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The Growing up in Singapore Towards 
healthy Outcomes (GUSTO) Study

• 1247 mothers recruited in 
2009

• Over 1000 mums and 
children still on follow-up

• From early pregnancy 
through to Age 12 today

• Wide & deep longitudinal 
phenotyping that is 
unprecedented

Over 300 publications 

since 2012



GUSTO: Detailed Measures and Observations from Birth to 
Today

EEG on Day 1 of life

Pushing new boundaries for measuring 
body & brain activity from birth

Body Comp via BodPod Buccal Swabs Skinfold Thickness Allergy Skin Pricks

Continuing into annual assessments 
through middle childhood

MRI on Day 7 of life

Infant EEGs <6mths Parent-Child Interactions

Anthropometry Infant Eye Tracking Body Comp via BodPod

Body Comp via 

Quantitative MR

Detailed follow-up through infancy 
and early childhood

Learning Assessments

2D Cardiac Function Assessments @ 6 y

Food Choice & Eating

MRI repeated at 4.5,
6, 8, and 10 years of age
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The                       Study

Since its inception in 2009, the GUSTO study has received significant support, 
and in return, birthed new initiatives that include:

SEEDING THE 

NEXT-GEN of

RESEARCH 

PROFESSIONALS

CREATING NOVEL SCIENTIFIC 

KNOWLEDGE

competitive grants 

RESEARCH FUNDING SUPPORT

2017 -2018 |  Improving care for gestational diabetes 

IMPROVING PRACTICE & 

POLICY

8 Masters

21PhDs

7 post-graduate 
candidates

45
assured funding through 

Human Health & Potential  
RIE2025

348
peer-reviewed 
publications

15
patents filed

2014 – 2023 | Prioritizing antenatal mental health of 

mums-to-be

2009 - 2010 | Enabling non-sedating protocols for safer, 

infant MRIs

2022 – 2023 | Calibrating screen time recommendations 

for young children

2022  | 24h physical activity guidelines for young children



Human Health & Potential (HHP)
An individual is conceived with a set of intrinsic health and abilities that develop along trajectories that 

are influenced by biological, environmental and socioeconomic factors throughout their life course.

Aim
To help individuals get the best start to life and to develop optimally 

throughout their life course.

ChildhoodPrenatal Adolescence Adulthood Elderly

Overlapping 

transitions

Early Life Physical, Neurocognitive & 
Emotional Development

Function & Performance

Healthy Longevity

Preconception



KEY PRINCIPLE:
Early intervention to enhance HHP



Interventions should happen when the brain is malleable

The Antenatal and Pre-school periods are
critical windows of opportunity

Sensitive periods in early brain development

Maximum 
brain growth

Numbers

Language

Emotional control
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Source: Center for Developing Child, Harvard, Shonkoff J et al 2000

In particular, the ages between 2 – 4 years offer an 
excellent opportunity to identify and intervene at a period 

poised between developmental stability and plasticity



“…we have to explore new possibilities for 
developing our people fully.”

“Studies in Singapore by Prof Chong 
Yap Seng show that the physical and 
mental health of women during 
pregnancy affects the brain 
development and behaviours of their 
babies...

The National Research Foundation is 
expanding on this by supporting 
research programmes that address 
the broader goal of enhancing human 
potential…”

DPM Heng Swee Keat on adapting to change in a post-COVID-19 
world, delivered during the debate on the President's Address in 
Parliament on 31 August 2020
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From Observation to Action; Validating Cohort Insights

Observed Insights

Replication Cohort

Interventional Trials

Implementation 

& Evaluation

Randomized Controlled Trial (RCT)

Pre-post Study

In silico simulated trials

Contextualised

e.g. S-PRESTO, birth cohorts elsewhere 

(Canada, China, France, Japan, Korea, Taiwan, New Zealand, UK, USA)



Early Screening

School Readiness



Panamath

Whole Child Panel

Peabody Picture 
Vocabulary Test Lollipop Test

Number 
Knowledge 

Test

Visually Cued 
Recall Test

Random 
Object Span 

Test

Comprehensive Test 
of Phonological 

Processing- 2

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

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

This test evaluates the 
child’s phonological 
processing as a 
prerequisite to reading 
fluency.

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

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

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.

