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WHO CHILD GROWTH STANDARDS

WHO child growth standards 

(0-60 months):

• Length/height-for-age 

• Weight-for-age 

• Weight-for-length/height 

• BMI-for-age 

• Head circumference-for-age 

• Arm circumference-for-age 

• Subscapular skinfold-for-age 

• Triceps skinfold-for-age 

• Motor development milestones 

No information on: 

• Growth during pregnancy 

• Size at birth by GA

• Postnatal growth of preterm 
infants

What is missing?



INTERNATIONAL FETAL AND NEWBORN 
GROWTH CONSORTIUM FOR THE 21ST

CENTURY  

1 year 2 years 3 years 4 years 5 years

THE INTERGROWTH-21st Project



SYSTEMATIC REVIEWS

Crown-rump length / gestational 
age estimation - Napolitano R, Dhami J, 
Ohuma EO et al (2014) BJOG

Fetal growth monitoring by 
ultrasound - Ioannou C, Talbot K, Ohuma 
E et al (2012) BJOG

Birthweight charts - Giuliani F, Ohuma 
E, Spada E et al (2015) Acta Paediatrica

Preterm postnatal growth charts -
Giuliani F, Cheikh Ismail L, Bertino E et al 
(2016) AJCN

Gestational weight gain charts -
Ohadike CO, Cheikh Ismail L, Ohuma EO et al 
(2016) Adv Nutr

Material available 
diverse and of 

variable quality



WHO CHILD GROWTH STANDARDS
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WHO RECOMMENDATION (1995)

Human growth worldwide should be 
evaluated using 

international standards describing 
how individuals should grow

Report of WHO Expert Committee 1995 
Physical Status: The Use and Interpretation of Anthropometry, 

Technical Report Series No. 854



REFERENCES VS. STANDARDS

Reference charts describe how fetuses and 
newborns have grown at a particular time and/or 
place

International standards describe how fetuses and 
newborns should grow when nutritional, 
environmental and health constraints on growth are 
minimal



REFERENCES VS. STANDARDS

Reference charts describe how fetuses and 
newborns have grown at a particular time and/or 
place

International standards describe how fetuses and 
newborns should grow when nutritional, 
environmental and health constraints on growth are 
minimal



WHAT IS INTERGROWTH-21ST?

 Extend the concepts promoted by WHO MGRS 
into fetal and neonatal life

 Offer a conceptual continuity between the 
development and implementation of prenatal and 
postnatal growth standards



AIMS OF INTERGROWTH-21ST

(1) Develop new ‘prescriptive’ standards 
describing normal fetal growth, preterm growth 

and newborn nutritional status

1 year 2 years 3 years 4 years 5 years



AIMS OF INTERGROWTH-21ST

(2) Look at post-natal growth of the preterm and 
term INTERGROWTH-21st infants up to 2 years

1 year 2 years 3 years 4 years 5 years

First 1,000 days



INTERGROWTH-21ST PROJECT

HOW?



CHALLENGES

Practical considerations:

Where?

Who?

Methodological considerations:

Multicentre study

Complement WHO charts

Pooling the results

 Site selection

 Population selection

 Same equipment, protocols, level 
of care and recommendations

 Same anthropometric equipment 
and protocol

 Ensuring good data quality 
throughout the study and across 
sites



SITE SELECTION

“Healthy” environment criteria for FGLS site 
selection:

• Low-birthweight rate <10%

• Mean birth weight >3100g

• Perinatal mortality <20 per 1000 live births

• >75% mothers have attained an educational level/SES 
indicator greater than the locally defined cut-off points

• Lack of known, major, non-microbial environmental 
contaminants

• Altitude <1600m



Seattle, USA

Pelotas, Brazil

Oxford, UK

Turin, Italy

Beijing, China

Nairobi, Kenya

Muscat, Oman
Nagpur, India

 

