Growing up with GUSTO
Yap-Seng CHONG
Associate Professor, Dept of Obstetrics & Gynaecology, NUHS

Research

Executive Director, Singapore Institute for Clinical Sciences, A*STAR
24 February 2016

Clinical Care
Education

1 | 1.1 Topic goes here | Project number | 14.12.08

Copyright © 2008 National University Health System

Translational and Clinical
Research Flagship
Programme
$25 million over 5 years, awarded end 2008;
renewed end 2013

Developmental Pathways to Non-Communicable Diseases

• To study how pregnancy and early childhood
conditions (development) influence the tendency of
individuals to develop non-communicable diseases
(obesity, diabetes, neurodevelopmental disorders) later
on in life.
• To study how ethnicity influences the tendency of
individuals to develop NCDs.

• Main aim is to find ways to prevent these chronic
diseases rather than just treating them or preventing
their complications.

Windows of opportunity
to promote health

M. A. Hanson, and P. D. Gluckman Physiol Rev 2014;94:1027-1076

If you mess up
your children,
nothing else you
do really
matters.
Jacqueline Kennedy
Onassis, 1929-1994

How does early life affect
long term health?
Pregnancy
Early childhood
First 1000 days

How the pregnancy period affects the baby’s
future development

From Gluckman et al, Am J Hum Biol 2007; 19: 1-19

Development from a phenotypic
perspective
Genotype

Development
(epigenetic
modification)

Phenotype

Great Ice Storm of 1998

The North American Ice Storm of 1998 was a massive combination of five
smaller successive ice storms, which combined to strike a narrow swath of
land in eastern Canada and northeastern USA in January 1998.

Long term effects of antenatal
maternal stress on their children
• The Great Ice Storm of 1998 caused extensive infrastructural
damage to parts of Atlantic Canada and northeastern USA and
left millions of people without electricity for weeks.
• Studies of pregnant women exposed to this natural disaster
later found that their young children’s neurodevelopment
were negatively affected, reflected by lower general
intellectual and language abilities.

“Truly World-class & Best-in-class” Tachi Yamada, A*STAR Board Meeting, June 2014.
“A study with great national impact - to prevent and manage diseases like diabetes and obesity.”
Minister Heng Swee Keat, MOE FY2015 Committee of Supply Debate-Speech, 6 Mar 2015.
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Launched in 2009
1247 mother-child pairs
3 Asian ethnic groups
Closest longitudinal follow-up ever
Deepest phenotyping & biosampling
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Deep phenotyping
of mothers
in mid-pregnancy

24/7 on-call team

Umbilical cord & placenta

Collection of
specimens at
delivery

Preparation

Snap freezing

Maternal, Paternal, Cord blood, etc

Interrogating the BioSamples
Blood chemistry
Including micronutrients, metabolomics

Umbilical cord
and placenta

Genotyping
Omniexpress+ exome arrays
SNP and CNV

Maternal and fetal blood

Longitudinal buccal swabs

Methylome assessment
Infinium 450K arrays
RRBS
Methyl-capture-seq
Chromatin and histone assessment
TaCH / DNAase protection
Native ChIP-seq
Mnase-seq

Cord derived MSCs

Longitudinal microbiota
sampling

Transcriptome assessment
Infinium HT12 v4 arrays
RNAseq
miRNAseq
Microbiome assessment
16S RNA sequencing
Metagenomics
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Day 1 – Body Composition

Skinfold
measurement

Bioelectrical
impedance

Air displacement
plethysmography

In GUSTO, we measured neonatal
brain function right after birth

EEG on Day 1 of life

MRI on Day 7 of life

Preparation

Reconsent

MRI
Day
Skinfold &
Anthropometry

Day 7-10
Postnatal

Immobilization
bag

386 MRIs
done without
sedation

BIA

For a subset,
MRI is
repeated at:
Week 6
Month 6

Into the MRI

MR Imaging
Whole Body Study: Head & Chest, Abdomen & Lower Limbs

FRACTIONAL
ANISOTROPY:
INTEGRITY OF AXONS,
IMPORTANT IN
MEDIATING
NEUROLOGICAL
FUNCTIONS

Clinic Visits at 6, 18, 24, and 36 months:
Neurodevelopmental and other detailed assessments

Computerised
Eye Tracking

Electrophysiology

Behavioural Observation
now one of the
top centres for
early neurodevelopmental
research

4 Years
School Readiness Test

Peabody
Picture
Vocabulary Test

Lollipop Test

This is a test of
receptive
vocabulary which
assesses the child’s
vocabulary
acquisition.

This test assesses
the child’s ability
to identify
colours, shapes,
numbers and
letters.

