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Noonan syndrome is a well-known au-
tosomal dominant condition character-
ized by a typical face, short stature, and
a congenital heart disease. Mild mental
retardation has been described as a fea-
ture of the syndrome.1 The incidence of
NS has been estimated as 1 in 2000 live
births,2 which makes NS one of the
more frequently occurring multiple
congenital anomalies syndromes. In the
absence of a specific biochemical mark-
er, the diagnosis of NS is still based on
clinical criteria. A gene for autosomal
dominant NS has been found on chro-
mosome 12q, but this gene has not been
characterized yet.3,4

The phenotypic expression of NS is
highly variable and changes with age.5

In childhood the typical face has a tri-
angular shape with a high broad fore-
head and a pointed chin, hyper-
telorism, ptosis, downward-slanting
palpebral fissures, low-set posteriorly

rotated ears with a thick helix, and a
short broad neck with a low hairline.
The most common heart defects are
pulmonary valve stenosis in 65% of the
patients and/or a hypertrophic ob-
structive cardiomyopathy in 20%.
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CBCL Child Behavior Checklist
NS Noonan syndrome
PIQ Performance IQ
RPM Raven Progressive Matrices
VIQ Verbal IQ
VMI Visual-Motor Integration

Objective: To evaluate the cognitive profiles of children with Noonan
syndrome (NS) and to relate these profiles to measures of overall clinical
severity.

Study design: Thirty-five children with NS between the ages of 7 and 18
years were tested on their intellectual, psychosocial, and academic function-
ing. The diagnosis of NS was established on the presence of a typical face,
the characteristic heart defect, thorax deformity, short stature, affected first-
degree relative(s), and cryptorchidism in male subjects.

Results: The total group of children with NS (n = 35) achieved significant-
ly lower mean full-scale IQ, verbal IQ (VIQ), and performance IQ (PIQ)
scores (between 85.9 and 89.3) than expected based on normative data. The
individual full-scale IQ scores varied between 48 and 130. Because of this
wide range of individual scores, the mean group values are not extremely
informative. The mean full-scale IQ for the group with moderate NS (n =
19) is 90.8; for the children with severe NS (n = 16) the mean full-scale IQ
is 80.6. The patterns of discrepancies between VIQ and PIQ are: (1) an ex-
treme discrepancy between VIQ and PIQ is most likely to emerge in chil-
dren with severe NS with (low) average intellectual abilities; (2) children
with moderate NS are more likely to attain similarities in VIQ and PIQ
scores; and (3) children with moderate NS demonstrate a particular pattern
of discrepancy between VIQ and PIQ (ie, VIQ > PIQ).

Conclusion: For children with NS, the findings on physical examination
are indicative of the pattern of cognitive abilities. NS is not associated with
substantial deficits in the level of intellectual functioning or with a
single/unitary cognitive pattern. Severe NS expression, however, predicts in
part a specific pattern of deficits and capacities in cognitive functioning.
(J Pediatr 1999;135:707-13)
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Other features frequently seen in NS
are pectus deformities (up to 95%) and
cryptorchidism in male patients (77%).

Most review articles mention mild
mental retardation in 15% to 35% of pa-
tients with NS.2,6-8 However, there are
only limited data on cognition and intel-
ligence in NS. Money and Kalus9 de-
scribed IQ and specific disabilities in 8
male patients. They reported full-scale
IQ scores that were variable, ranging
from 64 to 127. One patient showed
substantial verbal disabilities, and 4 pa-
tients had major apractic disabilities.
The authors comment that despite the
small number of patients, their study in-
dicated that involvement of cognition in
NS is sporadic.9 In 1988 Finegan and
Hughes10 reported one affected member
of a family with NS who had very supe-
rior intelligence (full-scale IQ of 133).
Cornish11 reported strengths in non-
verbal skills and weakness in verbal
skills in a mother and 2 daughters with
NS. Recently, a study of cognitive abili-
ties in 51 children with NS with a mean
age of 9 years 7 months demonstrated a
mean (SD) full-scale IQ of 84.3 (21.6),
and in 41% of the cases the verbal IQ
was lower than the performance IQ (M.
Patton, unpublished data).

