The power of cohort studies in
hopulation health



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

Dramatic reduction in Maternal Mortality

(2.5/100,000) and Infant Mortality (2/1000) 215t CQntury Cha"enges in MCH
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Prematurity.
Congenital Defects
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Sepsis,
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Loo et al., Eur | Epidemiol. 2020; Kee et al., Arch Womens Ment Health. 2021; MOH Singapore, 2021; NPHS 2022 & 2023 Report, MOH Singapore; Singapore
Department of Statistics, 2025
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« The 6rowing Up in Singapore

N Towards healthy Outcomes
GUSTO (6USTO) study was established in
A birth cohort study 2009 to investigate how early life
factors influence the development

e of metabolic and neuro-
developmental conditions.

* Recognizing a significant increase in
non-communicable diseases - like
diabetes in Asia - researchers

BIRTH COHORT STUDY aimed to understand the early life

determinants contributing to this

\ > Tr'end.
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Why are longitudinal
cohort studies
important ?

Longitudinal
cohort studies
can offer
insights across a
lifespan

y .
Lif'e Can Only Be Understood Backwards
But It Must, Be Lived Forward -
N

J



“At first sight it may seem improbable that events occurrin
existence could produce changes 50-70 years later”

Hales & Barker, 1992, Diabetologia

of your life

The new science
of fetal origins
Y ANNIE MURPHY PAUL

Why Your DNA Isn't Your Destiny | Jan. 18, 2010 How the First Nine Months Shape the Rest of Your Life | Oct. 4, 2010
Cover Credit: PHOTOGRAPH FOR TIME BY KEVIN VAN AELST Cover Credit: MERRICK MORTON / COLUMBIA
: 2nd Window

1st Window _
The first 1000 days of life is widely The adolegcenp perlod (1 0_24.years)
recognised as a critical development period has been identified as a crucial
for the body, brain and immune system. second window of development for
o ’g body, brain and social and

o ® e psychological changes
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GROWING UP IN SINGAPORE TOWARDS HEALTHY OUTCOMES




* 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

A CUSTO

GROWING UP IN SINGAPORE TOWARDS HEALTHY OUTCOMES

IN UTERO BIRTH INFANCY & CHILDHOOD




BGUSTO

4 J 75N\ )
MRl of-rewborn
(4.5y, 6y,
10.5y & 13vy)

Brain & Body

composition
“(GUSTO) removes
the biggest
scientific obstacle
that faces most
birth cohort

studies...

\ Am.J.Psych /

Father

Unique developmental cohort

Intensive, deep,
repeated phenotyping

Extensive development and
behaviour assessments

4 Extensive biosampling

Saliva w
Expanded range of blood components T ; '(X
6 (Serum, Plasma, Buffy Coat, Whole blood, by a H

Ir a4 " K RBCs, Lymphocytes, cell-free fetal DNA) ¥ i " e

Breas i kot Urine | Buccal swabs

ilk 1\ N :
ComprEhenS|Ve 7:" h’ W T Expanded placenta and cord %

' blood (Serum, Plasma, Buffy Coat,
Whole Blood, RBCs, lymphocytes) &8
cord tissue, cord mesenchymal

bioassays: Genotyping, | « &}
Neonatal

Multiomics, Multiplex | tiodspors

Epithelial/vaginal/ ~ Stool

rectal/nasal swabs stem cells







Transforming Maternal Metabolic Health in Singapore

GUSTO’s research on gestational diabetes (GDM) led to policy changes and long-term benefits

2014 2016 2018

iz Pactc jourral of Publc Mot o ('
RESEARCH ARTICLE Open Access Incremental Cost-Effectiveness e 0 an gy C1REGUDE(ACE)  impampeninzs ‘J
] ] ] Analysis of Gestational Diabetes mthm?mﬁll%.%ﬁzi Gestational diabetes {”‘ 7
Ethnic differences translate to inadequacy of pEaiicus Scraaning Strasagies i T mellitus