INTERGROWTH-21ST SITES 



POPULATION SELECTION

All pregnancies in 8 sites

N = 60,268

Total

population

Low-risk study population
+

Healthy and well-nourished 



POPULATION SELECTION

All pregnancies in 8 sites

N = 60,268

Total

population

Low-risk 

pregnancies

Medium- & high-

risk pregnancies

Low-risk pregnancies

N = 20,486



a) aged ≥18 and ≤35 years; 

b) BMI ≥18.5 and <30 kg/m2; 

c) height  153 cm;

d) singleton pregnancy; 

e) a known LMP with regular cycles (defined as a 26-30 day cycle in the previous 3 months), without hormonal 

contraceptive use, pregnancy or breastfeeding in the 3 months before pregnancy; 

f) natural conception

g) no relevant past medical history (refer to screening form), with no need for long-term medication (including fertility 

treatment and over-the-counter medicines, but excluding routine iron, folate, calcium, iodine or multivitamin 

supplements);

h) no evidence of socio-economic constraints likely to impede fetal growth identified using local definitions of social risk;

i) no use of tobacco or recreational drugs such as cannabis in the 3 months before or after becoming pregnant; 

j) no heavy alcohol use (defined as > 4 units (40ml pure alcohol) per week) since becoming pregnant;

k) no more than one miscarriage in the 2 previous consecutive pregnancies; 

l) no previous baby delivered pre-term (<37 weeks) or with a birth weight <2500g or >4500g; 

m) no previous neonatal or fetal death, previous baby with any congenital malformations, and no evidence in present 

pregnancy of congenital disease or fetal anomaly; 

n) no previous pregnancy affected by pre-eclampsia/eclampsia, HELLP syndrome or a related pregnancy-associated 

condition; 

o) no clinically significant atypical red cell alloantibodies; 

p) negative urinalysis; 

q) systolic blood pressure <140 mmHg and diastolic blood pressure < 90 mmHg; 

r) haemoglobin ≥11 g/dl; 

s) negative syphilis test and no clinical evidence of any other sexually transmitted diseases, including clinical 

Trichomoniasis; 

t) not in an occupation with risk of exposure to chemicals or toxic substances, or very physically demanding activity to 

be evaluated by local standards. Also women should not be conducting vigorous or contact sports, as well as scuba 

diving or similar activities

Criteria defining a low-risk study population as healthy 
and well-nourished (both before and during pregnancy)  
to ensure that fetal growth is optimal

POPULATION SELECTION
LOW-RISK PREGNANCY CRITERIA



INTERGROWTH-21ST

THREE COMPLEMENTARY STUDIES

Newborn Cross-Sectional Study (NCSS) of all newborns in 
eight centres over 12 months

Fetal Growth Longitudinal Study (FGLS) from <14+0 weeks of 
gestation to birth, with follow-up to age 2

Preterm Postnatal Follow-up Study (PPFS) of all preterm 
infants in FGLS to age 2



INTERGROWTH-21ST

THREE COMPLEMENTARY STUDIES

Newborn Cross-Sectional Study (NCSS)
• Birth weight, length and head circumference for 

gestational age standards

• Epidemiological studies

Fetal Growth Longitudinal Study (FGLS)
• International fetal growth standards

Preterm Postnatal Follow-up Study (PPFS)
• Preterm postnatal growth standards



FGLS 
TO DEVELOP NEW FETAL GROWTH STANDARDS

FGLS

N = 4,607Medium- & high-

risk pregnancies

Low-risk pregnancies

N = 20,486

Low-risk 

pregnancies

International Fetal Growth Standards



FGLS 
TO DEVELOP NEW FETAL GROWTH STANDARDS

Screening Phase (<14 weeks’ gestation)

Follow-up Phase: visits every 5 (±1) 
weeks

If the woman is referred to another 
level of care at any stage during her 

pregnancy, complete a Maternal 
referral/admission form.

