
 

 

Growth Chart Comparison 

  Fenton  Olsen  
WHO CDC Down 

Syndrome 
(Zemel) 

Turner 
Syndrome 

Prader Willi Wolf-
Hirschhorn 
Syndrome 

Noonan 
Syndrome 

Williams 
Syndrome 

Population Preterm Infants Preterm Infants 

Children 
worldwide 

U.S. Children U.S. Children 
diagnosed with 

Down Syndrome 

European / 
Japanese 

U.S. Children 
diagnosed with 

Prader Willi 

North America & 
European 

Children with 
WHS 

NS with major or 
minor criterion 

Separate charts 
for U.S., 

Germany, and 
Great Britain 

(including 
Scotland, 

England, Whales) 

Age 

22 weeks 
gestational 

age-50 weeks 
post-term 

23-41 weeks 
gestational age 

0-2 years 2-20 years 0-3 years 
2-20 years 

0-2 years 
(Rongen-W. et 

al) 
2-20 years 

(Isojima et al) 
 

0-36 months 
GH treated: 0-

18 years 
Non-GH 

treated: 0-18 
years 

0-4 years 0-3 years 
2-20 years 

*Plot 3x/year 
until age 3, then 

annual 

0-24 years 

Gender Male and 
Female 

Male and 
Female 

Male and 
Female 

Male and 
Female 

Male and Female Female Male and 
Female 

Male and 
Female 

Male and Female Male and Female 

Validated in 
Pediatric CKD? 

Unable to 
determine 

Unable to 
determine 

No No Unable to 
determine 

Yes Unable to 
determine 

Yes Yes No 

What to Use 
after Chart 
Ends? 

WHO WHO 

CDC Adult 
parameters 

Adult methods 
(body fat%, DXA, 
4C & skinfolds) 

Adult 
parameters 

Adult 
parameters 

CDC 
(>4-year charts 
in construction) 

Adult parameters Adult parameters 

Use alone OR in 
conjunction with 
another chart? 

Alone Alone 

Alone Alone Alone In conjunction 
with other 

Turner charts 

Alone Alone Alone Alone 

Sample Size 
 
 
 
 
 
 
 
 
 

Six large population-
based surveys of size 

at preterm birth 
representing 

3,986,456 births 
(34,639 births < 30 

weeks) from 
Germany, United 

States, Italy, 
Australia, Scotland, 

and Canada 

Final sample included 
257,855 singleton 

infants (57.2% male) 
who survived to 

discharge. Gender-
specific weight-, 

length-, and head 
circumference-for-

age curves were 
created (n = 130,111) 

and successfully 
validated (n = 

127,744) 

8,440 
Based on children 

living in environments 
believed to 

support optimal 
growth. Based on 

children in 6 countries, 
including the U.S. 

Updated 2000 chart 
reflects patterns of 

children 
predominantly 
breastfed for 

at least 4 months and 
still 

Difficult to find 
accurate number 

since it was based on 
Multiple surveys.  

Identifies how typical 
children in the U.S. 

grew during a 
specific time period. 

May not be ideal 
growth patterns. 

Based on a series of 
national health 

examination surveys 
(NHES and NHANES) 

from 1963-1994. 

637 individuals with 
Down syndrome 

recruited from medical 
and community 

locations, mostly from 
the Philadelphia area. 
These children might 

not be representative of 
all children with Down 

syndrome in the United 
States.  

 

Sample size total = 
6,273, aged 0 to 

24 y, born between 
1950 and 2006 from 

15 studies. The 
studies used 

longitudinal and 
cross-sectional 

samples analyzing 
data collected from 
1960 to 2008. The 

number of 
anthropometric 
measurements 

ranged between 580 

2015: 120 non–
growth hormone–

treated white 
subjects (63 males 

and 57 females) with 
PWS between 3 and 

18 years of age.  
2016: 171 subjects 

with PWS who were 
treated with growth 
hormone for at least 
40% of their lifespan 

The study is based on 
data from 1,057 

examinations of 101 
children with WHS, 35 
males and 66 females, 

born between 1975 
and 2002. Data from 

32 children were 
collected from records 

of individuals with 
WHS in the 

Netherlands. Another 
set of data was 

obtained from 69 
children with WHS 

Analysis of retrospective 
growth data on 112 

patients with Noonan 
syndrome has permitted 

the establishment of 
preliminary reference 
growth standards for 
height for males and 

females. 