Singapore

An update on @

screening, diagnosis, # =7 4

; and follow-up %
\..
Key messages ’ ~>

Duri gth ir first trimester, scre

high-risk screening for gestational diabetes
mellitus in an Asian population: a cohort study

456

Yap-Seng Chong™*, Shirong Cai', Harvard Lin', Shu E Soh®*, Yung-Seng Lee®, Melvin Khee-Shing Leow™>%,
Yiong-Huak Chan’, Li Chen?, Joanna D Holbrook*, Kok-Hian Tan®, Victor Samuel Rajadurai®,

George Seow-Heong Yeo'®, Michael S Kramer"", Seang-Mei Saw?, Peter D Gluckman®'?, Keith M Godfrey
and Kenneth Kwek'® on behalf of the GUSTO study group

Pin Yu Chen, MD', Eric A. Finkelstein, PhD',

Mor Jack Mg, BS?, Fabian Yap, FRCPCH?,

George 5. H. Yeo, FRCOG?, Victor Samuel Rajadurai, MD?,
Yap Seng Chong, MD?, Peter D. Gluckman, FRSNZ?,
Seang Mei Saw, PhD?, Kenneth Y. C. Kwek, MRCOG?,

and Kok Hian Tan, FRCOG!

1314

glucose threshole

« GUSTO: 1in 5 women affected by GDM Universal screening for GDM is m be
- Half were missed by prevailing (high- cost-effective for reducing
risk) screenin complications, compared to ) T
) g . ’ ) National guidelines updated:
* Post-pregnancy, those with GDM are at targeted or no screening

universal screening

12x higher risk of diabetes introduced

2024

Postpartum Screening for Type 2 Diabetes in Women With a History of
Gestational Diabetes Mellitus: A Cost-Effectiveness Analysis in Singapore

Andrea Cremaschi, PhD, Willem van den Boom, PhD, Nicholas Beng Hui Ng, MMed, Beatrice Franzolini, PhD, Kelvin B. Tan, PhD,
Jerry Kok Yen Chan, PhD, Kok Hian Tan, MMed, Yap-Seng Chong, MD, Johan G. Eriksson, DMSc, Maria De lorio, PhD

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

=



Advancing Diabetes Risk Prediction: Machine Learning

JMIR DIABETES Kumar et al

Original Paper Machine Learning Models used to

Machine Learning—-Derived Prenatal Predictive Risk Model to . . . .
Guide Intervention and Prevent the Progression of Gestational Predict which women with GDM are at risk of Type 2

Diabetes Mellitus to Type 2 Diabetes: Prediction Model Diabetes
Development Study Predict preterm birth risk with high accuracy

- ., , . Identify non-invasive predictors of GDM - outperformed UK
Mukkesh Kumar'**, BEng (Hons I); Li Ting Ang"’, BSc; Cindy Ho'?, BSc; shu E Soh', PhD; Kok Hian Tan'®, . . . . . . .
MBBS, MMed, MBA; Jery Kok Yen Chan’®’, MB BCh BaO (Hons), PhD; Keith M Godfrey'®!!, BMMed (Hons), guidelines in assessing risk in Asians

PhD; Shiao-Yng Chan"’, MBBS, PhD; Yap Seng Chong"’, MBBS, MMeD, MD; Johan G Eriksson™"'*"", MD,
DMSc; Mengling Feng*'"", PhD; Neerja Kamani'*'*", PhD

Contents lists available at ScienceDirect

o International Journal of
Diabetes Research and Clinical Practice * y Environmental Research MDPI
i RS2 4 and Public Health
. 1 T .
ELSEVIER journal homepage: www journals.elsevier.com/diabetes-research-and-clinical-practice Article
Automated Machine Learning (AutoML)-Derived
o Preconception Predictive Risk Model to Guide Early
Population-centric risk prediction modeling for gestational diabetes = Intervention for Gestational Diabetes Mellitus

mellitus: A machine leam]ﬂg ﬂpprUﬂCh Mukkesh Kumar 230, Li Ting Ang 2, Hang Png 12, Maisie Ng 1.2, Karen Tan !, See Ling Loy %5,