Upon delivery, collect delivery 
information and anthropometry



ULTRASOUND MEASUREMENTS

CRL



PEAPOD®
INFANT BODY COMPOSITION SYSTEM

• 7-minute test

• Estimates body 
composition by 
densitometry

• Calculates the amount 
of fat mass and the fat-
free mass

• UK only

Villar et al (2016) JAMA Pediatr (submitted)



PPFS
TO DEVELOP NEW GROWTH STANDARDS FOR 
PRETERM INFANTS

FGLS
N = 4,607

Medium- & high-

risk pregnancies

Low-risk pregnancies

N = 20,486

Low-risk 

pregnancies

PPFS:
N: 224

All pregnancies in 8 sites

N = 60,268

International Preterm Postnatal 
Growth Standards



PPFS
TO DEVELOP NEW GROWTH STANDARDS FOR 
PRETERM INFANTS

For all babies born to mothers in FGLS at ≥26+0 and <37+0 weeks of gestation
at birth:

Follow-up visits for 3, 4, 5, 6, 7, and 8 
months after birth. Collection of health 

and dietary information and 
anthropometry

Collect delivery information and 
anthropometry (within 12 hours if 

possible)

Follow-up visits for 2, 4, 6, and 8 weeks 
after birth. Collection of health and 

dietary information and anthropometry

At 48-72 hours after birth, collect health 
information and anthropometry



PIFS
TO STUDY POSTNATAL GROWTH AND 

DEVELOPMENT UP TO 2YEARS OF AGE

FGLS
N = 4,607

Medium- & high-

risk pregnancies

Low-risk pregnancies

N = 20,486

Low-risk 

pregnancies

PPFS:
N: 224

PIFS
N*: 3,143

All pregnancies in 8 sites

N = 60,268



PIFS
TO STUDY POSTNATAL GROWTH AND 

DEVELOPMENT UP TO 2 YEARS OF AGE

Follow-up visit at 2 year of age. Collect health 
and dietary information, anthropometry, motor 

development achievement and 
neurodevelopment assessment

Follow-up visit at 1 year of age. Collect health 
and dietary information, anthropometry and 

motor development achievement



DATA COLLECTED

• Retrospective severe and chronic 
morbidities, hospital admission and 
treatments

• Weight, length and head circumference

• 24h Infant Food Recall and
Food Frequency Questionnaire

• Milestones achievement

• + Neurodevelopment assessment

PIFS1 PIFS2



NEURODEVELOPMENTAL 

ASSESSMENT AT 2YEARS

1. Gross motor function

2. Cognition, language 
development, 
behaviour and fine 
motor skills

3. Vision 

4. Hearing 

5. Sleep 

Fernandes et al. (2014) PLoS ONE 9(11)



International Newborn Size 
for Gestational Age/Sex 
Standards (Birthweight, length 
and head circumference)

NCSS
TO PRODUCE SIZE AT BIRTH OR GESTATIONAL AGE 
STANDARDS AND EPIDEMIOLOGICAL STUDIES

Low-risk 

pregnancies

Medium-high 

risk pregnancies

Low-risk pregnancies

n = 20,486

All pregnancies in 8 sites

N = 60,268

Epidemiological studies*

* Barros (2015) JAMA Pediatr 169(3)
Victora et al. (2015) JAMA Pediatr 169(7)



NCSS
TO PRODUCE SIZE AT BIRTH OR GESTATIONAL AGE 
STANDARDS AND EPIDEMIOLOGICAL STUDIES

For every baby born in each hospital during the 12 month NCSS period the 
Pregnancy and Delivery form will be completed:

Anthropometric measurements (weight, length 
and head circumference) within 12 hours of birth 

(no later than 24 hours)

