nature publishing group

| Articles

Clinical Investigation

Growth references for Japanese individuals with Noonan
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BACKGROUND: Noonan syndrome (NS) is a clinically and
genetically heterogeneous syndrome characterized by distinc-
tive facial features, short stature, congenital heart diseases, and
other comorbidities. NS-specific growth charts are essential
for NS care, but currently no such charts are available for Asian
populations.

METHODS: We conducted a nationwide survey by collaborat-
ing with three academic societies in Japan. We obtained the
data of 356 clinically diagnosed NS subjects from 20 hospitals.
The Lambda-Mu-Sigma method was used for establishing
growth charts.

RESULTS: A total of 308 subjects (males: 159 and females:
149) were analyzed after excluding 48 subjects because of
missing auxological data (26 subjects), presence of complica-
tions affecting growth (5 subjects), and extreme longitudinal
growth aberrations which lay more than three standard devi-
ation scores from the mean in this population (17 subjects).
Genetic analyses were performed in 150 patients (48.7%);
103 (68.7%) were reported to have some abnormalities in the
known causative genes. Cardiovascular diseases were found in
256 patients (83.1%). The NS-specific height, weight, and BMI
charts were constructed with 3,249 mixed longitudinal and
cross-sectional measurements.

CONCLUSION: Growth standards for Japanese individuals
with NS were established. These charts are expected to be
used in various clinical settings.

N oonan syndrome (NS) is a clinically and genetically het-
erogeneous syndrome characterized by short stature, chest
deformity, congenital heart disease, distinctive facial features
that change with age, and other comorbidities (1,2). The clini-
cal features in NS can vary within the same family but become
more subtle in adult life (3). NS is relatively common, with an
estimated prevalence of between 1 in 1,000 to 1 in 2,500 live
births (2,4,5). Based on the cardinal features, the follow-up and
comprehensive care for NS patients require a multidisciplinary
team of specialists. As NS is characterized by marked variable

dysmorphic appearances (6), it is often diagnosed by pediat-
ric geneticists. Pediatric cardiologists also have an important
role in NS care as it is the second most common syndromic
cause of congenital heart disease, exceeded in prevalence only
by trisomy 21 (7). In addition, children with NS often pres-
ent to pediatric endocrinologists because of their short stature,
delayed puberty, or undescended testes in males (3).

The protein-tyrosine phosphatase, nonreceptor type 11
(PTPNI1I) gene was the first causative gene identified in NS
patients. It encodes a tyrosine phosphatase protein involved in
the Ras/mitogen-activated protein kinase signaling pathway
(8). The protein is expressed throughout the body and plays a
crucial role in cellular response to growth factors, hormones,
cytokines, and cell adhesion molecules. There is increasing
evidence that germline mutations in the genes involved in
the Ras/mitogen-activated protein kinase signaling pathway
cause NS and Noonan-related syndrome (9). While mutations
in such genes were identified in ~60-70% of patients with NS
phenotype (10,11), the diagnosis of NS remains clinical (2,12).
Several scoring systems are currently available to aid in the
diagnostic process, with the one developed by van der Burgt
et al. (13) in 1994 being the most widely used.

At present, there are disease-specific growth charts for sev-
eral syndromes, such as Prader-Willi syndrome, Down syn-
drome, Williams syndrome, and Turner syndrome (14-18).
These charts are generally used in the clinical setting for moni-
toring the growth and development of patients with these syn-
dromes and allow the identification of those with severe growth
deficit who may need additional medications. To date, three
NS-specific growth curves have been established in Brazil,
North America, and Europe. Two of them were developed with
data mainly collected by pediatric geneticists (19,20), while the
other was constructed with data gathered by pediatric endo-
crinologists and cardiologists (21). Evidently, NS-specific
charts should be created with data collected by a multidisci-
plinary team of specialists who is involved in the follow-up of
NS patients. To that end, we conducted a nationwide survey
of pediatric geneticists, pediatric cardiologists, and pediatric
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endocrinologists who are responsible for Japanese NS patients
to establish growth standards for Japanese patients with NS.

