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Traditional Cohort vs. Modern Cohort

* Traditional cohort studies primarily focus on
the associations between macro-level factors and

« Modern cohort studies gather rich population
data, creating a comprehenswe database resource.
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« Macro-level factors: demographics (e.g., gender, ?\‘/

age, education), lifestyle (e.g., physical activity,
smoking), environmental exposures, etc.

Support multidisciplinary research and advance
public health and medicine
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What alternatives / modern methodologies & Why?

1. Omics and Multi-Omics N

KPrevious cohort studies primarily
focused on macro-level factors (e.g.,

data (e.g., genomics, proteomics). This
limits the depth of insights into disease
Kmechanisms and individual variability.

~

lifestyle) without incorporating molecular

/




Omics and Multi-Omics| overview
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Genomics
1986
Thomas H. Roderick

Focus on genome
structure, function,
and variations related
to disease

Transcriptomics
1999
Charles Auffray
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expression profiles
to reflect
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o %
, | o8
@y

Metaboiic rainway

Proteomics
1994
Marc Wilkins

Investigate the
composition and
variation of proteins
within cells, tissues,
or organisms

Metabolomics
1999
Nicholson

Map metabolic
responses to
external stimuli and
environmental
changes

WY

Metabolom!

Naul

Q
m ‘
Transcriptome
SRR

Data
Integration

. . Sk
.
® s Ny

Biomarkers / \ Druggable targets

Disease Virulence
Phenotype Factors
Multi -Omics

mBio.2020;11(5):e010220
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Omics and Multi-Omics| UK Biobank

biobank™

Research Analysis
Platform

Enabled by DNANEXUs’

on time and
in budget

 The UK Biobank (UKB) is a large-scale biomedical database and research
resource, established as a prospective epidemiological cohort study.

* |t has collected data from 500,000 volunteers across the UK, including genetic
data, multimodal imaging, and health-related information.
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Omics and Multi-Omics| UK Biobank

» A search using "UK Biobank" as the keyword in Web of Science reveals a broad range of research fields.

* In the past five years, the proportion of articles related to omics has steadily increased.

_ medical health care
Informatics sciences service!
9%
20%

general internal
medicine
9%
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heredity
18%

medical ethics
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public
environmental = research
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health medicine
13% 14%

The First Ten Years (2002-2011)

geriatrics
gerontology
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genetics
heredity

10% 23%

cience technology
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biology
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Omics and Multi-Omics| UK Biobank

nature medicine

Article https://doi.org/10.1038/s41591-024-03142-2

Proteomicsignatures improverisk
prediction forcommonandrare diseases

nature

Article ‘ Open access | Published: 04 October 2023

Plasma proteomic associations with genetics and
healthinthe UK Biobank

ARTICLES

nature . .
medicine

https://doi.org/10.1038/541591-022-01980-3

Metabolomic profiles predict individual
multidisease outcomes

common and rare diseases
(e.g., multiple myeloma,
non-hodgkin lymphoma)

Proteomic-based
prediction models

« Map genetic associations for nearly 3,000 proteins.

« Reveal novel insights into the proteome’'s genetic
architecture and advanced drug discovery and
disease understanding.

common diseases
—> (e.g., type 2 diabetes,
dementia, and heart failure)

NMR-derived
metabolomic profiles




Omics and Multi-Omics| UK Biobank

Given that single-omics approaches can only study biological systems from one
perspective, they often fail to reveal the full functional complexity of an organism



Omics and Multi-Omics| Multi-omics

Environments

(" Microbiome ) e Multi-omics integrates genomics,

transcriptomics, proteomics, and
Eplgenetlcs Metabolltes :
metabolomics to study complex
DNA ANA Protein | molecular interactions.

[ (Genome) 'K_Q ranscrlptome) (proteome)

W

N Individual cell * It provides a comprehensive view of
(" Cellomics ) how genes, RNA, proteins, and
S Individual host Central dogma: —> metabO“teS funCtion Under Various
. Regulation: —> .-
Population conditions.