The primary aim of this study was to
evaluate the cognitive profiles of chil-
dren with NS. Because we hypothe-
sized that the intellectual phenotype
could be related to the clinical pheno-
type of NS, we established indices for
general levels of intelligence (IQs) and
cognitive profiles (VIQ and PIQ) for
35 school-aged children with NS and
related these indices to 2 subtypes of
phenotypic expression in NS.

SUBJECTS AND
METHODS

Clinical Diagnosis

Thirty-five children with NS between
the ages of 7 and 18 years were tested on
their intellectual, psychosocial, and aca-
demic functioning. The diagnosis of NS
was established based on the presence of

a typical face, the characteristic heart
defect, typical thorax deformity, short
stature, affected first-degree relative(s),
and cryptorchidism in male subjects.
Children with a typical face had to have
at least one other major characteristic of
the syndrome, whereas those with sug-
gestive facial findings had to have at
least 2 other major characteristics in
order to be diagnosed as having NS.3

Relevant clinical information about
the children was obtained from their
hospital case notes, parental accounts,
and clinical examination. This included
features diagnostically relevant for NS
such as weight and height curves,
major feeding problems in infancy, hy-
potonia, recurrent otitis, ocular abnor-
malities, and a history of easy bruising.
Twenty-nine of the 35 children with
NS were also evaluated on their socio-
emotional functioning by the Child
Behavior Checklist, completed by a
primary caretaker (mothers, 82%; fa-
thers, 11%; other, 7%) after informed
consent was obtained.

Phenotypic Patterns of NS
For subject classification of NS ex-

pression, 4 major physical characteris-
tics of NS were applied: (1) facial find-
ings, (2) cardiac defects, (3) short
stature, and (4) chest wall deformities.
According to the nature of these 4 char-
acteristics, we made a subdivision be-
tween major (A) and minor (B) char-
acteristics. These major versus minor
features are (1) typical face versus sug-
gestive face, (2) pulmonary valve
stenosis and/or hypertrophic obstruc-
tive cardiomyopathy versus other con-
genital heart defects, (3) height below
the 3rd percentile versus height below
the 10th percentile, and (4) pectus cari-
natum/excavatum versus broad thorax
with large inter-nipple distance. Based
on the pattern of these phenotypic
characteristics, each patient received a
severity rating of NS expression.

Intellectual Assessment
The Dutch adaptation of the Wech-

sler Intelligence Scale for Children-

Revised12 was used to assess intellec-
tual ability. The full-scale intelligence
(total IQ) of the WISC-RN is based
on 12 subtests, each designed to mea-
sure either the verbal or performance
ability of a child. In the verbal section
the tests are Information, Similarities,
Arithmetic, Vocabulary, Comprehen-
sion, and Digit Span. In the perfor-
mance section the tests are Picture
Completion, Picture Arrangement,
Block Design, Object Assembly, Cod-
ing, and Mazes. Each section is scored
separately, and both a “verbal IQ” and
a “performance IQ” are obtained. The
mean value of the total, verbal, and
performance IQ scores is 100 (SD =
15). A substantial difference between
VIQ and PIQ of more than 11 points
is considered clinically important for a
disparity in cognitive pattern.13 An IQ
range between 51 and 70 was typified
as “mildly mental retarded” (Interna-
tional Classification of Diseases, Ninth Re-
vision, Clinical Modification) according to
Diagnostic and Statistical Manual of Men-
tal Disorders, Fourth Edition classifica-
tion. Several areas of cognitive func-
tioning (eg, verbal comprehension,
perceptual organization, spatial knowl-
edge, sequencing abilities, memory,
freedom from distractibility) were
evaluated by regroupings of WISC
subtests proposed by Bannatyne14 and
Kaufman.15

In addition to the WISC-RN, the Vi-
sual-Motor Integration (VMI) and
Raven Progressive Matrices cognitive
tests were used to evaluate perceptual
and motor skills16 and inductive rea-
soning ability.17 The youngest children
(<9 years) received the colored version
of the Raven test, whereas for the older
children the standard (uncolored) ver-
sion was used. For 2 subjects (17 and
18 years old), an adult version of the
WISC-RN (the Wechsler Adult Intel-
ligence Scale) was used. The WISC-
RN subscale Mazes was added, be-
cause the WAIS does not include this
subtest. Lezak18 indicated that it is ap-
propriate to use the Mazes subscale
and its highest WISC-R norm (16.0-
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16.5) to estimate the adequacy of the
adult performance.

