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Where is the power 
of cohort studies? Temporality and potentially causality

Multiple outcomes

Reflect real-world conditions

Longitudinal data

Minimized recall bias



Health issues – and the world - have changed rather rapidly



Life expectancy in Singapore over 100 years



GUSTO 
A birth cohort study

• The Growing Up in Singapore 
Towards healthy Outcomes 
(GUSTO) study was established in 
2009 to investigate how early life 
factors influence the development 
of metabolic and neuro-
developmental conditions. 

• Recognizing a significant increase in 
non-communicable diseases - like 
diabetes in Asia - researchers 
aimed to understand the early life 
determinants contributing to this 
trend.



Longitudinal 
cohort studies 
can offer 
insights across a 
lifespan

Why are longitudinal 
cohort studies 
important ?



The first 1000 days of life is widely 
recognised as a critical development period 
for the body, brain and immune system.

1st Window 2nd Window
The adolescent period (10-24 years) 
has been identified as a crucial 
second window of development for 
body, brain and social and 
psychological changes





IN UTERO BIRTH INFANCY & CHILDHOOD

• Launched in 2009
• 1247 mother-child pairs
• 3 Asian ethnic groups
• Very close longitudinal follow-up
• Very deep phenotyping & biosampling
• >15,000 phenotypes collected across 10 domains
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Pregnancy

Newborn
Infancy

Childhood

Adolescence

Adulthood

ToddlerhoodGUSTO

Extensive biosampling

Comprehensive 
bioassays: Genotyping, 
Multiomics, Multiplex

Unique developmental cohort

Extensive development and 
behaviour assessments

MRI of newborn

Brain & Body 
composition

“(GUSTO) removes 
the biggest 

scientific obstacle 
that faces most 

birth cohort
 studies…” 
Am.J.Psych

Intensive, deep, 
repeated phenotyping

(4.5y, 6y, 7y, 
10.5 y & 13 y)

Father



Some Research Highlights
& 

Key Insights



Transforming Maternal Metabolic Health in Singapore
GUSTO’s research on gestational diabetes (GDM) led to policy changes and long-term benefits

• GUSTO: 1 in 5 women affected by GDM
• Half were missed by prevailing (high-

risk) screening
• Post-pregnancy, those with GDM are at 

12x higher risk of diabetes

Universal screening for GDM is 
cost-effective for reducing 
complications, compared to 
targeted or no screening National guidelines updated: 

universal screening 
introduced

Universal annual screening reduces 
costs by $19.4M and adds 3.8 thousand 
QALYs per cohort of pregnant women

2014 2016 2018

2024



Advancing Diabetes Risk Prediction: Machine Learning

Machine Learning Models used to
• Predict which women with GDM are at risk of Type 2 

Diabetes
• Predict preterm birth risk with high accuracy
• Identify non-invasive predictors of GDM – outperformed UK 

guidelines in assessing risk in Asians



Mobile Health Interventions for Diabetes Prevention

GUSTO:
• GDM patients are at 12-fold higher risk of 

diabetes in the 4 – 6 years post-pregnancy
• Particularly those obese or overweight, or 

retained weight after delivery

• A novel, holistic digital intervention integrating mental health, 
diet and lifestyle

• Completed recruitment in Sep ’24
• Data collection under way



HAPPY - HArnessing human Potential and improving health sPan in women and their children studY



Maternal mental 
health & 
wellbeing



Improving Maternal Mental Health in Singapore
Practice-changing findings on maternal mental health and the impact on child development

2013- 2017 2015
White Paper to MOH

2021
CHILD 

Evidence 
Brief 

2023

ARES CONFIDENTIAL

Correlation between a child’s brain 
microstructure and in utero exposure to 
maternal depression & anxiety

Singapore's first clinical 
guidelines on perinatal 
mental health, with KKH 
introducing universal mental 
health screening



Parenting intervention targeting emotion regulation
Bonding Before Birth (B3)