Child Behaviour
Checklist

@Age 4

810 GUSTO children 

were evaluated with 

the Whole Child Panel

at age 4

School Readiness
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School Readiness has Multiple Dimensions 
Transformation of Evaluation to a More Holistic 
Whole Child Panel

Working with MOE to refine this
Evelyn Law et al. In Press. Journal of Pediatrics

Pre-Academic (Traditional 
School Readiness), 30%

Pregnancy & 
Health, 16%

Demographics & Home 
Environment, 24%

Socio-Emotional-Behavioural 
(includes Self-Regulation), 30%

Sensitivity 93.5%
Specificity 86.6%
Other existing tests: 
Sensitivity/Specificity ~70% only

Whole Child Panel

Pre-academic skills alone at age 4 at most explain one-third of the variance in LSP 
utilization at age 7 to 8. In contrast, family demographics, health and pregnancy, 
and preschool executive function dimensions contribute 50 to 70 percent in the 
risk prediction.



-1.5 S.D.
“At risk”

“At risk” children at age 4 
showed a large range of 
reading achievement at 
age 9; however, scores 
were all below the mean.

Mean

Year 4 Whole Child Panel Z-score (standard deviation)
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Weschler Individual 

Achievement Test, 

Fourth Edition (WIAT-4)

“At-risk” children at age 4 remained poor in reading at age 9



Early life factors and reading achievement1

Outcome: Poor reading2 Odds Ratio Effect size (Eta-squared 
η2)

p-value

Household income 3.35 0.10 (medium-large) <0.001

Maternal education 3.58 0.11 (medium-large) <0.001

Age 1 screen time (>1 hour/day) 2.83 0.08 (medium) 0.001

Age 4 Whole Child Panel (At-risk)2 23.62 0.21 (very large) <0.001

Age 4.5 Working memory2 3.33 0.10 (medium-large) <0.001

Age 4.5 Selective attention & 
inhibition2

1.81 0.03 (small-medium) 0.01

Age 4.5 Cognitive flexibility2 2.51 0.06 (medium) 0.001Note: 
1Weschler Individual Achievement Test, Fourth Edition (WIAT-4)
2“At-risk” Whole Child Panel and “poor” math: defined as >1.5 S.D. below the mean 

η2 = 0.01, small effect 
η2 = 0.06, medium 
effect
η2 = 0.14, large effect



Similar outcomes for math achievement at age 9



Taking it to the Community: 

Whole Child Panel Pilots with MOE Kindergartens

We are collecting data of children using the GUSTO-led

Whole Child Panel in pre-academic, self-regulation and 

socio-emotional abilities before and after the program.

In addition, we are evaluating the effectiveness of regular 

self-regulation activities led by teachers in classrooms 

as a scalable intervention to build children’s self-

regulation.

Initial pilot in 4 MOE Kindergartens (about 350 children) 
from May 2021, 2-year project

The plan is to implement intervention 
activities that can be integrated into 
everyday practices and carried out for the 
entire class, without targeting children who 
are more likely to enrol in LSP/LSM when they 
are in P1. This approach is taken to minimise
the risk of stigmatising the weaker children. 



Scaling up

Current Discussions

• With ECDA, MSF, PCF and NTUC preschool operators

• Developing the Whole Child Panel app for scale up with preschools

• Working with 6 My First Skool, 2 Little Skool House, and 10 PCF preschools with 
the possibility of spanning all PCF and NTUC operators



Early Screening

Maternal Emotional Health



Screening for Perinatal Depression

Edinburgh Post-natal Depression Scale 
(EPDS)

Gestational Week 26 – 28 
Late 2nd TrimesterMeaney M, Am J Psych, 2018



4 in 10 Women in GUSTO Show Signs of Perinatal Depression

Edinburgh Post-natal Depression Scale 
(EPDS)

Gestational Week 26 – 28 
Late 2nd Trimester

Sub-clinical Clinical

Meaney M, Am J Psych, 2018

Low/Mild



Maternal Stress in Pregnancy Affects Subsequent Neurodevelopment of her Child

Pregnancy and the First 1000 Days
Maternal Mental Stress

Brain MRIs conducted across 
timepoints in early infancy and 

through childhood, have 
provided much insight into the 

variations of 
neurodevelopment

GUSTO is one of the few studies 
that has brain MRIs from neonates 

at 
1 week of age repeated 

longitudinally till 10 years of age

This innovative approach has 
demonstrated direct associations 
between prenatal exposures and 
subsequent brain development in 

the growing child



Maternal Stress in Pregnancy Affects Subsequent Neurodevelopment of her Child

Pregnancy and the First 1000 Days
Maternal Mental Stress

Prenatal maternal depression 
affects the neonatal 

microstructure of the right 
amygdala

(a brain region closely associated with 
vulnerability for mood anxiety disorders)

This suggests transmission of 
vulnerability for depression 

from mother to child.