Statistical Analyses
In order to facilitate comparison

among the WISC-RN test and the 2
other cognitive tests (ie, VMI and
RPM), the percentile scores of the lat-
ter tests were converted to age-related
IQ equivalents. Means and SDs were
computed for all IQ-related measures
of the WISC-RN, RPM, and VMI.
For a comparison of means, standard
parametric methods of analysis were
used when scale properties permitted
this. Two-tailed t tests were used to
compare the means of the different
subtests and subscales of the WISC-
RN, and a 1-tailed paired t test was
used to assess directional differences.
To investigate linear relationships be-
tween clinical and intellectual data,
Spearman R coefficients of correlation
were computed for those variables
measured on an ordinal scale.

Statistical evidence was found at P
levels of .05. All data were entered and
analyzed by using SPSS/PC (SPSS-
WIN, 1993). Test administration and
analysis were carried out by the same
examiner (G.T.) for all 35 cases.

RESULTS

Clinical Data
The sample consists of 23 boys and

12 girls.*

Besides the 22 patients with a typical
heart defect, 2 patients had a coarcta-
tion of the aorta and one had an atrial
septal defect with mitral valve insuffi-
ciency. In 10 patients (29%) no con-
genital heart disease was present. At
the time of diagnosis, height was below
the 3rd percentile in 26 children
(74%); at the moment of cognitive test-
ing, 20 of these (57%) still had a height
below the 3rd percentile. Of the total
sample of 35 children with NS, 19 chil-
dren (54%) received growth hormone
therapy. The mean duration of treat-
ment at the time of the intellectual as-
sessment was 2 years. The remaining 6
children had reached a height just
above the 3rd percentile at the moment
of cognitive testing. Seventeen (74%)
of the 23 boys had undescended testes
at birth. A history of easy bruising or
bleeding was mentioned in 16 patients
(46%). Major feeding problems, lead-
ing to poor weight gain in infancy,
were reported in 17 of the cases (49%).
Ocular abnormalities with impaired vi-
sion were observed in 15 children
(43%), and recurrent otitis in 8 (23%).
Two children had a drain because of
hydrocephalus.

The results of the CBCL were com-
pared with those of Dutch standard
populations. The children with NS
showed more behavior problems than
the control group but not in the clinical
area. Clusters of behavior problems
that scored high in the parental reports
were social problems, attention prob-
lems, and somatic complaints. No cor-
relation was found between the total
results of the CBCL and gender, age,

phenotypic expression, or educational
setting (Roosenboom et al, unpub-
lished data). None of the children had
the clinical diagnosis of attention-
deficit/hyperactivity disorder.

Sample Characterization
According to Phenotypic
Expression

The distribution of males and fe-
males in the sample was approximately
2:1 (Table I). Similar gender rates
were observed for both phenotypic
subgroups. The over representation of
males in this study proved not statisti-
cally significant (χ2 = 3.46, df = 1, P =
.063). The mean age of the children at
intellectual assessment was 12.4 years
(range, 7.4-18.1 years). Fifteen chil-
dren (43%) required special education
at schools for children with severe
learning disorders, which is signifi-
cantly greater than the 4% of the
Dutch school-aged population that at-
tend these schools (χ2 = 41.98, df = 1, P
< .001).

Of the children with the classifica-
tion “severe NS,” almost 70% (11/16)
attended schools for children with se-
vere learning disorders, compared
with 21% (4/19) of the children with
“moderate NS.”

General Level of Intellectual
Ability

As a group, the children with NS
achieved significantly lower mean full-
scale IQ scores than expected based on
normative data (mean = 100, SD = 15)
(t = –3.24, df = 68, P < .05) (Table II).
In 34% of the children with NS, we
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*Individual subject data are available from
the authors on request.

