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Article

Introduction

Prader-Willi syndrome (PWS) is a rare obesity-related 
genetic disorder that was first reported by Prader and 
others in 1956.1 PWS is characterized by infantile hypo-
tonia, a poor suck with feeding problems leading to fail-
ure to thrive, hypogenitalism/hypogonadism, and 
growth hormone deficiency with short stature and small 
hands and feet.2-4 Hyperphagia often develops in early 
childhood, which leads to obesity, if not controlled by 
diet intervention and planned exercise activities. 
Behavioral problems including compulsions, temper 
tantrums, and self-injury are common along with mental 
deficiency and a particular facial appearance.5 Although 
rare, PWS affects about 400 000 people worldwide or 
approximately 1 in 15 000 births.6 This disorder is con-
sidered the most common known syndromic cause of 
life-threatening obesity.5

The cause of this syndrome is due to a deletion of the 
chromosome 15q11-q13 region,7 which is de novo and 
paternal in origin.8 The deletion is seen in about 70% of 
cases.2,9 The pair of chromosome 15s when inherited 
from the mother leads to maternal disomy 1510 causing 

PWS in about 25% of cases.11 The remaining subjects 
have either imprinting defects (microdeletions or  
epimutations)12,13 or rearrangements involving chromo-
some 155,6,14 ultimately with the loss of genomically 
imprinted paternally expressed genes in the 15q11-q13 
region. More recent data may support a higher frequency 
of maternal disomy 15 in PWS possibly due to maternal 
age effect with mothers having children at older ages.15,16 
Most cases of PWS are sporadic with the chance for 
recurrence at less than 1%. However, in those PWS chil-
dren with a defect of the imprinting center on 
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chromosome 15 that controls the paternally expressed 
genes and due to a microdeletion then the recurrence 
risk is as high as 50%.2-5,12-14

The clinical course and natural history of PWS have 
changed over the years due to earlier diagnosis, better 
recognition of health-related problems, and treatment 
with growth hormone. Historically, 2 clinical stages 
have been recognized including failure to thrive with 
feeding difficulties during infancy and later food seek-
ing and hyperphagia leading to morbid obesity in early 
childhood, if not controlled. The clinical course is now 
divided into 7 nutritional phases and subphases17 with 
the first phase noted with or without failure to thrive 
and ranges from 0 to 15 months of age followed by 
weight gain in phase 2 with a median age of onset at 4.5 
years of age. Phase 3 occurs at a median age of 8 years 
and characterized by hyperphagia, food seeking, and 
lack of satiety then followed by phase 4 when a dimin-
ished insatiable appetite occurs in some adults with 
advancing age.17

Clinical differences have been reported in those with 
the typical 15q11-q13 deletion consisting of 2 subtypes, 
the longer type I and the shorter type II deletion, and 
maternal disomy 15. Those with typical deletions are 
more prone to cognitive dysfunction, particularly lower 
verbal IQ scores than seen in those with maternal 
disomy 1518 and have more behavioral problems such 
as self-injury, compulsions, and hypopigmentation.2-4,19 
Those with maternal disomy 15 are also more prone to 
experience autistic features and psychosis in young 
adulthood.2,20 Furthermore, those with the longer typi-
cal 15q11-q13 type I deletion may be more prone to the 
self-injury and obsessive compulsions seen in this syn-
drome and lower academic performance than those 
with the shorter type II deletion.21-23

The increased use of growth hormone in treating 
patients with PWS began in earnest in the year 2000 
when approved by the Food and Drug Administration for 
those with genetic confirmation and without documenta-
tion of growth hormone deficiency. Most children with 
PWS are born with a normal weight and length24 but fail-
ure to thrive and feeding problems in infancy alters 
growth rate.2 Later onset of hyperphagia and obesity 
occurs most notably in early childhood, if not controlled. 
Hence, fat increases more rapidly than muscle mass or 
stature without growth hormone treatment. The vast 
majority of infants and children with PWS are now 
treated with growth hormone, which not only normalizes 
stature but also alters body composition by increasing 
muscle mass and bone density and decreases fat leading 
to increased physical activity, energy level, and metabo-
lism. Changes in body composition, metabolism, and 
physical activity related to growth hormone treatment 

lower risk factors for diabetes and cardiopulmonary 
problems by improving lipid profiles and increasing 
alertness and self-esteem in older children leading to bet-
ter quality-of-life measures.2,25-34