Panamath

Child Behaviour
Checklist

Number
Knowledge
Test
This test
assesses the
child’s intuitive
knowledge of
numbers.

Visually Cued
Recall Test
This test evaluates
the child’s working
memory through
visual images and
verbal information.

Random
Object Span
Test
This test assesses
the child’s visual
working memory.

This test measures the child’s number sense and
approximate number system (ANS) which underlies the
ability to produce abstract number representation.
This checklist measures the child’s
behavioural and socio-emotional
functioning as reported by parents.

These tasks carried out during the 48 Months Home Visit help to assess the child’s ‘school readiness’ in Singapore.

Comprehensive Test
of Phonological
Processing- 2
This test evaluates the
child’s phonological
processing as a
prerequisite to reading
fluency.

MRI: SAFARI ADVENTURE!

SIEMENS MAGNETOM
Skyra syngo MR D13

4.5 Years

MRI Abdominal Compartment at 4.5 years

now one of the top centres for early
childhood imaging research

BOD POD:

Spaceship adventure!

Visit
Year 5
Year 6

Status
Ongoing
Just started

Quantitative Magnetic Resonance Technology
QMR: Fun with sea animals!

Visit completed
647
29

BOD POD performed
329
5

QMR performed (KKH)
193
21

Translational impact
Turning research into action

Importance of Early Mental Health
Moffitt et al,
PNAS,
2010
Israel
et al, PNAS,
2014

For Education

For Financial
Responsibility and
Criminality

Our neonatal MRIs have yielded much new information

We are examining the influence of unique
Singaporean factors on infant functioning
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Abstract— Western societies put emphasis on the development of the individual self, while Asian societies prioritize the sense of the self
in relation to social groups. In Western populations roughly 60% of 18-month-old toddlers show self-referential behavior upon viewing
themselves reflected in a mirror. Self-referential behavior has been used as a measure of self-recognition and development of the self.
The aim of the current study was to investigate possible cultural differences in toddler’s self-referential behavior while looking at
themselves in a mirror. The current study involved 329 18-months-old Southeast Asian, multi-ethnic Singaporean toddlers taking part
in a larger prospective mother-offspring birth cohort study GUSTO. In contrast to Western results, only 31.3 % of Singaporean
toddlers showed mirror self-recognition behavior. However, rates significantly differed by ethnicity, with Singaporean Indian toddlers
showing more self-referential behavior than Singaporean Malay and Chinese toddlers. Thus, collectivistic values could explain
differences in self-referential behavior and expression of self-recognition. We propose that the sense of the self might have developed
similarly across different cultures but that other variables, such as parenting styles, might influence self-referential behavior.
Keywords-cultural differences; mirror self-recognition; toddlers

INTRODUCTION
A child’s ability to show self-recognition is often viewed as a part of a larger suite of cognitive abilities that emerge simultaneously, including
language, symbolic play, planning, and object permanence. These abilities collectively provide a foundation for new cognitive achievements
such as autobiographical memory and self-evaluation [1]. Self-recognition has also been shown to have an extensive impact on a child’s social
relations, social cognition, maturational, and affective growth [2]. Studies have found that delays or deficits in self-recognition result in an
under-developed sense of self, which is crucial for development of empathy [1,3,4].
Self-recognition in toddlers is most frequently measured via the Rouge Mark task (Gallup, 1970), which involves surreptitiously placing a
mark on an individual’s face so that the mark cannot be seen directly. This is followed by placing a mirror in front of the toddler. The reaction
of the toddler towards his or her own reflection is observed [6]. Toddlers aged between 15 to 24 months have been observed to touch or wipe off
the rouge mark placed on his/her nose when placed in front of the mirror, showing self-referential behavior and depicting the presence of selfrecognition concept [1,7]. For example, Amsterdam (1972) observed a sample of 18- to 20-months Caucasian toddlers in New York Hospital
and found that 42% showed self-recognition behavior. Nielson and Dissanayake (2004) found that 64% of the toddlers at 18 months showed
mirror self recognition (MSR) in a sample made of Australian-Caucasian toddlers. Similarly, Courage, Edison, and Howe (2004) observed that
67% of observed 18 months-old White toddlers exhibited MSR behavior.
Nevertheless, variations in the onset of MSR and expressivity of self-referential behavior have been found in children across time periods and
cultural settings. This variation may occur for at least two reasons. First, children in industrialized cultures and developed countries are
frequently exposed to mirrors at an early age. When children understand that they are seeing themselves reflected in a mirror, they begin to
appreciate how they look and how others might see them, which contributes to their development of self [10]. Broesch, Callaghan, Henrich,
Murphy, and Rochat (2011) reported that 88% of US children of between 18 to 72 months exhibited self-referential behavior, but only
approximately 24% of Kenyan children displayed this behavior in the MSR Rouge Mark task. Interestingly, most Kenyan children showed
freezing behavior (the absence of any body movements or vocalization while staring at the mirror image for more than two seconds), suggesting
an uncertainty in showing the usual standard response to their mirror images. Broesch et al. (2011) suggested that these Kenyan children and
others from similar cultural backgrounds may be unsure of a response to operationalize their self-recognition abilities when exposed to a mirror
for the first time, thus appearing to not have developed self-recognition. Keller et al. (2005) also argued that Western children seemed to be
more familiar with mirrors due to a greater amount of shared mirror exposure with others as compared to non-Western children, thus explaining
the higher percentage of MSR found in Western children as compared to non-Western populations. Second, children’s interaction with the social
world and their cultural environment play a part in determining the