Phenotypic Sex Age group Education type

classification Total No. Male Female 6-12 y 12-18 y Regular Special

Severe NS 16 11 5 9 7 5 11
Moderate NS 19 12 7 6 13 15 4

Total 35 23 (66%) 12 (34%) 15 (43%) 20 (57%) 20 (57%) 15 (43%)

Table I. Classification by sex, age, and education at date of intellectual assessment
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observed average intellectual abilities
(IQs 85-115). This proportion is sig-
nificantly smaller than the 68.2% in the
general population (χ2 = 12.94, df = 1,
P < .001). Mental retardation (IQ
below 70) was present in 8 children
(23%), which is significantly greater
than in the general population (2.3%)
(χ2 = 65.82, df = 1, P < .001). The pro-
portion of children performing in the
range of borderline or superior intelli-
gence was as expected under a normal
distribution (χ2 < 3).

The mean scores for full-scale IQ,
VIQ, and PIQ were quite similar (be-
tween 85.9 and 89.3). These IQ scores
represent “low-average” intellectual
capabilities. The measures of the
Raven IQ and the VMI IQ point out
that the children with NS, as a group,
had adequate (average) inductive rea-
soning and visual-motor abilities.

The intra-group variability, defined as
the coefficient of variation (SD/mean),
was high for all the IQ measures and

for both subgroups of phenotypic ex-
pression. Significant differences be-
tween the 2 subgroups were observed
only for VIQ and Raven IQ (t > 2.10,
df = 33, P < .05). On these IQ mea-
sures, children with moderate NS
achieved average scores in comparison
with age-related standardization sub-
ject samples, whereas children with se-
vere NS achieved below-average
scores. The observed differences be-
tween both subgroups on the other IQ
parameters (ie, full-scale IQ, PIQ, and
VMI IQ) did not reach levels of signif-
icance (P < .05).

Distribution of Intelligence
A substantial number of the children

with NS functioned intellectually in a
borderline range (IQ < 85) (Fig 1).
This finding suggests that NS is linked
with a general shift of the IQ distribu-
tion downward. Moreover, this obser-
vation led us to question whether this
lowering of full-scale IQ is attribut-

able to the effect of a specific pattern
in verbal-performance discrepancy or
to specific dips in performance on par-
ticular subtests.

Patterns of Discrepancy Between
VIQ and PIQ

The mean difference in IQ points be-
tween VIQ and PIQ was +3.4 (15.5) in
the total NS group, –1.9 (18.2) in the
severe NS group, and 7.9 (11.5) in the
moderate NS group (Table III). The
observed difference between VIQ and
PIQ (95.3 vs 87.4) in subjects with
moderate NS was not statistically sig-
nificant (t = 1.31, df = 36, P = .20). Fo-
cusing on the direction of the discrep-
ancies (VIQ > PIQ or PIQ > VIQ), the
pattern VIQ > PIQ occurred more
often than PIQ > VIQ: 9 children had
a VIQ > PIQ disparity of 12 points or
greater, whereas only 4 children had a
PIQ > VIQ of this magnitude.

The individual performances on the
VIQ and PIQ tests are displayed in an
XY plot (Fig 2). In order to substantiate
the observed trends in patterns of VIQ
and PIQ across phenotypic subgroups,
separate correlations were performed.
In the total population, no significant as-
sociation between clinical phenotype
and VIQ–PIQ pattern was found (τ =
0.13, n = 35, P > .10). Because it is high-
ly unlikely to find significant disparities
between domains of intellectual func-
tioning of mentally retarded children
(because of floor effects), we excluded
these subjects from the analyses. A sig-
nificant association was found between
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VIQ-PIQ discrepancy

>11 points ≤11 points

Classification VIQ > PIQ PIQ > VIQ Total PIQ ~ VIQ

Severe NS 3 4 7 (44%) 9 (56%)
Moderate NS 6 0 6 (32%) 13 (68%)

Total 9 (69%) 4 (31%) 13 (37%) 22 (63%)

VIQ > PIQ: VIQ exceeds PIQ; PIQ > VIQ: PIQ exceeds VIQ.

Table III. VIQ-PIQ discrepancy (intellectual patterns) for all patients with NS

Total population Severe NS Moderate NS

IQ scores Mean SD No. Mean SD No. Mean SD No.