• Prenatal maternal depressive 
symptoms impact child brain 
changes associated with 
executive function and emotion 
regulation

• Maternal executive function, 
emotion and behavioural 
regulation affect child executive 
function and emotion regulation

• Adaptive intervention mobile 
health trial in first-time expectant 
parents 

• Mindfulness and cognitive-
behavioural therapy-based

• Reinforcement learning, micro-
randomisation in a cluster-
randomised controlled trial

• Low cost, scalable digital 
intervention delivered during 
the antenatal period

• Involving both parents 
• Emphasises prenatal period as 

critical window for intervention

Findings from GUSTO, MAMS:

Expected outcome: to improve emotion regulation in parents and children – 
promoting child cognitive and socio-emotional development

Bonding Before Birth Intervention



From evidence to impact 

Childhood Screen Time

• Guidance on Screen 
Use in Children: No 
screen time for 
children under 18 
months of age (HPB 
and MOH)

Maternal Mental Health

• Singapore’s first 
Perinatal Mental 
Health Guidelines 
(College of O&G 
Singapore)

• Universal antenatal 
screening for mental 
health issues (KKH)

Gestational diabetes

• Recommendations for 
universal screening 
and follow-up

Childhood Activity

• Guidelines for 24-hour 
activity in children 0 – 
6 years old (College of 
Paediatrics and Child 
Health)

ARES CONFIDENTIAL



How do contextualized, longitudinal studies 
like GUSTO benefit Singapore and Asia?

Art by GUSTO children

Provide detailed descriptive 
and cumulative data on a 

group of Singaporeans growing 
up today 

In-situ look at how individual, social and 
environmental factors affects health 

across the current generation, and how 
the dynamic environment interacts with 

growth and well-being

Findings represent local 
ethnic & cultural norms

Identifies actionable pathways 
from evidence to implementation
GUSTO offers opportunities to map trajectories 
and understand not just modifiable factors, but 

relevant pathways for interventions

Path-finds serendipitous insights
Through repeated, longitudinal measures of 

development in association with 
environmental factors, for problems not 

previously envisaged



Why were the cohorts set up 
in SG? 

Limitations of other existing cohorts:
1) Most recruited only from birth onwards
2) Comprised predominantly White Caucasian
3) Narrow range of data, biosampling and clinical measures
4) Infrequent follow-up during greatest growth periods

Why Singapore?
1) Three major Asian ethnic groups: Chinese, Malay, Indian
2) Adequate Resources, Skills and Infrastructure
3) Literate women willing to participate in such research
4) Accessible population within small geographical space with 
limited migration





Pareto principle



Did you know?

Societal costs

Nearly all
had a non-
optimal start 
in life



Longitudinal Cohort Studies Offer Insights Across a Life Span
The Dunedin Multidisciplinary Health and Development Study, 

New Zealand, is a birth cohort begun between 1972-3

It’s original 1000+ participants are now >50 yrs old, with 
findings that have influenced policy practice 

in NZ and overseas

A world standard, the Dunedin Study has set the 
foundations and shaped our present understanding of how 

developmental origins have their place in influencing 
individual and community health & well-being

Childhood self-control promoted healthy ageing 
across various aspects of physical, mental and 

social wellness

Just 20% of the study participants accounted for a 
disproportionately high economic & social burden

54%
Cigarettes 

smoked

66%
Welfare 
benefits

81%
Criminal 

convictions

Reaping the full value of longitudinal 
studies can take decades - but adds 

significant value to our understanding of 
human development and capital

Some highlights from the Dunedin Study

4 predictive factors for this high risk group:
• Low SES in childhood

• Childhood maltreatment
• Low IQ

• Low Self-Control



Importance of a strong foundation 

Building a solid foundation in the early years of a child's life will not
only help him or her reach their full potential but will also result in 

better societies as a whole







Thank you !!
GUSTO – participants,

staff and funders
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