RESULTS
Twenty of the 31 hospitals (64.5%) responded to our question-
naire, and the data of 356 subjects clinically diagnosed with
NS were obtained. From these data, a total of 48 subjects were
excluded because of missing auxological data (26 subjects),
presence of complications that affected growth (5 subjects),
and extreme longitudinal growth aberrations which lay more
than three standard deviation scores (SDS) from the mean
in this population (17 subjects). The remaining 308 subjects
(159 males and 149 females) were analyzed. Their birth years
ranged from 1970 to 2012 (median: 1998). Gestational age was
38.4+2.4wk (n=247), birth length 48.2+ 3.0 cm (male, n = 94)
and 47.8 +3.4cm (female, n = 104), birth weight 3.04 +0.55kg
(male, n = 137) and 3.03+£0.57kg (female, n = 141), tar-
get height 170.9+53cm (male, n = 58) and 157.5+4.8cm
(female, n = 66). Target height was calculated by the formula
adjusted for Japanese before the secular trend reached a pla-
teau (22). Table 1 shows the cumulative cardiac findings of the
308 patients. Cardiovascular disease was seen in 256 patients
(83.1%). Genetic analyses were performed in 150 patients
(48.7%), among them 103 individuals (68.7%) were found to
have abnormalities in the causative genes (i.e., PTPNI1I: 67,
KRAS: 3,SOS1: 7, RAFI: 14, BRAF: 7, SHOC2: 3, and RIT1I: 2).
To establish the growth standards, 3,249 height measure-
ments (males: 1,674 and females: 1,575) and 3,111 weight mea-
surements (males: 1,564 and females: 1,547) were eventually
included after the exclusion of 23 height measurements and 19
weight measurements derived from three outliers. Scatter plots

Table 1. Cardiac findings in our series of 308 patients with NS

Cardiac defect Number? Rate (%)
Pulmonary stenosis 162 52.6
Hypertrophic cardiomyopathy 84 27.3
Atrial septal defect (ostium secundum type) 66 214
Ventricular septal defect 35 11.4
Mitral valve anomalies 19 6.2
Patent ductus arteriosus 10 3.2
Aortic valve stenosis 9 29
Atrioventricular septal defect 3 0.97
Aortic coarctation 2 0.65
Pulmonary arterial hypertension 2 0.65
Tetralogy of Fallot 2 0.65
Bicupsid aortic valve 1 0.32
Coronary artery abnormality 1 0.32
Double outlet right ventricle 1 0.32
Aortic valve regurgitation 1 0.32
Truncus arteriosus communis 1 0.32
No finding 52 16.9

NS, Noonan syndrome.
*Number indicates the cumulative total number of patients.
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of height and weight measurements were plotted on growth
charts for normal population in Supplementary Figures S1
and S2 online, respectively. The majority of subjects (males:
n =126 (79.2%) and females: n = 127 (85.2%)) had repeated
measurements (male: median 10, range 2-63; female: median
11, range 2-46). Table 2 lists the number of measurements by
sex and age. There was no statistically significant difference in
height SDS between those with and without genetic analysis
(difference: 0.076, 95% confidence interval (CI): —0.020 to
0.17, P=0.12). In contrast, height SDS in patients with PTPN11
mutation was significantly smaller than that with other gene
mutation (difference: 0.39, 95% CI: 0.26-0.53, P < 0.0001).
Centile curves were fitted to the data using the Lambda-
Mu-Sigma (LMS) method. For height, the distribution was
generally assumed normal, while for weight and BMI, there
was appreciable skewness, and the age-varying power trans-
formations were adjusted. Equivalent degrees of freedom
for (L, M, S) of height, weight, and BMI for males are (0,
12, 10) with age rescaled, (4, 9, 5) with age rescaled, and
(3, 7, 4) with age transformed, respectively. Equivalent
degrees of freedom for (L, M, S) of height, weight, and BMI
for females are (0, 10, 7) with age rescaled, (4, 11, 5) with
age rescaled, and (3, 6, 4) with age transformed, respec-
tively. Supplementary Tables S1-S3 online provide values
for L, M, and S of height, weight, and BMI by sex and age,