US Charts: 61 females, 
47 males (Children 

attending clinic in Salt 
Lake City, Utah or a 
Williams Syndrome 

National Association 
meeting in 1986. 

Britain: 169 
children/adults 

Germany: 165 children  
 

Both US and German 
charts were published 

before the gene 
deletion was identified. 



 

 
 
 
 
Sample Size 
Cont. 

breastfeeding at 12 
months. 

Prior chart based on 
primarily formula fed 

infants from white 
middle class in 

southwest Ohio. 
Considered a growth 

standard chart; 
identifies how children 

should grow when 
provided optimal 

conditions. 

and 9,011 (total = 
28,915). 

from Great Britain, 
North America, 

Germany and Australia 
who were contacted 

through WHS support 
groups. There were no 

exclusion criteria 
except growth 

hormone treatment. 

The revised German 
chart only had 44% of 

patients whose 
diagnosis was 

genetically confirmed. 
The British data utilized 
children in which 100% 

were genetically 
diagnosed. 

 

Data Collected 

Weight, length, 
head 

circumference 
(HC) 

Weight, length, 
HC 

Weight, length, 
weight-for-
length, HC 

Weight, 
Length, BMI 

0-3: Weight, 
length, HC & 
weight-for-

length 
2-20: Weight, 

height, HC & BMI 

0-2: Weight, 
height, BMI, 

height velocity 
(Rongen-W.) 
2-20: Weight, 
height, BMI, 

growth 
velocity 
(Isojima) 

No GH, 3-18: 
Weight, height, 

HC & BMI 
With GH, 0-18: 
Weight, height, 
HC, weight-for-

length, BMI 

Weight, Height, 
HC 

0-36 months: 
Weight, Length, 

Weight-for-
length 

2-20: Height, 
Growth velocity 

 

0-24 months: 
Length 

0-36 months: HC 
0-20 yrs: wt 

 
Britain: Includes 

BMI 

Year 
Published/Revised 

2013 2010 
2000 2000 2015 2014 2015 / 2016 2008 2011 US: 1988 

Germany: 1992/1999 
Britain: 1984/2007 

Source 
https://pubmed.ncbi.
nlm.nih.gov/2360119

0/ 

https://pubmed.ncbi.
nlm.nih.gov/2010076

0/ 

https://www.who.int/t
ools/child-growth-

standards/who-
multicentre-growth-

reference-study  

Growth Charts - 
Clinical Growth 
Charts (cdc.gov) 

https://www.ncbi.nlm.n
ih.gov/pmc/articles/PM
C5451269/pdf/nihms85
9760.pdf  

https://www.ncbi.nl
m.nih.gov/pmc/articl
es/PMC4052048/pdf

/BMRI2014-
687978.pdf  

https://www.ncbi.nlm
.nih.gov/pmc/articles/
PMC4279067/pdf/ped

s.2014-1711.pdf  
https://www.ncbi.nlm
.nih.gov/pmc/articles/
PMC5922433/pdf/nih

ms961191.pdf  

https://www.ncbi.nlm.
nih.gov/pmc/articles/P
MC2413080/pdf/431_2

007_Article_595.pdf  

https://pubmed.ncbi.nl
m.nih.gov/3780030/  

Training Module for CDC 
Growth Charts for Children with 

Special Health Care Needs 
(2).pdf 

 
Frequently Used Guidelines - 

Assuring Pediatric Nutrition in 
the Community 

(washington.edu) 
 

Health Care Supervision for 
Children With Williams 

Syndrome | Williams Syndrome 
Association (williams-

syndrome.org) 
 

New height, weight and head 
circumference charts for British 

children with Williams 
syndrome - PMC (nih.gov) 