After delivery, collect delivery information

NO FURTHER follow-up of these babies required 
after hospital discharge



INTERGROWTH-21ST POPULATIONS

FGLS
N = 4,607

Medium- & high-

risk pregnancies

Low-risk pregnancies

N = 20,486

Low-risk 

pregnancies

PPFS:
N: 224

PIFS
N*: 3143

All pregnancies in 8 sites

N = 60,268



TIMELINE

Recruitment 
<14weeks

Birth 1 year 2 years

Anthropometry:
• Weight
• Length
• Head circumference Questionnaires:

• Health
• Food intake
• Motor development

Neurodevelopment 
assessment

FGLS PIFS

Questionnaires:
• Health
• Ultrasound

Pregnancy

PPFS

Body composition (UK only)



ULTRASOUND OPERATIONS 
MANUAL

Detailed instructions on:

• Measurement techniques

• Equipment

• Step-by-step guide

• Data management

• Local standardisation and 
training exercises



ANTHROPOMETRY HANDBOOK

Detailed instructions on:

• Measurement techniques

• Equipment

• Step-by-step guide

• Data management

• Local standardisation and 
training exercises



NEURODEVELOPMENT ASSESSMENT 
MANUAL OF OPERATIONS

Detailed instructions on:

• Measurement techniques

• Equipment

• Step-by-step guide

• Data management

• Local standardisation and 
training exercises



ANTHROPOMETRIC MEASUREMENTS 



QUALITY CONTROL PROCEDURES

For example, for anthropometry:

• Validations in database

• QC (5% or 10%)

• Anthropometry repetition rates

• Anthropometry rounding rates

• Measurement windows – check that visits are within 
pre-set ranges

• Anthropometric standardisation every 3 months



MedSciNet

DATA 
MANAGEMENT



The Methodology of the 

INTERGROWTH-21st Project

21 papers

• Concepts and rationale

• Study protocol

• Statistical issues

• Training methods

• Standardisation processes

• Quality control measures

• Country-specific papers

• Data management 

BJOG Vol.120 Suppl 2 

(16 Sept 2013)

Available freely online

www.bjog.org



Eskenazi (2013) BJOG 120 (Suppl 2): 129-38



Sarris (2013) BJOG 120 (Suppl 2): 33-7



Cheikh Ismail (2013) BJOG 120 (Suppl 2): 48-55



INTERGROWTH-21ST 

PRODUCTS



‘The new growth standards are 
referable to all children everywhere, 
clearly show that all children in the 
world can and should grow equally 
well, and also demonstrate that in 
today’s world adequate nutrition, 
environment, and health are 
stronger determinants of growth 
than are gender or ethnicity’.

20th April 2006

1 year 2 years 3 years 4 years 5 years

de Onis et al. (2006) Acta Paediatr 450:1-101

WHO CHILD GROWTH STANDARDS



DATA POOLING

Large differences exist 
in size at birth and in 
rates of impaired fetal 
growth worldwide. 

Could the 
INTERGROWTH-21ST

Project data be pooled 
together?



Fetal HC by gestational age 



Fetal HC by gestational age for 
UK, USA & Italy
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Fetal HC by gestational age for 
UK, USA, Italy, China, India & Kenya
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Sensitivity analysis for fetal HC measures:
All 8 sites, excluding UK, India, China & Kenya separately

5
0

1
0

0
1
5

0
2
0

0
2
5

0
3
0

0
3
5

0

H
C

 (
m

m
)

10 15 20 25 30 35 40
Gestational age (weeks)

3rd centile Median 97th centile (All sites)

3rd centile Median 97th centile (Excluding UK)

3rd centile Median 97th centile (Excluding India)

3rd centile Median 97th centile (Excluding Kenya)

3rd centile Median 97th centile (Excluding China)



Fetal growth is similar across diverse 
geographical settings when mothers’ 

nutritional and health needs are met, and 
environmental constraints on growth are low



WHAT ABOUT SIZE AT BIRTH?

?