Syndrome-specific standardized growth charts are 
important for monitoring growth and development dur-
ing health care surveillance of affected infants, and chil-
dren have been reported for weight, length, head 
circumference, weight/length, and body mass index 
(BMI) for non–growth hormone–treated PWS infants 
(0-3 years of age)35,36 and for PWS individuals from 3 to 
18 years of age.37 Standardized growth charts previously 
reported by Butler et  al35 in non–growth hormone–
treated infants with PWS in both males and females 
from the United States showed that the average weight 
fell below the normative 50th percentile from birth to 
about 25 months of age in PWS females and by 30 
months in PWS males, indicative of early failure to 
thrive, which is common in this syndrome. In non–
growth hormone–treated infants with PWS, the average 
length paralleled the normative 50th percentile until 2 
months of age in both PWS females and males but the 
normative 50th percentile paralleled the PWS 75th per-
centile in PWS females by 12 months of age until 36 
months. In PWS males, the normative 50th percentile 
paralleled the PWS 75th percentile beginning at 8 
months of age then the length gradually decreased 
whereby the normative 50th percentile was similar to 
the PWS 97th percentile by 30 months of age supporting 
growth failure and short stature seen in this syndrome 
due to growth hormone deficiency.

Later, Butler et al37 reported syndrome-specific stan-
dardized growth charts for PWS in individuals between 
3 and 18 years of age. The average weight in both PWS 
males and females in this study measured above the nor-
mative 50th percentile beginning before 4 years of age 
indicating increased weight gain in PWS. In PWS 
females, the PWS 75th percentile for weight was similar 
to the normative 97th percentile throughout most of this 
age interval until 18 years. In PWS males, the PWS 50th 
percentile for weight was similar to the normative 97th 
percentile from 3 to 18 years of age. These standardized 
syndrome-specific growth charts were developed from 
non–growth hormone–treated White males and females 
with PWS from the United States.

Methods

Subjects

Data on growth measures were obtained and utilized 
from 171 subjects (78 males, 93 females) with previous 
genetic confirmation of the diagnosis of PWS. Most of 
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the subjects were recruited and enrolled from 2003 to 
2013 as a component of a large multisite rare disease 
consortium on the investigation of PWS from 4 states 
(Kansas, Florida, Tennessee, and California). Each 
clinic site specializes in the care and treatment of PWS. 
All patients were cared for by clinicians, endocrinolo-
gists, geneticists, and dietitians with expertise in treating 
individuals with PWS. Calorie-restricted diets were fol-
lowed and exercise plans established (eg, 30 minutes of 
walking per day) for each patient depending on his or 
her age and weight.38 Criteria for inclusion in the current 
study not only required genetic confirmation of the diag-
nosis of PWS but also no history of scoliosis and an 
inclusion criteria selected for lifespan growth hormone 
treatment at 40% or greater with growth hormone com-
pliance determined by measuring plasma IGF-1 levels at 
regular intervals.39 For example, among the PWS 
patients at 5 years of age, growth hormone treatment 
would have been documented for at least 2 years before 
his or her growth data were included for development of 
the syndrome-specific standardized growth curves. 
Genetic testing for confirmation of the diagnosis con-
sisted of fluorescence in situ hybridization using chro-
mosome 15 probes, methylation-specific multiplex 
ligation probe amplification for copy number and meth-
ylation status, genotyping of chromosome 15 polymor-
phic DNA markers of proband and parental DNA, and/
or use of high resolution chromosomal microarrays.3 
The growth data were collected at each clinical site 
using an investigator-approved manual of operation fol-
lowing standard measurement protocols.