Kok Hian Tan 90, Jerry Kok Yen Chan #3758 Keith M. Godfrey *, Shiao-yng Chan "}, Yap Seng Chong /5,
Johan G. Eriksson 1310111 Mengling Feng 312,43 and Neerja Karnani 1,213+

Mukkesh Kumar™ ™", Li Chen”, Karen Tan", Li Ting Ang™ ", Cindy Ho -P Gerard Wong °,
Shu E Soh “, Kok Hian Tan “, Jerry Kok Yen Chan *"', Keith M Godfrey’, Shiao-yng Chan ¢
Mary Foong Fong Chong ™, John E Connolly *, Yap Seng Chong %, Johan G Eriksson """,
Mengling Feng ~ ', Neerja Karnani ™ ™" *




Mobile Health Interventions for Diabetes Prevention

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

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

scientific reports

N Combined analysis of gestational
diabetes and maternal weight
status from pre-pregnancy
through post-delivery in future
development of type 2 diabetes

Ling-Wei Chen®**, Shu E Soh’

Kok Hian Tan®7, Yung Seng L

W) Check for updates

s Study on diabetes risk
in mums to look at
sleep, mental well-being

Lee LR ving
L orpe spondent

—————————
A per Dovar-yesar study alms to bedp

women who have had diabspes
while pregnant cut their nisk of
developing Type 2 disbeies later
I ke, by snadying health facoors
such a mental well-being and
b

there are Many réasins Women
who have gestaticimal dabenes
harve a higher risk of Tvpe 2 dis
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galn during pregrancy, and anath
er s that both disorders share a
large mumbser of gemeric risk fac
&
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* Anovel, holistic digital intervention integrating mental health,
diet and lifestyle

Completed recruitment in Sep ’24

 Data collection under way

LvL UP App

Smartphone-based chatbot
delivered intervention

Happy App

Smartphone-based intervention

OApPY

LvL"

Holistic health and wellbeing divided into 3
pillars:  Eat Well, Move more, Stress less

Deliver health promotion information
(Singapore Health Promotion Board (HPB) and
HealthHub): Diet, Physical Activity, Sleep, and

Stress Tools [Journal, MakanNemo,

Steplah, breeze, lifehacks]

of developing Type 2 diabeses.

Study participants will wear a
digital ring tacker o acoaraney
mieasine thelr £ leep or wike States
for ekgha wereks

The reseanchers are oping o
recrult 400 Chinese, Malay or 1o
dian women bevween the ages of
H amnd 45 wies had gestarional dia

bedes in the past decade, b have
N0 CUrTent or past major hialch
conditioes, and are currently o
SR LN,

They will have to Install the
Happy app on thelr personal
amartphones. “Happy ™ stands foo
"Harnessisg hiaman potemtial and
improving health span I wWornes
aned chidr children study”™, wiich is
ther name of the study

Developed by SIS, the Happy
app will allew paricipanes o
pracly rhaler bhasbbh dass coobh  r

(SEC) SINGAPORE-ETH
CENTRE

National University

of Singapore



Maternal mental
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' wellbeing




Improving Maternal Mental Health in Singapore

Practice-changing findings on maternal mental health and the impact on child development

2013- 2017

ARCHIVAL REPORT

Prenatal Maternal Depression Associates with
Microstructure of Right Amygdala in Neonates
at Birth

Anne Rifkin-Grabol, Jordan Bai, Helen Chen, Waseem Bak'r Hameed, Lit Wee Sim,
Mya Thway Tint, Birit Leutscher-Broekman, Yap-Seng Chong, Peter D. Gluckman,
Marielle V. Fortier, Michael J. Meaney, and Angi Qiu