Newborn length by gestational age for 
UK, USA and Italy



Newborn length by gestational age for 
UK, USA, Italy and China



Newborn length by gestational age for 
UK, USA, Italy, China and India



Newborn length by gestational age for 
UK, USA, Italy, China, India and Kenya



Newborn length by gestational age for 
UK, USA, Italy, China, India, Kenya and Oman



Newborn length by gestational age for 
UK, USA, Italy, China, India, Kenya, Oman & Brazil



Fetal growth and neonatal length are 
similar across diverse geographical settings 
when mothers’ nutritional and health needs 
are met, and environmental constraints on 

growth are low



Villar (2014) Lancet Diabetes Endocrinol 2(10):781-92



‘The new growth standards are 
referable to all children 
everywhere, clearly show that all 
children in the world can and 
should grow equally well, and 
also demonstrate that in today’s 
world adequate nutrition, 
environment, and health are 
stronger determinants of growth 
than are gender or ethnicity’.

de Onis et al. (2006) Acta Paediatr 450:1-101

‘Fetal skeletal growth and 
newborn linear size are strikingly 

similar among geographically 
diverse populations when mothers’ 

environmental, health, and 
nutritional conditions are met… 

[those differences] are more likely 
due to environmental and 

socioeconomic differences than 
genetic variation’.

Villar (2014) Lancet Diabetes Endocrinol 2(10):781-92



Healthy, well-nourished, educated 

women, living in environments 

without constraints on fetal growth, 

who are receiving adequate antenatal 

care, have babies of similar size, 

irrespective of ethnicity/race.



Birth 1 2



Birth 1 2Intrauterine life



Papageorghiou (2014) Lancet 384: 869-79





Villar (2014) Lancet 384: 857-68





Comparison between INTERGROWTH-21st data 

and WHO Child Growth Standards at birth in term 
babies

INTERGROWTH-21st WHO

Birth weight 3.3 (0.5) kg 3.3 (0.5) kg

Birth length 49.3 (1.8) cm 49.5 (1.9) cm
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Villar (2015) Am J Obstet Gynecol 213: 494-9



WHO CHARTS
FROM BIRTH UNTIL 5 YEARS OF AGE BUT NO DISTINCTION AT BIRTH 
BY GA



USING THE WHO’S CHARTS

Baby Melissa’s (X) birthweight: 2.82kg

Baby Sophie’s (   ) birthweight: 2.17kg

X

Baby Michelle (   )’s birthweight: 2.19kg

Gestational age: 36+5 weeks

Gestational age: 40+1 weeks

Gestational age: 37+1 weeks

97th

85th

50th

15th

3rd



Baby Melissa’s (X) birthweight: 2.82kg 
And GA: 36+5 weeks

Baby Sophie’s (   ) birthweight: 2.17kg 
and GA: 40+1 weeks

X

Baby Michelle’s (   ) birthweight: 2.19kg
And GA: 37+1 weeks











CONCLUSIONS

• Fetal, newborn and infant growth are similar across 
populations when constraints on growth are minimal, 
justifying the construction of International Growth 
Standards

• The INTERGROWTH-21st & WHO Child Growth Standards 
monitor growth up to 5 years of age using the same 
instruments 

• Growth monitoring promotes continuity of care from the 
womb to the classroom worldwide 



UK TEAM





FIELD WORK





PROJECT WEBSITES:
WWW.INTERGROWTH21.ORG.UK WWW.INTERBIO21.ORG.UK 



THE GLOBAL HEALTH NETWORK:

HTTPS://INTERGROWTH21.TGHN.ORG/









Similar tools for fetal growth and preterm postnatal growth are being developed



And like our babies, INTERGROWTH-21st keeps on growing…



IN 2016, WE STILL BELIEVE IN GLOBAL SOLUTIONS 
TO GLOBAL HEALTH PROBLEMS



“MEN’S NATURES ARE ALIKE, IT IS 
THEIR HABITS THAT CARRY THEM 
APART”

Confucius, 479 BC