Among the total number of 171 subjects with PWS, 
57.3% (n = 98) had a 15q11-q13 deletion, 40.4% (n = 69) 
had maternal disomy 15, and 2.3% (n = 4) had an imprint-
ing defect. The majority of subjects (56.7%, n = 97) had 
repeated measurements for weight, height, and/or head 
circumference, 28.7% (n = 49) had 2 repeated measure-
ments, and 28.1% (n = 48) had 3 or more repeated mea-
surements, thereby producing a total of 332 data points 
utilized for development of the standardized growth 
curves. Approximately, 16.9% of the data were available 
from 0 to 3 years of age, 64.3% from 3 to 10 years, and 
18.6% from 10 to 18 years of age. About 49.1% of the 
data were available from males and 50.9% from females. 
The mean age of onset of growth hormone treatment was 
1.29 years (SD = 1.28 years), while the mean length of 
time for hormone treatment was 6.46 years (SD = 3.24 
years). The distributional properties of the anthropomet-
ric measures were not different among PWS male or 
female subjects with the 15q11-q13 deletion, maternal 
disomy 15 or an imprinting defect for any of the age 
ranges (ie, 0-3, 3-10, 10-18 years). Therefore, the growth 
data were combined regarding their genetic subtype 

status in the production of the individual growth charts 
for each gender. For the purpose of comparison with the 
PWS growth data, 3 “normative” (3rd, 50th, and 97th 
percentile) curves were added to each growth chart with 
shaded areas representing the normative data and percen-
tile ranges. The normative growth data were obtained 
from the Centers for Disease Control and Prevention 
(www.cdc.gov/growthcharts/percentile_data_files.htm) 
for height, weight, and BMI and from Nellhaus40 for 
head circumference.

Methods and Measures

Anthropometric measures including weight, height or 
length, and head circumference were obtained according 
to standard techniques and protocols established in the 
clinical setting. Height was measured in standing posi-
tion or length in supine position prior to standing age 
(eg, < 3 years of age in PWS) and to the nearest 0.1 cm 
with a sliding stadiometer. Head (occipital-frontal) cir-
cumference was measured to the nearest millimeter 
using a steel tape. Weight was recorded to the nearest 
0.01 kg with a calibrated balanced beam or electronic 
digital scale.

Standardized growth charts are widely used to 
observe or track an individual’s growth in reference to 
the population distributions and more useful for syn-
drome-specific disorders such as Down syndrome, 
Turner syndrome, and now PWS. The PWS growth 
charts for weight, height, head circumference, weight/
height, and BMI were developed for each gender by 
using the LMS method as described previously.35,37 The 
LMS method demonstrates the distribution of an anthro-
pometric measure Y with regard to Box-Cox power   λ 
(L), median µ (M), and coefficient of variation σ (S) at 
each value of an age range:

	 z
Y

=
( ) −µ

λσ

λ
1

	

Optimal values of Box-Cox power are derived via penal-
ized maximum likelihood estimation and summarized 
by L curve over the range of age. Similarly, the esti-
mated medians and coefficients of variation are summa-
rized by M and S curves, respectively. The degree of 
spline smoothing in the L, M, and S curves is indicated 
by equivalent degrees of freedom (edf ). The LMS 
Chartmaker 2.4 was utilized to create a set of growth 
curves (3rd, 10th, 25th, 50th, 75th, 90th, and 97th per-
centiles) and the deviance test performed to determine 
the best-fitting models.

www.cdc.gov/growthcharts/percentile_data_files.htm
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Results

Individuals with a genetically confirmed diagnosis of 
PWS were recruited and enrolled through a multisite 
consortium on the study of rare diseases, particularly 
PWS, and representing academic medical centers from 
the United States with expertise in the diagnosis, treat-
ment, and medical management of this rare genetic obe-
sity-related disorder. Syndrome-specific standardized 
growth charts were developed from White PWS partici-
pants from 0 to 18 years of age with growth hormone 
treatment during at least 40% of their lifespan and with-
out a history of scoliosis. Individuals from other racial 
or ethnic backgrounds were few in number and not 
included. Height (or length), weight and head circumfer-
ence measures were obtained for development of stan-
dardized growth curves for height, weight, head 
circumference, weight/height, and BMI using the LMS 
method as previously reported.35,37 Data for healthy con-
trol subjects were obtained from the literature40 or 
growth parameter databases from Centers for Disease 
Control and Prevention (www.cdc.gov/growthcharts/
percentile_data_files.htm).