Table 2. Age distribution of numbers of measurements used for
analysis

Age Height Weight Body mass index
(years) Boy Girl Boy Girl Boy Girl
0 300 279 322 311 300 279
1 175 174 164 177 164 174
2 128 121 125 121 125 121
3 155 125 144 127 144 125
4 132 94 126 91 126 91
5 128 75 121 77 121 75
6 105 920 929 86 99 86
7 79 78 72 78 72 78
8 70 87 69 87 69 87
9 52 63 51 61 51 61
10 46 60 46 57 46 57
11 58 48 51 44 51 44
12 47 47 41 45 41 45
13 43 47 33 45 33 45
14 43 44 33 42 33 42
15 35 30 25 27 25 27
16 21 30 14 27 14 27
17 16 24 10 22 10 22
18 9 13 4 9 4 9
19 10 13 5 5 5 5
20+ 22 33 9 8 9 8
Total 1,674 1,575 1,564 1,547 1,542 1,508
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Figure 1. Scatter plots and smoothing curves of +2 SD, +1 SD, median,
—1SD, and -2 SD of height in Japanese (a) male and (b) female subjects
with NS.

respectively. Clinical growth charts with scatter plots of sub-
jects for height, weight, and BMI are shown in Figures 1-3,
respectively. A comparison with previously published mean
height data for NS (19-21) was given in Figure 4. Growth
curves for height, weight, and BMI are superimposed on
those of normal population as shown in Supplementary
Figures S3-S5 online, respectively. Male weight and BMI
charts are superimposed on those of female as shown in
Supplementary Figure S6 online.

DISCUSSION

From the nationwide survey data of NS patients followed up
by specialists from different fields, we have established growth
references for Japanese NS patients. To our knowledge, these
are the first NS-specific growth references in an Asian popu-
lation. They were constructed by the LMS method, which we
believe to be one of the most widely applied approaches (23).
The LMS method is applicable to not only cross-sectional
data but also longitudinal data, if all subjects were measured
broadly and the number of measurements per individual did
not reflect the growth charts (24). In this study, we collected
the data in the following way so that certain individuals would
not have much influence on the established charts. Our ques-
tionnaire required the minimal interval between two anthro-
pometric values to be 1 mo when the subjects were measured
before 1 y of age or 3 mo after 1 y of age. In fact, after 10 y

Copyright © 2016 International Pediatric Research Foundation, Inc. corrected publication 2022
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Figure 2. Scatter plots and smoothing curves of +2 SD, +1 SD, median, —1
SD, and -2 SD of weight in Japanese (a) male and (b) female subjects with
NS. NS, Noonan syndrome.

of age, the intervals between two anthropometric values were
more than half a year.

The number of subjects analyzed in this study (n = 308)
was sufficient compared with the numbers analyzed in the
construction of the other three existing NS-specific charts
(n = 112, 137, and 144, respectively) (19-21). The diagnosis
of NS in the subjects in this study was very reliable because it
was performed by specialists certified for NS care in Japan by
one of the three collaborating societies. The diagnosis was fur-
ther validated using the scoring system developed by van der
Burgt et al. (13). All auxological data were properly selected
by excluding data with previous growth-promoting treatment,
reported complications that may affect growth, and extreme
longitudinal growth aberration. In addition, the percentage of
detected abnormalities in the causative genes (68.7%) was rea-
sonable compared to the reported ratios (10,11). Notably, the
frequency of cardiovascular disease in this cohort (83.1%) is
very similar to that of a recent report of 293 NS patients (81%)
(25). Taken together, the newly established charts can be con-
sidered as representative of the growth in individuals with NS
who are ordinarily seen in clinical practice.

The growth pattern of height was in line with previous reports
(19-21,26). The average birth length is slightly shorter but
within normal limit; however, there is a rapid decline in length/
height SDS for normal population during the first year of life.
Thereafter, mean height lies below the —2 SDS line for normal
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Figure 3. Scatter plots and smoothing curves of +2 SD, +1 SD, median,
—1SD, and -2 SD of body mass index in Japanese (a) male and (b) female
subjects with NS. NS, Noonan syndrome.

population until 12 y in boys and 10 y in girls. Afterwards,
there is a further decline due to delayed pubertal spurt, and
then, the height SDS for normal population tends to recover.
The adult height from the newly established growth charts
is 157.3+7.4cm for boys (-2.3+1.3 SDS) and 146.8+6.9cm
for girls (-2.1+1.3 SDS), respectively, when it is defined as
the mean height at the age of 20 y. These adult height SDS for
normal population are considered to be valid when compared
to adult height SDS reported in other countries (male: —2.5 to
—1.4, female: —2.2 to —1.8) (19-21,26,27), although small dif-
ferences likely due to the different definitions of adult height
were noted. In view of these, our NS-specific growth standards
give adequate information about the natural growth of NS and
are expected to be useful for evaluating height in various clini-
cal settings such as potential growth-promoting treatments in
NS.