Maternal Glycaemia and
Influence on Infant Cognition
Effect of GDM on conditional difference in EP max amplitude towards oddball and
standard stimuli, stratified by hemispheres.
6 months (n=104 control, 25 GDM)
Left Hemisphere (µV)
Right Hemisphere (µV)

Adjusted mean condition difference*† (95% CI)
p value
-0.76 (-1.49 to -0.04)
0.039
-0.02 (-0.80 to 0.77)
0.964

18 months (n=87 control, 15 GDM)
Left Hemisphere (µV)
Right Hemisphere (µV)

-0.93 (-1.80 to -0.05)
-0.29 (-1.30 to 0.73)

0.039
0.576

* Condition difference= oddball - standard
† Mean difference (GDM-control), adjusted for maternal age, maternal education, sex and gestational age of child, ethnic group, 26 weeks STAI-state,
maternal pre-pregnancy BMI and gestational weight gain at 26 weeks gestation.

EPmax amplitude condition
difference‡ in left hemisphere (µV)

Fasting PG
Adjusted† β

6 months
18 months

2 hours PG
(95% CI)

-0.04 (-0.78 to 0.70)
-0.36 (-1.04 to 0.31)

Adjusted† β

(95% CI)

-0.19 (-0.42 to 0.04)
-0.27 (-0.49 to -0.06)

†Adjusted for maternal age, maternal education, sex and gestational age of child, ethnic group, 26 weeks STAI-state, maternal pre-pregnancy BMI
and gestational weight gain at 26 weeks gestation. ‡ Condition difference= oddball - standard

Maternal Stress
and
Brain Development
of the Newborn

Maternal anxiety and depression
Singapore

GUSTO
cohort study

During pregnancy

Postpartum

•
•

7% with depression

•

12.2% with depression
11% with major depression and 7% with minor
depression in high-risk group
12.5% with anxiety disorder in high-risk group

•
•
•

12% with depression
12% with high anxiety symptoms
21% with high anxiety personality traits

•
•
•

11% with depression
13% with high anxiety symptoms
20% with high anxiety personality traits

• At least 1 in 9 women in Singapore experience anxiety
and/or depression during and after pregnancy.
• Anxiety rates in Singapore are higher than what was
reported by other groups (roughly double).
Depression is the leading cause of disability worldwide and a major contributor to the
global burden of disease (WHO: http://www.who.int/mediacentre/factsheets/fs369/en/)

Neurodevelopment
Maternal depression
during pregnancy
affects the brain of
the newborn
(less ordered neural pathways
in a brain region closely
associated with vulnerability
for mood anxiety disorders).

Suggest the transmission of
vulnerability for depression
from mother to child.

Figure 1: The red contour indicates the amygdala on diffusion
tensor imaging and T2-weighted magnetic resonance imaging.

Catechol-O-methyltransferase (COMT) Haplotypes Modulate
Associations of Antenatal Maternal Anxiety and
Neonatal Cortical Morphology
Antenatal maternal anxiety
affects the prefrontal and
parietal cortical thicknesses of
neonatal brains (involved in
executive functioning &
sensory processing).
This association is modulated
by the babies’ COMT SNPs
(val158met, rs737865, and
rs165599).

Recognition of
GUSTO’s value
• An editorial in the February 2015 issue of the prestigious
American Journal of Psychiatry lauded the study,
remarking that “the GUSTO design is unique in that it
(doing MRI at 1 week of life) removes the biggest
scientific obstacle that faces most birth cohort studies
that aim to examine antenatal factors.”
• Deputy Prime Minister Teo Chee Hean, in his speech at
the 30th anniversary of Institute of Molecular & Cell
Biology on 8 May 2015, described GUSTO as “a national
birth cohort study of Singaporean mothers and babies
on how environmental factors affect the development
of diseases in later years.
• For example, the research findings showed how a
mother’s anxiety from pregnancy could affect her child
intellectually and emotionally from birth.”