Link to Charts 
https://peditools.org

/fenton2013/  
https://peditools.org

/olsen2010/  

Growth Charts - WHO 
Child Growth 

Standards (cdc.gov) 

https://www.cdc.gov
/growthcharts/clinica

l_charts.htm  

https://www.cdc.gov/nc
bddd/birthdefects/dow

nsyndrome/growth-
charts.html  

https://doi.org/10.1
111/j.1651-

2227.1997.tb15174.x   
https://www.ncbi.nl
m.nih.gov/pmc/articl
es/PMC3687623/pdf

/cpe-19-069.pdf  

https://ipwso.org/info
rmation-for-medical-
professionals/commo

n-medical-
issues/growth-

hormone-therapy/  

https://www.ncbi.nlm.
nih.gov/pmc/articles/P
MC2413080/pdf/431_2

007_Article_595.pdf   

https://rasopathiesnet.o
rg/wp-

content/uploads/2014/0
1/265_Noonan_Guidelin

es.pdf  

Growth Charts - Male | 
Williams Syndrome Association 

(williams-syndrome.org) 

 
Longitudinal evaluation of 
growth, puberty, and bone 
maturation in children with 

Williams syndrome - 
ScienceDirect 

New height, weight and head 
circumference charts for British 

children with Williams 
syndrome - PMC (nih.gov) 

 
Statural growth in Williams-

Beuren syndrome | 
SpringerLink 

  