WEHEINE WILEY

RESEARCH ARTICLE

Perinatal maternal depressive symptoms alter amygdala
functional connectivity in girls

Ni Ni Soe! | Daniel J. Wen! | Joann S. Poh? | Yap-Seng Chong2?® |
Birit Fp Broekman? | Helen Chen* | Lynette P. Shek?5¢ | Kok Hian Tan” |
Peter D. Gluckman2 | Marielle V. Fortier! | Michael J. Meaney2?10 | Angi Qiul2

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

2021

CHILD
Evidence

Brief

2015

White Paper to MOH

2023

THESTRAITSTIMES

New guidelines to support mental
health of women during pregnancy and

after birth

Maternal Emotional Well-being:

Screening and Management may benefit

Singapore’s future generations.

A About 8% of expectant mothers found to have

signs of prenatal depression following KKH

cnad

3 September 2015

EVIDENCE INSIGHT | ¥ s0m child

Maternal mental health and

well-being during pregnancy
linked to brain development

and Function in children

screening

CLINICAL GUIDELINES

PERINATAL MENTALHEALTH
GUIDELINES ONDEPRESSION
& ANXIETY

FEBRUARY 2023

i
SINGARORE EUNAICOLDGISTS, SNGAPORE

|

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)

bonding before birth

Findings from GUSTO, MAMS: Bonding Before Birth Intervention

* Prenatal maternal depressive

symptoms impact child brain * Adaptive intervention mobile .

. . SN : * Low cost, scalable digital
changes associated with health trial in first-time expectant ] ) _ _
executive function and emotion parents intervention dellyered during
regulation * Mindfulness and cognitive- the antenatal period

behavioural therapy-based * Involving both parents
« Maternal executive function, * Reinforcement learning, micro- « Emphasises prenatal period as
emotion and behavioural random!satlon Ina clustgr— critical window for intervention
regulation affect child executive randomised controlled trial

function and emotion regulation

Expected outcome: to improve emotion regulation in parents and children -

promoting child cognitive and socio-emotional development

NUS [goucenvs MOHT (o 4™

National University 4
of Singapore Medical School it —
MOH OFFICE FOR HEALTHCARE National Healthcare Group

TRANSFORMATION



From evidence to impact

Gestatmnal dlahetes - E
mellitus

An update on a

goreening, diagnosls, _|.-'
, and follcw-up

Gestatlonal dlabetes Maternal Mental Health

Childhood Activity Childhood Screen Time

 Guidance on Screen

. : « Singapore’s first e Guidelines for 24-hour . . :
scaay ncnlaen 0= U o (g
and follow-up Health Guidelines 6 years old (College of Hild S 8

(College of O&G Paediatrics and Child e el e &l
Singapore) Health) months of age (HPB

« Universal antenatal and MOH)

screening for mental
health issues (KKH)



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

Findings represent local

ethnic & cultural norms Pathways

Identifies actionable pathways

from evidence to implementation

GUSTO offers opportunities to map trajectories

and understand not just modifiable factors, but
relevant pathways for interventions

Provide detailed descriptive
and cumulative data on a
group of Singaporeans growing S ——
up today RS - - R
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

Microscope

Path-finds serendipitous insights
Through repeated, longitudinal measures of
development in association with
environmental factors, for problems not
previously envisaged

Pathfinder

HGUSTO

GROWING UP IN SINGAPORE TOWARDS HEALTHY OUTCOMES



WP Why were the cohorts set up
Ay P 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

80%

EFFORT

hature . ARTICLES
human behaVIOur https://doi.org/10.1038/541562-019-0810-4

Clustering of health, crime and social-welfare
inequality in 4 million citizens from two nations

Leah S. Richmond-Rakerd ®'%*, Stephanie D'Souza®?3, Signe Hald Andersen®*, Sean Hogan®,
Renate M. Houts', Richie Poulton®?, Sandhya Ramrakha®, Avshalom Caspi®”®°, Barry J. Milne*® and
Terrie E. Moffitt®'678°