Full-scale IQ 86.14 20.39 35 80.63 20.39 16 90.79 19.24 19
VIQ 89.26 19.28 35 82.13 19.75 16 95.26 17.14 19
PIQ 85.86 21.25 35 84.06 23.29 16 87.37 19.89 19
Raven IQ 99.66 18.19 35 91.94 18.67 16 106.16 15.39 19
VMI IQ 90.94 14.39 35 88.13 15.72 16 93.32 13.12 19

Normative IQ scores: mean = 100; SD = 15.

Table II. IQ scores and IQ equivalents for patients with NS
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clinical and intellectual phenotype (τ =
0.39, n = 27, P < .05).

Subtest Scatter
The subtest scores on the WISC-RN

in the NS subgroups are presented in
Table IV. When both subgroups were
compared, the severe NS group had
significantly lower mean subtest scores
on acquired knowledge (subtest Infor-
mation) (t = –2.69, df = 33, P = .011),
computational abilities (subtest Arith-
metic) (t = –2.57, df = 33, P = .015), and
auditory short-term memory (subtest
Digit Span) (t = –2.19, df = 32, P = .036).

Regroupings of the subtest scores
(Table IV) revealed that particular
areas of cognitive functioning are vul-
nerable in children with NS, namely,
the ability to organize perceptual infor-
mation, planning abilities, the ability to
work synthetically, and spatial knowl-
edge. The NS group performed rela-
tively well on tasks that require verbal
comprehension, abstract reasoning, and
social awareness or judgment. The per-
formance of children with severe NS
was significantly poorer (P < .05) than
that of children with moderate NS on
tasks that reflect focusing attention, ac-
quired knowledge, short-term memory
(especially repetitive memory skills),
and achieving without time pressure.

DISCUSSION

Based on well-standardized tests of
mental ability, our results show that
children with NS have a wide range in
level of intelligence (IQ scores be-
tween 48 and 130). For the total NS
population, the mean full-scale IQ of
86.1 is nearly 1 SD below the general
population mean (IQ 85-115). Similar
discrepancies are observed for the
mean VIQ (89.3) and the PIQ (85.9).

Because of the wide range of individ-
ual IQ scores, the mean group values
are not extremely informative. We hy-
pothesized that there would be an as-
sociation between the severity of phys-
ical expression of NS in terms of

moderate and severe (clinical pheno-
type) and the cognitive abilities in
terms of IQs (intellectual phenotype).
Sixteen of the 35 children with NS
(46%) participating in this study are
severely affected with regard to the
physical signs of NS (ie, typical facies,
congenital heart defect, thorax defor-
mity, and short stature). The other 19
children are moderately affected.
When the sample is subdivided into
these 2 groups, the full-scale IQ mea-
sures differ in favor of the group with
moderate NS. For VIQ and on the
Raven IQ test, the differences are sig-
nificant. Discrepancies between VIQ

and PIQ are observed in 44% of the
children with severe NS and in 32% of
the children with moderate NS. Ex-
treme discrepancies between VIQ and
PIQ are more prominent in children
with severe NS, whereas children with
moderate NS are more likely to
demonstrate a particular pattern of dis-
crepancy between VIQ and PIQ (ie,
VIQ > PIQ).

The relative strengths of children
with NS are non-verbal reasoning, ver-
bal comprehension, social judgment,
and visual-motor abilities. Children
with NS exhibit specific weaknesses in
spatial knowledge and planning abili-
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Fig 1. Distribution of full-scale IQ for children with NS (n = 35).

Fig 2. Patterns of discrepancy between VIQ and PIQ for children with severe NS (n = 16) and
moderate NS (n = 19), based on clinical classification for 35 cases of NS.
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ties. This leads to limited abilities in or-
ganizing academic tasks (especially
working synthetically), which leads to
difficulties in school. Areas of cognitive
functioning that require special atten-
tion in early school years are the child’s
capacities for organization, memoriza-
tion, and focusing attention.

Based on the results of this study, 2
questions related to the occurrence of
mental disabilities in NS and its role in
school reference can be answered.

The first question is whether mental
deficiency is a specific feature of NS.
There is a higher prevalence of chil-
dren with NS in the schools for chil-
dren with severe learning disorders
(43%) than in the general Dutch pop-
ulation (4.8%). This is especially true
for children with severe NS (69% vs
21% for those with moderate NS).
This finding suggests that mild mental
deficiency is more frequently found in
patients with NS than in healthy chil-
dren, although patients with NS may
have even superior intelligence.