Effect seen at 1 week of life and 
persists at 4.5 years of age



Maternal Stress in Pregnancy Affects Subsequent Neurodevelopment of her Child

Pregnancy and the First 1000 Days
Maternal Mental Stress

Prenatal maternal anxiety 
affects the prefrontal and 

parietal cortical thicknesses of 
neonatal brains 

(involved in executive functioning & sensory 
processing)

This association is modulated by 
the infants’ COMT haplotypes 

(val158met, rs737865, and rs165599)



Enriching the Preschool Years

Improving Human Potential through the Early Environment

Identifying Gaps Early

School readiness in a child 
is impaired when mum is 

depressed during 
pregnancy

The Whole Child Panel, a 
locally validated 

assessment tool, can 
identify potential gaps in 
pre-academic, social and 

executive function 
skillsets as early as 4 
years of age when 

interventions may have 
more impact

Law EC et al (2021). Income disparity in school readiness and the mediating role of perinatal maternal mental 

health: a longitudinal birth cohort study. Epidemiology and Psychiatric Sciences 30,e6, 1-12.





Screen Time

Early Childhood Environment



Effect of Screen Time During Infancy on Neurodevelopment

With screen time exposure in infancy, we are already 
noting significant differences in brain structures and 
connections through MRI views of the child at age 6

Anterior Cingulate 

Cortex

Nucleus 

accumbens

(reward network)

Medial Orbital Frontal Cortex

(reward network)

Dorsolateral 

Prefrontal Cortex

(executive functions)

Caudate

(executive functions)

Thalamus

Amygdala

(emotion processing)

Ventral 

Tegmental

Area

Underlined 
structures affected by 
infant screen time all 
involved in executive 
functions, reward 
processing and 
emotional processing.

Decreased functional connectivity within the 
reward network suggests poorer cognitive 
control in reward-based decision making.



Enriching the Preschool Years

Improving Human Potential through the 
Early Environment

Adverse Effects of Screen Time

Every 1 hour extra TV viewing time in infancy is associated with -1.55 IQ points at 4.5 years of age
Odds of having an IQ score <70 (threshold for intellectual disability) 
was 6.2 times higher among children who watched >1 h/day of TV

Excessive and inappropriate 
digital media use may pose a 
threat to developing minds

Risk Factors
• Lower Maternal Education 

• Suboptimal Maternal Mental Health
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The negative effects of screen time during 
infancy, extend to later childhood

Academic performance at age 9 
is weaker, in children with >1h 

screen time/day as infants

Attention & Executive Function 
is poorer at age 9, with higher 

screen exposure as infants

Teacher-reported 
attentional 
behaviours

Lab-based gold-
standard cognitive 

and academic 
assessments

We used a combination of measures to establish a broad view of the impairments

Brain electrical 
activity measures 

through EEGs

JAMA Pediatrics, Jan 2023





Early Eating Behaviours

Early Childhood Environment





Of GUSTO kids 

are Overweight 

or Obese by 

age 6



Enriching the Preschool Years

Improving Human Potential through the Early Environment

Addressing the Gaps: Improving Eating Behaviours

Obesogenic Childhood Eating 
Behaviours can be Identified

Faster eating at age 4.5 predicted 
higher BMI and adiposity at age 6 By 6 years of age, the strongest 

predictor of child energy 
intake was the total portion 

they served themselves

Children learn to ‘plate clean’ 
during the preschool years

Caregivers’ preferences 
(for themselves) can bias
the portion sizes they pick 

for their child 

Children with early signs of Eating in the 
Absence of Hunger (EAH) at age 4.5 were 

3X more likely to exhibit similar traits 
later (age 6), showing stability over time

The preschool years or earlier are            
a golden opportunity to set up            

habits for a lifetime

Children taken care of by non-parental 
caregivers have higher adiposity measures. 



Regardless of risk factors for obesity, children do 
not become obese unless they have 
inappropriate eating behaviours
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N=392, *corrected P<0.05

Children in the highest risk groups had 
inherent risk factors - both parents 
were overweight, and mothers had 
excess gestational weight gain (GWG) and 
high glycemia (FPG) in pregnancy

However, these inherent risk factors were 
in themselves, insufficient, and had to be 
combined with inappropriate eating 
behaviours to result in greater 
adiposity

Levels of obesogenic eating behaviour 

13% 
of GUSTO kids are 
overweight/obese 

by age 6





• The data collected by GUSTO highlight gaps and opportunities 

for us to improve on the health and human potential of 

Singaporeans, at key points across the life course.

• Opportunities identified for optimizing early child development:

1. Maternal emotional health

• Preconception

• Antenatal

• Postnatal

2. Early childhood environment

• Early screening 

• Screen time

• Early eating behaviours

In Summary



If you mess up your 
children,

nothing else you do 
really matters.

Jacqueline Kennedy Onassis

1929-1994