https://pubmed.ncbi.nlm.nih.gov/23601190/
https://pubmed.ncbi.nlm.nih.gov/23601190/
https://pubmed.ncbi.nlm.nih.gov/23601190/
https://pubmed.ncbi.nlm.nih.gov/20100760/
https://pubmed.ncbi.nlm.nih.gov/20100760/
https://pubmed.ncbi.nlm.nih.gov/20100760/
https://www.who.int/tools/child-growth-standards/who-multicentre-growth-reference-study
https://www.who.int/tools/child-growth-standards/who-multicentre-growth-reference-study
https://www.who.int/tools/child-growth-standards/who-multicentre-growth-reference-study
https://www.who.int/tools/child-growth-standards/who-multicentre-growth-reference-study
https://www.who.int/tools/child-growth-standards/who-multicentre-growth-reference-study
https://www.cdc.gov/growthcharts/clinical_charts.htm#:~:text=All%20individual%202000%20CDC%20growth,available%20on%20October%2016%2C%202000.
https://www.cdc.gov/growthcharts/clinical_charts.htm#:~:text=All%20individual%202000%20CDC%20growth,available%20on%20October%2016%2C%202000.
https://www.cdc.gov/growthcharts/clinical_charts.htm#:~:text=All%20individual%202000%20CDC%20growth,available%20on%20October%2016%2C%202000.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5451269/pdf/nihms859760.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5451269/pdf/nihms859760.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5451269/pdf/nihms859760.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5451269/pdf/nihms859760.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4052048/pdf/BMRI2014-687978.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4052048/pdf/BMRI2014-687978.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4052048/pdf/BMRI2014-687978.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4052048/pdf/BMRI2014-687978.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4052048/pdf/BMRI2014-687978.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4279067/pdf/peds.2014-1711.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4279067/pdf/peds.2014-1711.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4279067/pdf/peds.2014-1711.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4279067/pdf/peds.2014-1711.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5922433/pdf/nihms961191.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5922433/pdf/nihms961191.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5922433/pdf/nihms961191.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5922433/pdf/nihms961191.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2413080/pdf/431_2007_Article_595.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2413080/pdf/431_2007_Article_595.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2413080/pdf/431_2007_Article_595.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2413080/pdf/431_2007_Article_595.pdf
https://pubmed.ncbi.nlm.nih.gov/3780030/
https://pubmed.ncbi.nlm.nih.gov/3780030/
http://depts.washington.edu/nutrpeds/fug/growth/specialty.htm
http://depts.washington.edu/nutrpeds/fug/growth/specialty.htm
http://depts.washington.edu/nutrpeds/fug/growth/specialty.htm
http://depts.washington.edu/nutrpeds/fug/growth/specialty.htm
https://williams-syndrome.org/resources/medical-journal-article/health-care-supervision-for-children-with-williams-syndrome
https://williams-syndrome.org/resources/medical-journal-article/health-care-supervision-for-children-with-williams-syndrome
https://williams-syndrome.org/resources/medical-journal-article/health-care-supervision-for-children-with-williams-syndrome
https://williams-syndrome.org/resources/medical-journal-article/health-care-supervision-for-children-with-williams-syndrome
https://williams-syndrome.org/resources/medical-journal-article/health-care-supervision-for-children-with-williams-syndrome
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2083767/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2083767/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2083767/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2083767/
https://peditools.org/fenton2013/
https://peditools.org/fenton2013/
https://peditools.org/olsen2010/
https://peditools.org/olsen2010/
https://www.cdc.gov/growthcharts/who_charts.htm
https://www.cdc.gov/growthcharts/who_charts.htm
https://www.cdc.gov/growthcharts/who_charts.htm
https://www.cdc.gov/growthcharts/clinical_charts.htm
https://www.cdc.gov/growthcharts/clinical_charts.htm
https://www.cdc.gov/growthcharts/clinical_charts.htm
https://www.cdc.gov/ncbddd/birthdefects/downsyndrome/growth-charts.html
https://www.cdc.gov/ncbddd/birthdefects/downsyndrome/growth-charts.html
https://www.cdc.gov/ncbddd/birthdefects/downsyndrome/growth-charts.html
https://www.cdc.gov/ncbddd/birthdefects/downsyndrome/growth-charts.html
https://doi.org/10.1111/j.1651-2227.1997.tb15174.x
https://doi.org/10.1111/j.1651-2227.1997.tb15174.x
https://doi.org/10.1111/j.1651-2227.1997.tb15174.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3687623/pdf/cpe-19-069.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3687623/pdf/cpe-19-069.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3687623/pdf/cpe-19-069.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3687623/pdf/cpe-19-069.pdf
https://ipwso.org/information-for-medical-professionals/common-medical-issues/growth-hormone-therapy/
https://ipwso.org/information-for-medical-professionals/common-medical-issues/growth-hormone-therapy/
https://ipwso.org/information-for-medical-professionals/common-medical-issues/growth-hormone-therapy/
https://ipwso.org/information-for-medical-professionals/common-medical-issues/growth-hormone-therapy/
https://ipwso.org/information-for-medical-professionals/common-medical-issues/growth-hormone-therapy/
https://ipwso.org/information-for-medical-professionals/common-medical-issues/growth-hormone-therapy/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2413080/pdf/431_2007_Article_595.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2413080/pdf/431_2007_Article_595.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2413080/pdf/431_2007_Article_595.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2413080/pdf/431_2007_Article_595.pdf
https://rasopathiesnet.org/wp-content/uploads/2014/01/265_Noonan_Guidelines.pdf
https://rasopathiesnet.org/wp-content/uploads/2014/01/265_Noonan_Guidelines.pdf
https://rasopathiesnet.org/wp-content/uploads/2014/01/265_Noonan_Guidelines.pdf
https://rasopathiesnet.org/wp-content/uploads/2014/01/265_Noonan_Guidelines.pdf
https://rasopathiesnet.org/wp-content/uploads/2014/01/265_Noonan_Guidelines.pdf
https://williams-syndrome.org/resource/growth-charts-male
https://williams-syndrome.org/resource/growth-charts-male
https://williams-syndrome.org/resource/growth-charts-male
https://www.sciencedirect.com/science/article/abs/pii/S0022347699703768?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0022347699703768?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0022347699703768?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0022347699703768?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0022347699703768?via%3Dihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2083767/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2083767/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2083767/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2083767/
https://link.springer.com/article/10.1007/BF01959084
https://link.springer.com/article/10.1007/BF01959084
https://link.springer.com/article/10.1007/BF01959084