For weight in PWS females between 0 and 36 months 
of age treated with growth hormone (edf = 1, 4, 1), the 
normative 50th percentile was similar to the PWS 50th 
percentile at birth but by 2 months of age the normative 
50th percentile was similar to the PWS 90th percentile. 
By 4 months of age, the normative 50th percentile plot-
ted above the PWS 97th percentile and remained until 
17 months of age then fell gradually to the PWS 50th 
percentile by 36 months of age. The PWS 3rd and 50th 
percentile ranges were similar to the normative 3rd and 
50th percentile ranges by 36 months of age while the 
PWS 97th percentile was more similar to the normative 
75th percentile by this age (see Figure 1).

For weight in PWS males between 0 to 36 months of 
age treated with growth hormone (edf = 1, 4, 1), the nor-
mative 50th percentile was similar to the PWS 50th per-
centile at birth but by 1 month of age the normative 50th 
percentile was more similar to the PWS 75th percentile 
and PWS 90th percentile by 2 months of age. By 4 
months of age, the normative 50th percentile plotted 
between the PWS 90th and PWS 97th percentile ranges. 
Gradual improvement of weight gain was noted in PWS 
with the normative 50th percentile being more similar to 
the PWS 90th percentile by 16 months of age. At 24 
months of age, the normative 50th percentile was similar 
to the PWS 75th percentile. By 36 months of age, the 
PWS 3rd and 90th percentile ranges were similar to the 
normative 3rd and 97th percentile ranges (see Figure 2).

For weight in PWS females between 3 and 18 years 
of age treated with growth hormone (edf = 2, 6, 3), the 
normative 97th percentile plotted higher than the PWS 

97th percentile at 3 years of age but decreased to the 
PWS 75th percentile by 6 years of age and similarly 
continued to 18 years of age. The normative 3rd percen-
tile and PWS 3rd percentile ranges were similar from 3 
to 18 years of age. The normative 50th percentile was 
similar to the PWS 50th percentile until about 4 years of 
age then the normative 50th percentile paralleled the 
PWS 25th percentile until about 14 years then fell to the 
PWS 10th percentile by 18 years (see Figure 3).

For weight in PWS males between 3 and 18 years of 
age treated with growth hormone (edf = 3, 6, 3), the nor-
mative 97th percentile was similar to the PWS 75th per-
centile beginning at 4 years of age, and by about 12 
years, the PWS 75th percentile was lower. The norma-
tive 97th percentile and the PWS 97th percentile ranges 
were more similar by 18 years of age. The normative 3rd 
percentile and PWS 3rd percentile ranges were similar 
from 3 to 14 years of age at which time the normative 
3rd percentile was more similar to the PWS 10th percen-
tile by 18 years of age (see Figure 4).

For height in PWS females between 3 and 18 years of 
age treated with growth hormone (edf = 1, 5, 1), the nor-
mative 97th percentile was similar to the PWS 97th per-
centile by 3 years of age but by 4 years, the normative 
97th percentile was more similar to the PWS 90th per-
centile. This pattern was present until 11 years of age, 
and by 12 years, the normative 97th percentile and PWS 
97th percentile ranges were similar. By 18 years of age, 
the normative 97th percentile plotted close to the PWS 
90th percentile. The normative 50th percentile was simi-
lar to the PWS 50th percentile from about 4 years of age 
until about 11 years of age at which time the anticipated 
growth spurt due to puberty was reflected in the norma-
tive data but not reflected in the graph generated for 
PWS subjects, which are known to lack the increased 
growth pattern seen in normal puberty. Yet the 50th per-
centile ranges for both PWS and normative data were 
similar by 18 years, which would be attributed to the 
growth hormone therapy in PWS (see Figure 3).