« Multi-omics analysis integrates data across molecular levels to understand biological
systems, uncover therapeutic targets, and support disease prevention, diagnosis, and
drug development.
Front Immunol.2021;12:668045
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Omics and Multi-Omics| LM-ACS

Qianfoshan Hospital

Central Hospital | Shandong Provincial
Afliated to f Hospital
Shandong First | /-
Medical University | ¢ =
\\ ,"’ "‘J i
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; First Medical University Sam ple
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Acquisition = Biological Specimens Cryogenic Storage

 The longitudinal multi-omics cohort of patients
with acute coronary syndrome (LM-ACS) is
designed as a real-world prospective cohort of
patients with acute coronary syndrome (ACS)
requiring coronary angiography.

1 . | 1 1
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+Deep phenotype including clinical :
information and cardiac function 1
A

o To explore the factors and mechanisms contributed to the
risk of MACEs after ACS.

® TO explore the risk factors for premature death after ACS.

| ® TO help map the spectrum of cardiac remodeling and heart
failure development after acute cardiac ischemia.

5
ACS

Patients

® TO provide a basis for analyzing the role of drug treatment
formulation in long-term outcomes of ACS patients.

® TO create a unique resource to explore the risk factors and
mechanisms contributing to ACS.

LM-ACS generates multi-omics data (genomics,
proteomics, metabolomics, microbiome) to
study ACS etiology and outcomes.

Multi-omics aims to uncover the etiology of ACS
and the process of post-ischemic heart
remodeling, advancing precision medicine.

https://doi.org/10.1002/imo02.18
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Omics and Multi-Omics| Advantages and challenges

Advantages

Causal Inference .

Explores environmental and genetic roles in disease
etiology. Reveals molecular mechanisms of complex
diseases.

Mediation Analysis

Identifies pathways linking lifestyle factors to
diseases. Provides insights into disease mechanisms.

Risk Prediction

Develops risk models for precision medicine.
|dentifies high-risk individuals and optimizes
treatment.

Challenges

High Costs

Lab testing in a large-scale cohort is
expensive.

Complex Data

High variability and multi-factor influences
complicate analysis.

Ethics and Data Sharing

Ethical and data-sharing issues need careful
attention. Global collaboration is challenging.




What alternatives / modern methodologies & Why?

2. eCohorts and Remote Data Collection

N —
42 )

This prolonged follow-up in traditional
cohorts increases the need for manpower,
time, and financial resources, adding to
the complexity and cost of the research.

® 13 ®



eCohorts and Remote Data Collection| Overview

« eCohorts, also often referred to as online or web-based cohorts, are the inevitable result of recent
technological advances as well as societal developments.

Traditional Cohorts eCohorts
Framingham Danish National NINFEA Brain Health
Heart Study Birth Cohort ( Birth Cohort ( Registy
Nur ses’ UK Millenium Nurses and Midwives Swiss MS J
Health Study Cohort Study e-cohort Study Registry




eCohorts and Remote Data Collection| Overview

Sampling * Nonrandom, self-selected volunteers « Random or clinic-based

» Primarily online (webpages, social media,
Recruitment etc.)
« Electronic consent

Offline (flyers, in-clinic)
» Face-to-face consent

* Primarily online and usually directly Primarily offline

Follow-up reported by participants - Usually linked to medical care; personal
* Rarely linked to medical care relationship
_ » Self-reported data * Multiple data streams
Analysis _ , :
* Quick access and analysis » Slower analysis process

* Frequent online dissemination

Promotes reproducibility and participant
engagement

» Slower publication

Dissemination - -
* Findings used for clinical tools

JMIR Public HealtBurveill 2021;7(1):e24588
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eCohorts and Remote Data Collection| Brain Health Registry

1 Depression
@) BrainHea Ith _ press PostTraumatic Stress
REGISTRY Alzheimer's Disorder (PTSD)
Disease Parkinson's
The Brain Health Registry, BHR bisEEEe Other Brain Function
« University of California Related Conditions

