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Fetal growth monitoring by ultrasound
• 83 charts
• Only 12 used reliable dating 

Ioannou et al, 2012 BJOG

Birth weight charts
• 102 charts
• 8 low risk of bias

Giuliani et al, 2015 Acta Paediatr

How is size assessed currently?

Crown-rump length / gestational age estimation
• 29 charts
• 4 low risk of bias

Napolitano et al, 2014 BJOG



WHO Multicentre Growth Reference Study 
(MGRS)

De Onis et al, 2006 Acta Paediatr



Adoption of the WHO Child Growth Standards   
in 125 countries

De Onis et al, 2012 Public Health Nutr



INTERGROWTH-21st Project

Primary objective

To develop international “prescriptive” fetal growth, 
newborn size and preterm postnatal growth 
standards



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 to birth, with follow-up to age 2

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



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



“Healthy”environment criteria for selection 
of sites in Fetal Growth Longitudinal Study

• Low birth weight rate <10%
• Mean birth weight >3100g
• Perinatal mortality <20 per 1000 live births
• >75% mothers have attained an educational 

level/socio-economic status 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 



INTERGROWTH-21st populations 2009-13

All pregnancies in 8 sites
n = 59,137

Total
population



INTERGROWTH-21st populations

Low-risk 
pregnancies

Medium-high 
risk pregnancies

Low-risk pregnancies
n = 20,486



Low-risk pregnancy criteria

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



INTERGROWTH-21st populations

Low-risk 
pregnancies

Medium-high 
risk pregnancies

Fetal Growth Longitudinal Study
n = 4,607

Low-risk 
pregnancies

Medium-high 
risk pregnancies

Low-risk pregnancies
n = 20,486



INTERGROWTH-21st populations

Low-risk 
pregnancies

Medium-high 
risk pregnancies

Fetal Growth Longitudinal Study
n = 4,607

Low-risk 
pregnancies

Medium-high 
risk pregnancies

 International Fetal Growth Standards

Low-risk pregnancies
n = 20,486



Low-risk 
pregnancies

Medium-high 
risk pregnancies

Low-risk 
pregnancies

Medium-high 
risk pregnancies

Preterm births in Fetal Growth Longitudinal Study

Preterm Postnatal 
Follow-up Study (n = 193)

 International Preterm Postnatal Growth Standards

4.5%



Pregnancy Birth 1 year 2 years

Ultrasound measures: 
9-14 weeks

Then every 5 ± 1 weeks

Anthropometric measurements:
Length/height

Weight
Head circumference

Neurodevelopment 
assessment:

Psychometric tests
Wireless EEG

Actigraphy

Fetal Growth Longitudinal Study (FGLS) N = 4,607



Anthropometric measurements at birth 



Vision: Cardiff Acuity & Contrast Tests

Cognition, language development, 
behaviour and fine/gross motor skills: 
INTERGROWTH-21st Neurodevelopmental 
Assessment Tool

Attention: Child Behaviour Check List

Auditory processing: Evoked response 
potentials to an auditory paradigm (ERP)

Sleep: Brief Infant Sleep Questionnaire 
and actigraphy

Assessing neurodevelopmental outcomes at 2 years 
in FGLS cohort (Brazil, India, Italy, Kenya & UK)

Fernandes et al PLoS One 2014; 9(11): e113360

Presenter
Presentation Notes
Still waiting for ethical approval for this.



Information collected on all births



Low-risk 
pregnancies

Medium-high 
risk pregnancies

Low-risk 
pregnancies

Medium-high 
risk pregnancies

Potential populations available for future studies

4.5%

60 000 babies from 8 countries:
Well dated pregnancies 
Detailed newborn anthropometry
Maternal, pregnancy and newborn history

Longitudinal follow-up:
every 5 weeks during pregnancy
At birth
12 months and 2 years 
Anthropometry and neurodevelopment

FGLS

Preterm



Future work..



- INTERGROWTH-21st Research Unit
- INTERBIO-21st Research Unit
- Collaborating institution 

University of Washington, 
Seattle

Department of Public Health and 
Environment, WHO, Geneva

Universidade Federal
de Pelotas

University of Oxford,
John Radcliffe Hospital, Oxford 

(Coordinating Unit)

Ketkar Hospital, 
Nagpur

Ministry of Health, Muscat

Beijing Obstetrics and 
Gynaecology Hospital, Beijing

Harvard School of
Public Health, Boston

University of California,
Berkeley

Wright State University, Dayton

Neuroelectrics, 
Barcelona

Universita‘ di Torino,
Turin

AKU Hospital, Nairobi 

AKU Medical Centre,
Karachi

SMRU, Mae Sot

KEMRI/Wellcome Trust, Kilifi

Baragwanath Hospital, Soweto

Université Paris Descartes, Paris 

Swedish Medical 
Center, Seattle

Centro de Tecnologia e 
Innovación TELMEX, 
Mexico City

Bangladesh Institute of
Child Health, Dhaka 

The INTERGROWTH-21st Project Network

GAPPS,
Seattle

Providence Regional Medical 
Center Everett

Nutrition Section, Division of Human 
Health IAEA, Vienna

Boston Children’s 
Hospital, Boston



INTERBIO-21st ongoing data collection
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