For height in PWS males between 3 and 18 years of 
age treated with growth hormone (edf = 1, 5, 1), the nor-
mative 97th percentile was similar to the PWS 90th per-
centile beginning at about 4 years of age and continued 
until about 12 years at which time the normative puber-
tal growth spurt occurred but not seen in PWS. By 18 
years of age, the percentile growth curves were similar 
between PWS and normative for the 3rd, 50th, and 97th 
percentile ranges reflecting the positive response of 
growth hormone treatment in PWS (see Figure 4).

For head circumference in PWS females between birth 
and 18 years of age treated with growth hormone (edf = 1, 
4, 1 for both 0-36 months and 3-18 years age groups), the 
percentile ranges were similar from birth to 36 months 

www.cdc.gov/growthcharts/percentile_data_files.htm
www.cdc.gov/growthcharts/percentile_data_files.htm
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Figure 1.  Standardized curves for height (upper) and weight (lower) from birth to 3 years of age for growth hormone–
treated females with Prader-Willi syndrome (solid lines) and normative percentile ranges (shaded area) with normative 97th to 
50th percentiles in dark shade and normative 50th to 3rd percentiles in light shade.
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Figure 2.  Standardized curves for height (upper) and weight (lower) from birth to 3 years of age for growth hormone–
treated males with Prader-Willi syndrome (solid lines) and normative percentile ranges (shaded area) with normative 97th to 
50th percentiles in dark shade and normative 50th to 3rd percentiles in light shade.
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Figure 3.  Standardized curves for height (upper) and weight (lower) from 3 to 18 years of age for growth hormone–treated 
females with Prader-Willi syndrome (solid lines) and normative percentile ranges (shaded area) with normative 97th to 50th 
percentiles in dark shade and normative 50th to 3rd percentiles in light shade.
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Figure 4.  Standardized curves for height (upper) and weight (lower) from 3 to 18 years of age for growth hormone–treated 
males with Prader-Willi syndrome (solid lines) and normative percentile ranges (shaded area) with normative 97th to 50th 
percentiles in dark shade and normative 50th to 3rd percentiles in light shade.
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with a tendency for a smaller head size in PWS female 
infants noted at about 4 months of age to 35 months with 
a wider variation in size at birth and early infancy. Later, 
wider percentile ranges were observed from 3 to 18 years 
of age with a tendency for a larger head size in both PWS 
females during childhood to 18 years of age. The norma-
tive 97th percentile was similar to the PWS 75th percen-
tile from about 9 to 18 years of age reflecting a wider 
range in head size or possibly an increased rate of head 
circumference growth in response to growth hormone 
treatment in PWS females (see Figure 5).

For head circumference in PWS males between birth 
and 18 years of age treated with growth hormone (edf = 
1, 5, 1 for 0-36 months; 1, 3, 1 for 3-18 years age groups), 
the head size in PWS male infants appeared smaller in 
relationship to the normative data with the normative 
3rd percentile being more similar to the PWS 25th per-
centile by 4 months of age and with the normative 50th 
percentile more similar to the PWS 75th percentile at 
this age. The normative 50th percentile was also more 
similar to the PWS 90th percentile by 13 months of age. 
At 36 months, the normative 97th and PWS 97th percen-
tile ranges were similar but the normative 3rd percentile 
was similar to the PWS 10th percentile with a wider 
range of measurements noted in PWS males. The nor-
mative 3rd percentile was equal to the PWS 3rd percen-
tile beginning at 10 years of age until 18 years while the 
normative 97th percentile was similar to the PWS 75th 
percentile beginning at about 15 years of age until 18 
years (see Figure 6).

For standardized weight/height curves for PWS 
female infants (edf = 1, 4, 1), the normative 50th percen-
tile was similar to the PWS 25th percentile at birth. The 
normative 3rd percentile was similar to the PWS 50th 
percentile by 4 months and the PWS 75th percentile by 
7 months to about 14 months of age at which time the 
normative 3rd percentile became more flattened in rela-
tionship to the PWS percentile ranges. By 36 months of 
age, the normative 3rd percentile was similar to the 
PWS 3rd percentile while the normative 97th percentile 
was similar to the PWS 97th percentile (see Figure 7).