Mr Teo Chee Hean
Deputy Prime Minister

FINDINGS
•More than 1 in 9 Singaporean women suffer from anxiety
and depression during and/or after pregnancy.
•Findings from GUSTO show that poor maternal mental health
may be associated with increased neurodevelopmental
disorders in the offspring including anxiety, depressive or
disruptive behavior disorders, even in sub-clinical ranges of
maternal anxiety and depression.

RECOMMENDATIONS TO MOH, 3 SEP 2015
1. Integrate screening for anxiety and depression into
routine prenatal and postnatal care across all
government and private maternity hospitals.
2. Provide professional emotional health support for
women during pregnancy and continuity of care services
from hospital to home.
3. Identify risk factors and social determinants for
perinatal anxiety and depression and provide targeted
help for high-risk groups.

True Translation:
GUSTO findings inspire cartoon
May 5, 2014 The Straits Times
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Deep Phenotyping

& & NIPPer

Demographics & Social Determinants
Maternal Health e.g. gestational diabetes mellitus
Maternal Emotional Well-Being
Nutrition & Metabolism
Cardiovascular changes (including retinal vessels changes)
Endocrine changes
Body Composition (e.g. MRI) & Growth (including fetal ultrasounds
Oral Health
Neurodevelopment
Child Health & Allergy

Longitudinal measures
Pre-conception

Genomics

Pregnancy

Epigenomics

throughout the Life Course
Early childhood
and later life

Postnatal and
non-gravid

Transcriptomics

Interaction with environment e.g. the Exposome

Proteomics

Metabolomics

Metagenomics &

Microbiome
Metatrascriptomics

Preconception influences on
maternal and offspring outcomes
• Unprecedented opportunity to study how
a woman’s health, nutritional and
emotional state before pregnancy can
influence:
– Their pregnancy outcome
– Their child’s health and development
– Their own health after pregnancy

• Help us develop guidelines for all
reproductive-age women:
– to give their babies the best start to life
– improve the nation’s health
• Launched Q2 2015, with over 300 prepregnant women enrolled, 50 pregnancies,
and 4 deliveries so far.

Nutritional Intervention Preconception and During
Pregnancy to Maintain Healthy GlucosE Metabolism &
OffspRing Health

• High rate of micronutrient
deficiency in GUSTO mothers with
Gestational Diabetes.
• Randomised controlled trial of a
pre-pregnancy nutritional drink:
– Healthier blood glucose levels in mothers
– Healthier babies
– Better long term health for mothers

• Validate findings across 3
populations:
– Auckland, Singapore, Southampton
(EpiGen)

• Launched August 2015: 144
subjects randomised, with 13
pregnancies so far.

The Straits Times, February 22, 2016

Key Area Going Forward:
Early detection & prevention of Diabetes

GUSTO revealed alarming rates
of missed GDM and subsequent
development of T2D

S-PRESTO designed to
study factors leading
to development of GDM
and subsequent T2D

NIPPER designed to prevent
GDM and subsequent T2D with
pre-pregnancy nutritional
supplementation

Achievements to date
Metabolic TCR Flagship Programme, NUS Medicine
Singapore Institute for Clinical Sciences, A*STAR,
Singapore Centre for Nutritional Sciences, Metabolic Diseases,
and Human Development (SiNMeD) and
KK Women’s & Children’s Hospital

ACADEMIC
IMPACT

RESEARCH
CAPABILITIES

SOCIETAL
VALUE

ECONOMIC
VALUE

>350
scientific
papers

> $120M in
grant
funding
secured

Nestle 2015
R&D Award,
Innovation
Partnership
Category

12 patent
filings

47
Students
(Masters, PhD &
Post doctoral)

>200 staff
+ 35 Faculty
members + 3
new faculty
recruits

GUSTO Birth Cohort
(launched 2009)

Neurodevelopment
Research Centre
(launched 2010)

Clinical Nutrition
Research Centre
(launched 2014)

S-PRESTO & NIPPER
Pre-conception Cohorts
(launched 2015)

Advancement in MRI
technique to improve
the quality of patient
care

Optimising maternal &
offspring health
through changing
national health policy

Improving
understanding of
factors influencing
early school
performance

Community
engagement &
education for health &
nutritional literacy

12 patent filings at the
national phase, including 9
with major industry partners

Deep collaborations with major
nutrition companies like Abbott,
Danone & Nestle have led to
establishment of new research
facilities in Singapore

>S$28M in direct industry
funding for R&D in Singapore
with another $10M in the
pipeline

We are doing all this to benefit
Singaporeans and to
Change Tomorrow’s Health, Today. . .
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