With regard to the growth pattern of weight, birth weight
is within normal limit; however, there is also a rapid decline
in weight SDS to approximately —2 SDS for normal popula-
tion during the first year of life, which may reflect the feed-
ing problem in NS. Thereafter, growth retardation of weight is
not apparently progressive. There seems to be a sexual differ-
ence of growth pattern of weight in older ages. Distributions of
weight in male NS individuals are wider than those in female
NS individuals, although it is difficult to interpret the impli-
cation with only auxological measurements in this study. On
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the other hand, BMI is similar to that of normal populations
until ~5 y of age, but gradual increase after BMI rebound age
is milder than that of normal population. These results are in
line with the Brazilian BMI charts (20) and the reportedly low
prevalence of overweight in adult NS patients (28). In addi-
tion, it is noteworthy that there is also a sexual difference in the
growth pattern of BMI; gradual increase after BMI rebound
age in male is milder than that in female. The interpretation of
this difference remains unclear in the present study.

A difference in height SDS was detected throughout the
whole period between those with PTPN11 mutation and with
other gene mutation (difference: 0.39, 95% CI: 0.26-0.53,
P < 0.0001). Although it may be due to the fact that patients
with PTPN11 mutation often have low concentrations of insu-
lin-like growth factor 1 (7), there are conflicting data on the
severity of short stature between PTPNI1I mutation-positive
and mutation-negative groups. In some studies, there were
no differences in growth parameters between 51 PTPNII
mutation-positive and 64 mutation-negative subjects (29),
as was the case in an analysis of adult height in 56 patients
(30). In another study, 82% of 34 PTPN1I mutation-positive
cases and 57% of the 23 PTPNI11 mutation-negative subjects
had a height of less than —2 SDS (mean —3.1 SDS and -2.4
SDS, respectively) (31). There are similar reports that PTPN11
mutation-positive subjects are shorter than PTPNI1I muta-
tion-negative subjects (32,33). Although further investigation
is needed, our study provides additional clinical data that NS
individuals with PTPN11 mutation might be 0.39 SDS shorter
than those with other gene mutations.

There are several limitations in this study. First, the number
of measurements of near-adult ages, especially in weight and
BMI (Table 2), is low. Therefore, our charts may not be suf-
ficiently reliable at these ages. Notably, this limitation is shared
by all the other NS-specific charts (19-21). Nonetheless, growth
patterns shown by our charts are in line with other studies of
longitudinal natural history of NS (27,30). The adult heights
from our charts were also valid when compared to other reports
discussed above. The second limitation is a selection bias. For
establishing disease-specific charts, recruiting unbiased subjects
is challenging but nevertheless crucial. As NS is a clinically and
genetically heterogeneous syndrome, it is critical to determine
which subjects should be analyzed. For example, if we collected
only the data of NS patients being confirmed genetically, there
would have been an inherent selection bias because individu-
als with clinically confirmed NS may not necessarily undergo
genetic analyses nor receive genetically confirmed diagnosis.
However, the difference in height SDS between those with and
without genetic analyses was not statistically significant, which
suggested that these two groups had similar characteristics
in height. Another type of selection bias regarding unreliable
clinical diagnosis may derive from clinicians’ limited specialty.
However, this was largely overcome because this study was a
nationwide survey of clinically diagnosed NS patients cared for
by specialists for NS care.

In conclusion, we constructed the growth standards for
Japanese individuals with NS using 3,249 measurements

Copyright © 2016 International Pediatric Research Foundation, Inc. corrected publication 2022
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from 308 NS patients nationwide. These are the first Asian
NS-specific growth charts and are expected to be widely used
in various clinical settings.

