
of stimulant medication.

A particular strength of the current study was the inclu-
sion of empirically validated behavioral tests of attention.
Our results indicate that children with Noonan syndrome
show greater deficits on tasks assessing attentional regula-
tion relative to unaffected children. The largest effect size
was seen on the ‘Walk, Don’t Walk’ subtest, a task that
depends not only on attentional vigilance, but also on
executive functions (e.g. withholding of automatic
responses). For all three measures employed in the present
study, children with ADHD have been shown to demon-
strate reliable and disproportionate deficits compared with
children without ADHD.15,16 Thus, our findings indicate
some degree of similarity between the behavioral deficits
observed in a portion of children with Noonan syndrome
and those with idiopathic ADHD.

Our results also suggest the possibility that ADHD may
be underdiagnosed in Noonan syndrome, and/or that
mild-to-moderate attention problems are present among
some individuals who do not meet full clinical criteria. Six
individuals with Noonan syndrome (19% of the full
cohort) received parent ratings consistent with DSM-5
diagnostic criteria for ADHD, but had not previously

received this diagnosis. Moreover, clinically significant
impairments on one or more behavioral tests of attention
were present among 10 of the 22 (45%) participants with
Noonan syndrome without a previous ADHD diagnosis.

It should also be noted that missing data from two chil-
dren with Noonan syndrome who were unable to complete
the behavioral tasks (because of severe attention problems)
implies that the observed mean difference in attention
skills in this study may represent an underestimate of the
true magnitude of the difference between children with
Noonan syndrome and their unaffected peers. Further, our
analyses excluded a participant with a mutation in BRAF (a
gene more commonly associated with cardiofaciocutaneous
syndrome than Noonan syndrome), who had a previous
diagnosis of ADHD and was also unable to complete the
behavioral attention measures because of difficulty focusing
on the tasks. This suggests that gene mutations throughout
the RASopathy spectrum are associated with increased risk
for significant attention problems, and that more liberal
inclusion criteria could result in yet higher rates of
observed attention difficulties.

With regard to impact on daily life, ADHD symptoms
may interfere with a child’s ability to learn and retain
information and/or to demonstrate their true cognitive
capabilities.26 In our sample, performance on the attention
measures explained significant variation in IQ scores
obtained from study participants (Table IV). Importantly,
the relationship between attention skills and IQ was of
greater magnitude in children with Noonan syndrome than
in the comparison group. Although these findings are lim-
ited by the relatively small sample size of the comparison
group, they suggest the possibility that attention problems
could contribute to poorer performance on measures of
cognitive ability in Noonan syndrome. Alternatively, the
close relationship between intellectual and attentional func-
tioning in Noonan syndrome could indicate that both
capacities may be impacted by neurodevelopmental differ-
ences resulting from aberrant RAS-MAPK signaling.
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Figure 1: Relationship between behavioral attention measures and intellectual functioning in children with Noonan syndrome and unaffected siblings:
(a) auditory attention; (b) sustained attention; (c) response inhibition. FSIQ, Full-scale IQ; TEA-Ch, Test of Everyday Attention for Children.
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Certainly, the finding that children with Noonan syn-
drome are at heightened risk for impairments in attention
and aspects of executive functioning has implications with
respect to underlying neural circuitry that may be affected
by pathological cellular signaling in Noonan syndrome.
Recent research using mouse models has demonstrated that
proteins in the RAS-MAPK signaling pathway are involved
in regulating release of inhibitory neurotransmitters in pre-
frontal and striatal networks.4 This discovery has been fur-
ther extended by research demonstrating a relationship
between reduced activity in cortical-striatal circuits (espe-
cially within dorsolateral prefrontal cortex) and impaired
working memory performance in humans with NF1.4

Although less extensively studied than NF1, previous
research on Noonan syndrome has documented a higher
rate of impairments on cognitive tasks measuring working
memory capacity.8 Results of the current study expand on
this finding to show that working memory impairments in
Noonan syndrome may result in functional deficits in
everyday life (e.g. forgetting steps within a task, becoming
easily distracted during activities). Parent ratings of execu-
tive functioning in our study also identified self-monitoring
(e.g. being aware of how a behavior affects others, under-
standing one’s own strengths/weaknesses) as a significant
problem area for many individuals with Noonan syndrome.

Lastly, with respect to behavior, the two areas that most
distinguished children with Noonan syndrome from unaf-
fected siblings were attention problems and social difficul-
ties. A key objective for future research will be to identify
whether stimulant medications, which have known effec-
tiveness in improving behavioral outcomes in NF1,27 are
also beneficial for children with Noonan syndrome.
Research is also needed to investigate whether social diffi-

culties in Noonan syndrome are secondary to problems in
other domains (e.g. cognitive, motor, or attention deficits),
or whether these difficulties reflect a more pervasive
impairment in reciprocal social interaction. Finally, preli-
minary unreported analyses were suggestive of a genotype-
phenotype correlation with regard to risk for attention dif-
ficulties, but a small sample size and lack of identified
mutations from several participants limited our ability to
provide conclusive evidence. We hope to have a larger
cohort to fully address this question in the future. Ulti-
mately, identification of attention problems and other psy-
chiatric comorbidities will be an important element in
developing appropriate educational and treatment goals to
benefit individuals with Noonan syndrome and other RAS-
opathies.
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