* An Online, Longitudinal Platform with 100,000+ members

« () Remote Recruitment « SeltReport Questionnaires

« & Internet-based Screening « Study Partner Reports

« 7 Longitudinal Assessment » Neuropsychological Tests

Facilitating observational studies & clinical Comprehensive assessments for accurate
trials through innovative online methods tracking & insights.




eCohorts and Remote Data Collection| Brain Health Registry

Switch between baseline

—

and follow-up visits

Total numbers of consented
participants and subtotals of
participants who completed

guestionnaires or tests

56%
EverydayCognition
55%

EarlyHistory

53%
edicalHistory

58%

Sleep

56%

c
o BaselineZzEE) 6 Months€E2) 12 Months@ZED 18 Months€E) 24 Months€@E) 30 Months@EZD 36 Months €EED
d
©
é Completion
L Started All Done Questionnaire Completed CogTests Completed
S | dzves dz Yes dz None dz None
D | dzNo dz No dz <10% dz One
© dz10-50% [k B dzTwo
? dz 50-99% dz Three
8 dz ALL -
)
n
Q |dzCompleted dzAlready collected dzScheduled dz Started dz Not In Protocol Refused Unable To Perform
5 | dzTechnical Difficutties - Failed To Collect
43% 2%
-E oQState
© B 4%
O Demographics
57%
E QualityOfLife
N
©
©
o
I
m

Percentage of completed of
—— online questionnaires and
each cognitive test

« Over 18,800 participants were referred to, and nearly 1800 were enrolled in clinical Alzheimer's disease
and aging studies, including five observational studies and seven intervention trials.

AlzheimersDement.2018;14(8):1063.076
Alzheimers Demeni2023;19(11):493581951

[ J 17 ®




eCohorts and Remote Data Collection| Advantages and challenges

Advantages

Large Scale and Breadth

eCohorts transcend geographic limits, enabling
cross-border studies, regional collaboration, and
centralized management.

Low Cost

Online recruitment and data collection reduce
labor and material costs, and extended follow-up
lowers overall expenses.

Long-term Tracking

eCohorts allow extended monitoring of participants’
health and life changes, providing valuable data
for disease and risk factor research.

Challenges

Representativeness

Data may not represent the target population,
affecting validity, especially for disease risk
studies.

Privacy and Ethical Risks

Online studies carry privacy risks, including
potential data misuse or breaches during
recruitment and collection.

Limited Control over Data Collection

Researchers may have little control over data
timing and frequency, causing gaps in biological
or behavioral data.



What alternatives / modern methodologies & Why?

3. Wearable Devices
N—

Traditional cohorts often collected data at
a certain point in time, while dynamic
indicators (e.g. blood glucose and heart
rate) need continuous assessment.
\_"ate) Y,
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Wearable Devices| Overview

a Development of wearable sensors

Commercial First
Research stage wearable Integrated Paper-based  Smartwatches Passive
Graphene-based  glucose wearable wearable for the early perspiration

First wearable  Conductive biosensor monitoring  sensor sensors for detection of biofuel cells
sensor: Holter  fabrics for smart integrated onto system arrays for continuous symptomatic and  for energy-
monitor for textiles for Introduction  tooth enamel (FreeStyle  multiplexed  breath pre-symptomatic  autonomous
cardiac temperature and  of epidermal  for bacteria Libre’ by perspiration  chemistry COVID-19 wearable
monitoring motion sensing’®’  electronics’®  detection’® Abbott) analysis'® monitoring®  (refs.!213) sensors?ss

2018 2019 2020

2012 2014 2015 2016 2017

2011

2002

1999

1962 1982

Wireless heart First commercial reverse Contact lens Integrated Glove-based  Smart face Microneedle  Synthetic
rate monitor from iontophoresis-based sensing  biosensors mouthguard biosensors for mask for biosensors biology-enabled
Polar Electro platform for non-invasive for non-invasive  biosensor for on-site respiration for real-time,  wearable
glucose determination glucose salivary uric acid  detection of monitoring  minimally biosensors’®
(‘GlucoWatch’ by Cygnus) monitoring monitoring?® chemical (‘Spyras’) invasive drug
threats?®’ monitoring**

 Wearable devices provide an alternative pathway to data collection and clinical diagnostics by exploiting
various physical, chemical and biological sensors to mine physiological (biophysical and/or biochemical)
information in real time (preferably, continuously) and in a non-invasive or minimally invasive manner.