For standardized weight/height curves for PWS male 
infants (edf = 1, 3, 1), the normative 50th was similar to 
the PWS 25th percentile at birth. The normative 3rd per-
centile was similar to the PWS 50th percentile at about 3 
months of age and then at the PWS 75th percentile by 6 
months to 14 months at which time the normative 3rd 
percentile became more flattened in relationship to the 
PWS percentile ranges. By 36 months of age, the nor-
mative 3rd percentile was similar to the PWS 3rd per-
centile while the normative 95th percentile was similar 
to the PWS 75th percentile. Hence, the normative and 

PWS percentile ranges were similar at the end of this 
age interval (0-36 months) for both PWS males and 
females (see Figure 8).

For BMI in PWS females between 3 and 18 years of 
age treated with growth hormone (edf = 2, 3, 3), the nor-
mative 97th percentile was similar to the PWS 75th per-
centile beginning at 5 years of age. The PWS 90th and 
97th percentile ranges were above the normative ranges 
throughout this age interval. All normative percentiles 
ranged between the PWS 75th and 3rd percentile ranges 
indicating an increased obesity status in females with 
PWS beginning at about 4 years of age (see Figure 9).

For BMI in PWS males between 3 and 18 years of 
age treated with growth hormone (edf = 1, 3, 3), the nor-
mative 50th percentile ranged between the PWS 10th 
and 25th percentile ranges from 4 to 14 years of age then 
ranged between the PWS 25th and 50th percentiles by 
18 years. The normative 3rd percentile generally ranged 
between the PWS 3rd and 10th percentile ranges from 3 
to 18 years of age. The normative 97th percentile ranged 
between the PWS 75th percentile at 3 years of age and 
the PWS 90th percentile by 18 years. The PWS 90th and 
97th percentile ranges were consistently above the nor-
mative 97th percentile from 3 to 18 years of age indicat-
ing the increased obesity status in males with PWS 
beginning at about 4 years of age (see Figure 10).

Discussion

Syndrome-specific growth standards are becoming 
more common and used routinely in most clinical 
genetics and endocrine clinics to monitor growth and 
development of affected individuals with certain syn-
dromes (eg, Down syndrome) and specifically in 
those syndromes with growth failure requiring growth 
hormone therapy such as Turner syndrome and now 
PWS. The treatment and medical management of 
individuals with PWS is complex and often requires 
multispecialty care to optimize treatment and monitor 
the abnormal growth patterns particularly height and 
weight before and during growth hormone therapy, 
which is most often prescribed during infancy. The 
use of standardized growth standards can help in 
identifying specific growth patterns and response to 
growth hormone treatment as well as in natural his-
tory studies.