The second question is whether the
intellectual capabilities of children
with NS are used as major criteria for
access to special education services.

First, the majority (77.7%) of children
with NS and normal mental capacities
(IQ > 84) attend regular schools. Two
children with normal intelligence
scores (89 and 93) attended schools for
children with learning disorders be-
cause they had difficulty in the large
classes in regular schools. The third
child, who had an IQ score of 118, at-
tended special education school at the
request of his parents. Second, a 1-way
analysis of variance revealed that the
mean score of total IQ for children in
special education is significantly lower
than that for children in normal educa-
tion settings (F = 14.46, df = 33, P <
.01). These findings suggest that chil-
dren with NS are referred to special
schools because of below-average in-
tellectual capacities. There was also no
overrepresentation of children with
NS and social and/or attention prob-
lems at the schools for severe learning
disorders. However, the children with
NS who attended special education
schools had more somatic complaints
than the children who attended regular
schools (Roosenboom et al, unpub-
lished data). For children with the di-
agnosis of NS, we recommend a thor-

ough physical examination with em-
phasis on tests for vision and hearing.
We also recommend an assessment of
intellectual and academic function, as
well as neuropsychologic skills, with
the WISC-RN test, the VMI, and the
RPM. The results of these tests point
out the relative strengths and specific
weaknesses of the child with NS. The
children should be tested in early
school years so special attention can be
given to the more limited capacities
and the relative strengths exposed.

We thank the participants and their families
for their cooperation.
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50 Years Ago in The Journal of Pediatrics
THE USE OF CAROB FLOUR IN THE TREATMENT OF DIARRHEA IN INFANTS AND CHILDREN

Smith AE, Fischer CC. J Pediatr 1949;35:422-6

This non-randomized study was done in 1948 to evaluate the effect of carob powder on infants with diarrhea. All 30
infants underwent the then customary period of “starvation,” during which food (excluding water and electrolytes) was
withheld. During this period of “bowel rest” (usually 24 to 36 hours), osmotic diarrhea, the cause of most infantile
diarrheas, showed apparent improvement. After this period, these infants were treated with a formula made of carob
powder. Stool consistency and weight gain were monitored. Of the 30 infants, 29 had formed stools by the third day of
therapy. Most infants responded within the first 2 days. Weight gain paralleled improvement in stool consistency. The
authors concluded that carob powder improved stool consistency.

The fruit of the carob tree provides us with carob powder, an ancient diarrheal remedy rich in starch and fiber. How
does carob powder work? The answer to this question can provide some insights into the nutritional therapy for
diarrhea. Randomized studies with rice starch and carob powder have concluded that these agents decrease stool
output and duration of diarrhea when compared with regular oral rehydration solution (ORS). Both ORS and starch-
based ORS facilitate water and sodium absorption via the sodium-glucose co-transporter. However, the lower osmotic
load of starch-based ORS may explain its superiority. Plant-based foods also contain proteins, fats, and minerals that
provide more balanced nutrition during diarrheal illness. The proteins present in these foods utilize separate
glucose–amino acid co-transporters that further promote glucose absorption. By improving stool consistency, these
foods can improve parental acceptance and encourage quicker resumption of feeding age-appropriate foods.

Fiber given in the form of carob powder or soy polysaccharide increases stool consistency and causes an apparent
decrease in duration of diarrhea. The bulking effect of fiber can explain some of these actions. However, long-term
feeding of high-fiber–containing substances may decrease the absorption of protein and some micronutrients.

Other elements, such as the tannins in carob powder, may ameliorate diarrhea by binding bile acids and bacterial
toxins and inhibiting the growth of bacteria. Boiled rice contains an element that blocks intestinal secretion in some
cases of toxin-mediated diarrhea.

The search for better therapies for infants with acute diarrhea has provided us with the all-important ORS, and ther-
apeutic starvation has given way to early, appropriate feeding. The search for a better, cheaper, nutritious, culturally
acceptable, and more readily available ORS and the need to identify foods that are appropriate for infants with
diarrhea have led to some success with various plant-based foods, such as rice starch, carob powder, and soy polysac-
charide. The search continues.
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