Nat Rev Mater2022;7(11):88007
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Wearable Devices| ABCD Study

et [ Open.

 The ABCD study provides
wearable datgFitbit
Wearable Wrist Tracker,
Google LLQ Y OKA f RI
physical activity, sleep,
and heart rates

Original Investigation | Psychiatry
Machine Learning-Based Prediction of Attention-Deficit/Hyperactivity Disorder
and Sleep Problems With Wearable Data in Children

* The Adolescent Brain Cognitive Development (ABCD)
Studyis the largest longerm study of brain development and
child health in the United States.

» This data is used to predict and assess early
signs of attentiordeficit/hyperactivity
disorder(ADHD)andsleep problems

- ¢

Adolescent Brain ‘Gognifive Development - Limitation: Wearable data lacks accuracy,

Teen Brains. Today's Science. Brighter Future.

« The ABCD Researsliance has enrolled 11,880 children aged making the results better suit fazarly
9-10, tracking their biological & behavioral development from detection or screeningather than
adolescence to young adulthood. diagnosingADHD or sleep problems.

JAMA Netw Open2023;6(3):e23350:
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Wearable Devices| Application

LifeVest
4

Used forcontinuous glucose monitoring ”
andactivity tracking /

To explore optimal nutrition for GDM » =
patients and the link between personalized

glucose responses and birth outcomes. i

WEARIJFrancecohort

wrist-worn

accelerometers Go-Pro Westlake Precision Birth Cohort

UK Biobank

Used for monitoringnocturnal

Used for tracking brief bursts of
heart rate changes

vigorous intermittent lifestyle physical
activity (VILPA) in dally life. To predict shorterm cardiovascular

To assess the association between events and prevent adverse

VILPA andhortality rates continuousglucose  Axivity AX3 outcomes with reatime data.
monitoring accelerometer

Nat Med. 2022 Dec;28(12):2522529
iMeta e2: 96 https://doi.org/10.1002/imt2.96
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Advantages

« Real-time data collection

Real-time health monitoring with instant
feedback for proactive prevention and
management.

« Data-Driven Health Insights

Cloud computing and machine learning
offer precise health trends and personalized
recommendations.

« Convenience and Ease of Use

Continuous health monitoring integrated
into daily life, reducing the need for frequent
hospital visits.

Wearable Devices| Advantages and challenges

Challenges

« Technological Maturity

Sensors and sampling technologies, like micro-needles,
are not yet fully developed for long-term monitoring.

« Data Privacy and Management

Managing and securing the vast amount of data
generated poses ongoing challenges.

« Social Acceptance

Trust and usability, especially among older adults or
those without smartphones, remain barriers.

« Health Inequality

Risk of widening health disparities if access to wearable
technology is limited by socioeconomic factors.



What alternatives / modern methodologies & Why?

Integrating diverse data collected in cohort,
such as lifestyle, clinical metrics, multi-omics
and imaging, is challenging due to the lack of
effective methods to analyze thousands of
\variables, often limiting scientific discovery. /

4. Artificial Intelligence

® 24 ®




Artificial Intelligence| ipoP

« The iPOP (Integrated Personal Omics Profiling) study
IS a longitudinal project, profiling around 100 individuals to
establish a foundation for precision medicine through
deep biochemical analysis.

L T
%

Dr. Michael Snyder

It collects multi-omics data, including genomics, e TN E

transcriptomics, proteomics, microbiome, and

metabolomics, along with lifestyle and IPOP \/'x The Jackson
_ _ _ ‘ aboratory

physiological data from wearable devices, to g e e

track health and illness over time.