The standardized growth charts for PWS were devel-
oped from cross-sectional data using 332 data points 
from 171 PWS participants from 0 to 18 years of age. 
Length in growth hormone–treated PWS subjects 
increased at a comparable rate to the normative stan-
dards beginning at about 4 months of age in both PWS 
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Figure 5.  Standardized curves for head circumference from birth to 18 years of age for growth hormone–treated females 
with Prader-Willi syndrome (solid lines) and normative percentile ranges (shaded area) with normative 97th to 50th 
percentiles in dark shade and normative 50th to 3rd percentiles in light shade.
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Figure 6.  Standardized curves for head circumference from birth to 18 years of age for growth hormone–treated males with 
Prader-Willi syndrome (solid lines) and normative percentile ranges (shaded area) with normative 97th to 50th percentiles in 
dark shade and normative 50th to 3rd percentiles in light shade.
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Figure 7.  Standardized curves for weight/height from birth to 3 years of age for growth hormone–treated females with 
Prader-Willi syndrome (solid lines) and normative percentile ranges (shaded area) with normative 97th to 50th percentiles in 
dark shade and normative 50th to 3rd percentiles in light shade.
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Figure 8.  Standardized curves for weight/height from birth to 3 years of age for growth hormone–treated males with Prader-
Willi syndrome (solid lines) and normative percentile ranges (shaded area) with normative 97th to 50th percentiles in dark 
shade and normative 50th to 3rd percentiles in light shade.
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Figure 9.  Standardized curves for body mass index from 3 to 18 years of age for growth hormone–treated females with 
Prader-Willi syndrome (solid lines) and normative percentile ranges (shaded area) with normative 97th to 50th percentiles in 
dark shade and normative 50th to 3rd percentiles in light shade.
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Figure 10.  Standardized curves for body mass index from 3 to 18 years of age for growth hormone–treated males with 
Prader-Willi syndrome (solid lines) and normative percentile ranges (shaded area) with normative 97th to 50th percentiles in 
dark shade and normative 50th to 3rd percentiles in light shade.
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male and female infants indicating the positive impact 
of growth hormone therapy on stature. At 3 years of age, 
the normative 50th and PWS 50th percentile ranges for 
height were equal (95.0 cm) in growth hormone–treated 
PWS males. These positive effects continued through-
out childhood to 18 years of age at which time the PWS 
50th percentile equaled the normative 50th percentile 
(175.0 cm). However, the PWS female height growth 
pattern remained below the normative range at 3 years 
of age, but the PWS 50th percentile equaled the norma-
tive 50th percentile (165.0 cm) at 18 years of age. The 
pubertal growth spurt seen in normal healthy individuals 
was absent in both PWS males and females, which may 
be best explained by hypogonadism, a common charac-
teristic in PWS.2 The normative 50th and PWS 50th per-
centile ranges were similar at 18 years of age indicating 
normalization of stature in PWS subjects by this time 
further supporting the role of growth hormone therapy 
in this obesity-related genetic disorder.

The impact of any intervention in PWS requires care-
ful consideration of collateral effects on weight, BMI, 
and head circumference status as these are critical fea-
tures of importance in clinical outcomes. For weight in 
PWS females treated with growth hormone, the norma-
tive 50th percentile plotted at or above the PWS 97th 
percentile beginning at 3 months of age to 16 months 
when weight increased in PWS females. The PWS 50th 
percentile was similar to the normative 50th percentile 
by 36 months of age. This pattern continued until about 
5 years of age when the normative 50th percentile was 
similar to the PWS 25th percentile by 14 to 18 years of 
age when the normative 50th percentile ranged between 
the PWS 25th and 10th percentiles. For weight in PWS 
males treated with growth hormone, the normative 50th 
percentile was similar to the PWS 25th percentile by 4 
years of age and the normative 50th percentile ranged 
between the PWS 25th and 10th percentiles by 14 years. 
The normative 50th percentile was similar to the PWS 
50th percentile at 18 years of age indicating nearly nor-
malization of weight in PWS males treated with growth 
hormone. Hence, growth hormone treatment had a sig-
nificant positive impact on both stature and weight in 
PWS males and females by adulthood. The standardized 
BMI curves (3-18 years) in growth hormone–treated 
PWS males and females by 18 years of age showed that 
the normative 50th percentile plotted between the PWS 
25th and 10th percentile ranges in PWS females and 
between the PWS 50th and 25th percentile ranges in 
PWS males. PWS males and females treated with growth 
hormone showed variability in growth data utilized for 
development of BMI curves, which showed that the 
upper percentile ranges when plotted were at a higher 
level than seen in the normative BMI curves plotted 
from non-PWS control subjects.