Health and social scientists have documented the hospital revolving-door problem, the concentration of crime, and long-term
welfare dependence. Have these distinct fields identified the same citizens? Using administrative databases linked to 1.7 mil-
lion New Zealanders, we quantified and monetized inequality in distributions of health and social problems and tested whether
they aggregate within individuals. Marked inequality was observed: Gini coefficients equalled 0.96 for criminal convictions,
0.91 for public-hospital nights, 0.86 for welfare benefits, 0.74 for prescription-drug fills and 0.54 for injury-insurance claims.
Marked aggregation was uncovered: a small population segment accounted for a disproportionate share of use-events and
costs across multiple sectors. These findings were replicated in 2.3 million Danes. We then integrated the New Zealand data-
bases with the four-decade-long Dunedin Study. The high-need/high-cost population segment experienced early-life factors
that reduce workforce readiness, including low education and poor mental health. In midlife they reported low life satisfac-
tion. Investing in young people’s education and training potential could reduce health and social inequalities and enhance
population wellbeing.
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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, Some highlights from the Dunedin Study

New Zealand, is a birth cohort begun between 1972-3 Childhood self-control promoted healthy ageing
. . _ across various aspects of physical, mental and
It’s original 1000+ participants are now >50 yrs old, with social wellness
findings that have influenced policy practice
in NZ and overseas Childhood self-control forecasts the pace of midlife

aging and preparedness for old age

A world standard, the Dunedin Study has set the Mol it ., oL Horingric. Sean Hoganc. Ronae M. Howeh Do helandP.Row Keenart
. . Annchen R. Knodt®, Tracy R. Melzer®®, Sena Park®®, Richie Poulton?, Sandhya Ramrakha%®,
fo U n d atl O n S a n d S h a pe d O u r p rese nt U n d e rsta n d I ng Of h OW kiL\;izeRI:I?{r;:\sqnazzsal:iseegf"'Mo,fEilti:gE:g} Sack®®, Adam T. Schmidt™, Maria L. Sison®, Jasmin Wertz®,
developmental origins have their place in influencing
individual and community health & well-being Just 20% of the study participants accounted for a
Boiii000 sk pacTons  ADOLAGIEANARES Lo SR disproportionately high economic & social burden

A Sy
-~ = T P

SELFFCONTROL EARLYSMOKING

B, I SCHOGL DR JI'_k_JL“'

CIOECONOMIC STATLIS TEEN PAREN THOOD \ Published: 12 December 2016
L g N gl ’ Childhood forecasting of a small segment of the
PREcRT 3 5 7 o u B 5 R (o2 % n population with large economic burden
IR e e e o 4 54% 66% 81% | | |
y = | Avshalom Caspi, Renate M. Houts, Daniel W. Belsky, Honalee Harrington, Sean Hogan, Sandhya Ramrakha,

CIga rettes Welfa.re cr":nlr.‘al Richie Poulton & Terrie E. Moffitt
smoked benefits convictions

Fig. 1. Design of the Dunedin Multidisdplinary Health and Development Study.

Reaping the full value of longitudinal 4 predictive factors for this high risk group:

studies can take decades - but adds e A o T
significant value to our understanding of ——— - Childhood maltreatment ~.
human development and capital C Lower

e



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



Give Every Child
the Best Start

5P &
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"It is easier to build
fstrﬂng children than

Risk Interventions|  No intervention
to rﬁ-pai r bro |'EE n forafected Lte devenion
r adults have l impactful for
E'El'u I tE- '- . limited effect vuinerable groups
) - v/ Late intervention

Childhood &
Adolescence: i iR :
Kt Earlier intervention
: ; improves functional
point to , capacity & responses
Mother int e
, Intervene . to new challenges
& infant: An P
effective point -
to intervene _.-Early intervention
b T e

» Life course

- Frederick Douglass -
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