E Stanford

https://med.stanford.edu/snyderlab/ipop.html

25



Artificial Intelligence| ipoP

E; SAMPLE TYPE METHOD

ANALYSES

Whole Genome
Sequencing

Variant Calling / Phasing

Heteroallelic & Variant
Expression

|

Whole Transcriptome
Sequencing
(mRNA and miRNA)

RNA-Editing

s

0 [

Quantitative Differential
Expression & Dynamics

!

Variant Confirmation in
RNA and Protein

Proteome Profiling
Untargeted Proteome
Profiling

Quantitative Differential
Expression & Dynamics

Quantitative Expression

Targeted Proteome
\ Profiling (Cytokines)

Dynamics

AutoAntibodyome
Profiling

e e e

Differential Reactivity

>

SOINO T¥YNOSH3d d3LVHO31NI

l Serum Metabolome Profiling

Medical / Lab Tests

EN

Glucose, HbA1c, CRP,
Telomere Length

“Personalized medicine is expected to benefit
from combining genomic information with
regular monitoring of physiological states by

multiple high-throughput methods.”

Cohort Description

« Participants: 106 individuals (55 females, 51 males)

« Age Range: 25 to 75 years

* Follow-up: Long-term, with quarterly sample collection
Sample Collection

« Types of Samples: Blood, stool, skin, oral, and nasal
Omics Analyses

« Genomics, transcriptomics, proteomics, methylomics,
metabolomics, cytokines, microbiome

Data Collected

» Lifestyle Factors: Diet, stress, activity levels, personal and
family medical history

« Wearable Devices: Physiological and activity data

Cell.2012;148(6):129307
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Artificial Intelligence| ipoP

» Objective: This study aims to understand the « Use of Machine Learning:
early stages of type 2 diabetes (T2D), its impact on Logistic Regressio Support Vector Machine
biological processes, and the transition to clinical T2D

through multi-omic profiling of healthy and prediabetic . Classification Models: Used to differentiate
individuals, revealing early molecular signatures. between various stress events

ll. Key Feature Selection: Identified key predictive
features to distinguish stress from healthy states.

 Data Collection:

Proteins
302

lll. Data Processing and Validation: Employed

p
Taxonomy

X asms, Nares o> scikit-learn for model implementation, using L1

Metabolit i
etabolites Predicted genesN

122 . 6909 | regularization and cross-validation for optimization.
Genomic data " Taxonomy ) ) )
106 genomes 2274 * Findings: Overall, this study reveals the

. PBMC Stool - . -
Transcrlgts Predicted genes : :
13,37 6909 complex multi-omic landscape of healthy
Simoal tosts Serum|  CvtOkines individuals and those with insulin resistance under
o stress, providing new insights into the early
Wearables .

+ Skin and tongue swabs molecular mechanisms of T2D.
+ Urine

Nature.2019;569(7758):66871
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Artificial Intelligence| Advantages and challenges

Advantages

e Powerful Research Tools

Analyze large datasets, identify patterns,
generate hypotheses, automate repetitive tasks,
and assist with literature

« Personalized Medicine

Al enables the development of personalized

treatment plans based on individual patient data.

« Predictive Analytics

Al can analyze vast amounts of data to predict
disease onset and progression, leading to early
Intervention.

Challenges

« Technical and Implementation Issues

High costs and technical constraints hinder
data collection and Al deployment.

« Management and Security Difficulties

Managing and securing the vast amount of
data generated poses ongoing challenges.

« Trust and Explainability

Al systems often function as “black boxes,”
complicating understanding of their decision-
making.




What alternatives / modern methodologies & Why?