Growth hormone treatment did not result in complete 
normalization of growth patterns for weight or BMI sta-
tus in PWS males or females between 3 and 18 years of 
age in our study. However, when compared with previ-
ously published standards for non–growth hormone–
treated PWS subjects, a downward shift in weight profile 
is clearly evident.37 The PWS 50th and PWS 97th per-
centile ranges for weight in non–growth hormone–
treated PWS males at 18 years of age corresponded to 
210 lb (95.3 kg) and 380 lb (172.4 kg), respectively, 
when reported previously37 while the standardized PWS 
50th and PWS 97th percentile ranges among growth hor-
mone–treated PWS males in our study corresponded to 
150 lb (68.0 kg) and 220 lb (99.8 kg), respectively, which 
closely approximated the normative 50th percentile (150 
lb [68.0 kg]) and the normative 97th percentile (215 lb 
[97.5 kg]). A similar effect was apparent in PWS females 
but not to the same degree. The PWS 50th and PWS 97th 
percentile ranges for weight when previously reported37 
for non–growth hormone–treated PWS females at 18 
years of age corresponded to 190 lb (86.2 kg) and 325 lb 
(147.4 kg), respectively. The comparable PWS 50th and 
97th percentile ranges for weight with growth hormone 
treatment corresponded to 160 lb (72.6 kg) and 260 lb 
(117.9 kg), respectively, representing a major reduction 
and improvement in weight in PWS females. However, 
these values remain substantially higher than normative 
values of 125 lb (56.7 kg) at the normative 50th percen-
tile and 190 lb (86.2 kg) at the normative 97th percentile. 
Similar trends were observed for BMI, which was driven 
largely by weight as growth hormone treatment effec-
tively normalized height in both PWS males and females. 
The basis for the gender differences in responsivity of 
body mass to growth hormone therapy is unknown and 
will require further exploration.

Growth hormone treatment in PWS was also associ-
ated with an increased head size noted by 18 years of 
age, which reflected an increased rate of growth in head 
size beginning at 3 years of age. For example, the PWS 
97th percentile for PWS males was 61.5 cm versus the 
normative 97th percentile at 58.5 cm and the PWS 97th 
percentile for PWS females was 60.0 cm versus the nor-
mative 97th percentile at 58.0 cm. These changes in 
head circumference and rate of growth have been sug-
gested from observations of natural history studies in 
PWS at multiple sites (personal communications by Drs. 
M. Butler, V. Kimonis and D. Driscoll).

Our PWS participants ranged in age between 0 and 18 
years of age but few subjects were included before 3 
months of age reflecting our inclusion criteria of genetic 
confirmation and growth hormone treatment covering 40% 
of life span. The use of sex hormones and atypical antipsy-
chotics was infrequent (<10% of the cases) in our studied 
PWS cohort. Less than 20% of the PWS subjects had a 
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history of diabetes mellitus and fewer than 10% were being 
treated for hypothyroidism or adrenal gland problems,  
as similarly reported elsewhere in PWS subjects.2,41,42 
Furthermore, the use of standardized growth charts in treat-
ing individuals with syndromes and measuring clinical out-
comes can vary depending on medical care, morbidity and 
mortality, age at diagnosis as well as medical practice 
guidelines (eg, in PWS32,33,38,39) and resources available 
worldwide.2-4,43

Conclusions

The recognition and confirmed diagnosis of PWS in early 
infancy has led to the need to develop standardized growth 
charts to closely monitor growth before and during growth 
hormone therapy. The use of syndrome-specific growth 
charts is vital to optimize medical care and treatment not 
only during infancy but also later to improve quality of life 
and monitor clinical outcomes in PWS. Caloric intake and 
individualized exercise plans should be in place to maxi-
mize the impact of growth hormone therapy and assist the 
clinician and dietitian to avoid the onset of obesity and 
related medical comorbidities. Syndrome-specific stan-
dardized growth charts can be used to guide the care and 
treatment in regulating growth hormone dosages and 
growth response, monitor orthopedic problems such as 
scoliosis or other clinical features related to obesity to meet 
the growing need to improve care and outcomes in PWS.

The authors encourage the use of these syndrome-
specific standardized growth charts in those with PWS 
treated with growth hormone from infancy to 18 years 
of age in the evaluation, follow-up and medical manage-
ment of obesity and short stature, cardinal features seen 
in this rare obesity-related genetic disorder as well as for 
comparison of others similarly affected in relationship 
to normative data. In addition, previous standardized 
growth charts for non–growth hormone–treated PWS 
infants35 and those between 3 and 18 years of age have 
been reported37 and in use clinically for the medical care 
and treatment of individuals with PWS.
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