METHODS

Subjects

The nationwide survey of NS was conducted in collaboration with three
academic societies in Japan (i.e., The Japan Society of Pediatric Genetics;
The Japanese Society of Pediatric Cardiology and Cardiac Surgery; and
The Japanese Society for Pediatric Endocrinology). We collected the data
of patients in 31 hospitals nationwide who had been clinically diagnosed
with NS by specialists certified by one of the three societies, and whose
birth year was not earlier than 1970 considering the secular trend in
height in Japan (17). We sent a questionnaire that included auxological
measurements together with a minimal set of clinical and genetic data.
Data on height and weight were collected in a mixed longitudinal and
cross-sectional fashion, and the minimal interval between two anthro-
pometric values was 1 mo when the subjects were measured before 1 y
of age or 3 mo after 1 y of age. BMI was calculated as weight in kilo-
grams divided by the square of height in meters. Clinical and genetic data
included the following: clinical features according to the scoring system
developed by van der Burgt et al. (13), classification of congenital heart
disease, sex, birth year, birth weight, birth length, gestational periods,
complications, comorbidities such as growth hormone deficiency, age at
start of puberty, parents’ height, family history, initial clues to the diag-
nosis, results of genetic analysis if available, and identified mutation(s)
in the causative genes. We excluded subjects with missing description of
auxological data, reported complications that significantly affected their
growth, and extreme longitudinal growth aberrations which lay more
than three SDS from the mean in this population. Subjects with growth-
promoting treatment were included only if they had pretreatment
auxological data, but measurements after the commencement of the
growth-promoting therapy were excluded from our analysis. This study
was performed with approval from National Center for Child Health and
Development Ethics Committee and all the other Ethics Committees in
institutes which participated in this study. We did not collect any infor-
mation which may identify individuals, such as name and address, and
so did not obtain informed consent from participants. The Japanese
guidelines permit the use of data from epidemiological survey without
consent if the data are anonymous. The information on the present sur-
vey has been disclosed to the public on the website of National Center for
Child Health and Development Ethics Committee at http://www.ncchd.
go.jp/center/information/epidemiology/index.html.

Methods

Data cleaning was performed at several stages. Bivariate plots of
height and weight were used to identify gross disproportion. Data
points were scrutinized, going back to the source data if necessary,
and descriptive errors were corrected. If a value was deemed highly
unlikely (more than 3 SDS from the mean in the population), even
though there was no evidence of a descriptive error, such a point was
deleted.

To establish the growth charts, the LMS method (34) was used,
with the assumption that the data can be transformed to normality by
a suitable power transformation (L), and the distribution summarized
by the median (M) and coefficient of variation (S). Using penalized
likelihood, three curves (L, M, and S) can be fitted as cubic splines by
nonlinear regression, and the extent of smoothing was controlled by
equivalent degrees of freedom. The values of L, M, and S were con-
strained to change smoothly with age, and fitted values can be used
to construct any required centile curves. Fitting and smoothing were
done with ImsChartMaker Pro ver.2.3 (Medical Research Council,
London, UK). The SD score (Z-score) of each measurement (y value)
could be calculated from the L, M, and S curves, using values appro-
priate for the age and gender, by the following equation: Z = [(y/M)'-1]/
(LxS),andif L=0,Z =1n (y/M)/S.

Statistical Analysis
The results are expressed as the mean + SD or by frequency and
percentage. To investigate the height difference between those with

Copyright © 2016 International Pediatric Research Foundation, Inc. corrected publication 2022
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Figure 4. Comparison of Japanese NS mean height curves with previously
published foreign curves, (a) male and (b) female, respectively. Black, black
dotted, black dashed, and gray broken lines indicate Japanese, Brazilian,
European, and North American NS mean height curves, respectively. NS,
Noonan syndrome.

and without genetic analyses, height SDS, which were calculated by
Japanese standards for normal children by sex and age (35), were
compared with ANOVA considering the adjustment for the number
of measurements in each subjects. Similar analyses were performed
with other factors. These analyses were performed by JMP 8 (SAS
Institute, Cary, NC); P values <0.05 were considered statistically
significant.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper at
http://www.nature.com/pr
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