5. A Brief Introduction of the Jiangsu Birth Cohort Study
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Significance of Birth Cohort

« Developmental Origins of Health and Disease (DOHaD(
* Increasing evidence on the long-lasting effects of preconceptional exposures

« Birth cohort is the “natural experiments” to test the DOHaD theory

e §' 51 Ha

Organogenesis

Gametogenesis Early development and foetal growth Post-natal period Adulthood and ageing
individual's
Epigenetic reprogramming S e Self
\Writing the gametic  Erasure of the gametic  Writing the epigenome in each cell type duning organ/cell differentiation gnvironment
epgenome Identity for the aquisition of a specific expression profile and cell identity
/ f f f
n‘.atE'r.air':laterr.al maternal matarnal matemalpatemnal
environmeant enveronment environment environmeant

Nature.2014;507(7490):22
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Map of the location of birth cohorts

World Bank Classification Type of cohort Initial cahort sample
e r ™\ 7
High income

Precanception cohort

Upper middle income

. Prenatal cohort %
. Lower middle income
. Birth cohort
| Low income

v
Y N - |\ 400

09999999 ¢9
1&99999999

2,000 3,000 5000 10,000 20,000 100,000 500,000 1,000,000

S

Map of the location of world preconception, prenatal, and birth cohorts
Neoreviews. 2018 19(6): e313-e321
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Wide Use of Assisted Reproductive Technology

12000007 Hl ART cycle
[ Pregnancy cycle
1000000 - B Livebirth

* The first test-tube baby was born in the UK in 1978,
in China in 1988

800000 -
(00000 —
 More than 10 million ART births worldwide

400000

200000 4

Number of ART cycles, pregnancies,
and livebirths

* Three of per 100 babies are born after ART in China

0
2009 2010 2011 2012 2013 2014 2015 2016 2017
Paternal origin

Maternal origin Potential adverse exposure in the implementation of ART

Infertility

Micromanipulation Luteum support

SR NEiTONEE Chemical reagent Extra prenatal testing

factors

>

Gamete information
Epigenetic modification

I

Promote ovulation Newborn Long-term

The short- and long-term health of children born via ART warrants comprehensive evaluation. ECienceggllj
ature.
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The Jiangsu Birth Cohort

36,000 families Trios design >80% follow-up rate
ARTCOUp|ES Pre Early Mid- Late- Birth 42 day 6mMm 1vear- 3 7
NCcouples " pregnancy  pregnancy  pregnancy” pregnancy. "' T after birth _ after birth ~ — YT Syears= fyears==
Billions of information Millions of bio-samples 10 thousand family-based

molecular profiles

Environmental g -

exposure | m Blood cells E:) senome
Urine Fa ) ™~ Transcriptome
Life—styles » Follicular fluid » ‘;’/f';‘; \ Proteome
Sperm SIRRIS Metabolome
Clinical data Seminal plasma K
Stool \ | \.‘ /
Phenotypes

30Pbmulti-omics data

Supporting research on reproductive and offspring health




The Jiangsu Birth Cohort

Couples plan to receive
IVF or ICSI

%@H

Face-to-face follow-up

through the treatment procedure

Oocyte Confirmed
pick-up » pregnancy

Obstetrics Department

znﬂ
trimester
22-26 GW

Couples with spontaneous Face-to-face follow-up

42d after 6m after
birth birth

7

Telephone follow-up

Child Healthcare Department

&

3y after
birth

Face-to-face follow-up

Obstetrics Department
pregnancies
o

[ 4
—_ H 1%t trimester
=7 8-14 GW

Face-to-face follow-up

Clinical information

@ Questionnaires HBiofsamples

NThe overar chi

ndg

goal s

o f

t he

health and wellbeing among children conceived using ART as

compared with those who were conceived spontaneously, and to
clarify whether the elevated risks are attributable to parental

characteristics related to infertility or to ART procedures, taking into

consideration ARTelated parental characteristics.

Int J Epidemiol2023

J

Imtevmational Journal of Epideminlogy, 2123, 00, =10
hipsidoiony/| L 1081 feidyadias
Cohort Profile

[EA®

Imternatsanal Epsdemislogical Ameczation

OXFORD

Cohort Profile
Cohort Profile: The Jiangsu Birth Cohort

Jiangbo Du,™" Yuan Lin,*" Yankai Xia (0 ,"*" Hongxia Ma (3 ,»>" Yanggian Jiang,* Chuncheng Lu (i ,'*
Wei Wu (@ ,"# Minjian Chen,"* Yang Zhao,® Juncheng Dai,"? Guangfu Jin,"? Jiayin Liu,? Jiahao Sha,’
Hongbing Shen (& " and Zhibin Hu (@ "**; China Mational Birth Cohort [CNBC) Study Group

"State Key Labarztory of Regroductive Medicine and Offspring Health, Nanjing Medical University, Manjing, China, "Department of
Epidemistagy and Biostatistics, Schodl of Public Heasith, Marging Medical University, Nanjing, China, *Depanment of Maternal, Child and
Adolescent Health, Center for Global Health, School of Public Health, Nanjing Medical Univessity, Nanjing, China, 'lu'; Labaratary of
Madern Toxicology of Minisiry of Education, School of Public Health, Nanjing Medical University, Nanjing, China and *Depaniment of
Biostatistics, School of Public Health, Nanjing Medical University, Menjing, China

*Corresponding author. Masjing Mesical University, 101 Longmian Avenue, Manjing 21118, China. E-mait: zhibin_hu@njmeedu cn

*Egual conbributions.

The members of the collaborative group of the China National Birth Cobert are sted in the Acknowledgements section.

Key Features

- The Jiangsu Birth Cahart {UBC} is a farriby-based prospective cohoet in Sengsu Pravince, China, consisting af farmilies recaiving asssted
repraductive techralogy {ART) treatment or families with spantanecus pregnandies. The study aimed to invessigata the differences
betwaen the twa groups of parlicipants regarding beth short and langebarm heakh ouscomes in women and their oéfsgring.

* The cohort recruited couples who planned ta recesve ART trsatment at ART diinics, and caollected data on the ART procedures and
outcomas. Spontansously conceiving couples wene recruited during esrly pregnancy [B=14 weeks of gestation) at abstetrics dinics.
Theraaftes, ART pragnancies and spartaneous pregnandes ware folkewed throughout the whole gestation with the ssme protocal.
After childbirth, 2l children were followed until up to 3 years of age.

= Data on health were aoliected through standardized and structured questionnaires and medical recards, sogether with biospecimens
from bath parents and their children. The cohort thus provided 2 valuable resource for the research on parental and child health
assacisted with ART pregnances.

= Between Apnl 2014 and June 2022, the JBC has recruited 7618 ART treated famiies and 14 236 families of spontaneaus completed or
angeing pregrancies. For the families enrclled uvp 1o 30 June 2020 {5057 ART families and 12 793 spontaneous conception families), we
have completed dasa from their entry throughous their fertility care for ART families), pregnancy, birth and 1 year after childbirth when
child healith was evaluated by the health examination.
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Why was the cohort set up?

Following the success of the first test-tube baby in the UK in
1978, the use of assisted reproductive technology for infertil-
ity treatment has mereased steadily and resulted m more than
9 million children born after asisted reproductive technobogy
(ART) worldwide.' In Chma, approxamately 15-25% of
couples suffer infernlity.” Consequently, ART has become a
standard and common practsce in reproductive medicine clin-
ics, and more than 1.6% of children in China are conceived
through ART.* Meanwhile, concerns are mounting over the
safety of ART and its short- and long-term health impacts an

maternal and fetal wellbeing., Emergmg data from some,
though not all, studies suggest that compared with sponeane-
ous pregnancies, offsprmg conceived through ART are prone
o adverse perinatal outcomes such as preterm birth, low
Iunlwnﬂ;h(, small sime for gestational age and perinatal
death ™™ Further, offspring conceived through ART were
reported to have an elevated nisk of mulaple diseases such as
congenital heart defect, impamed vascular function, meta-
bolic syndromes and cancer. ™" Whether the elevated risks
are atiributable to parental characteristics related o infertl-
sty or to ART procedures warrants eluadation.

Recaived: 29 November 2022, Edimaal Desson: 14 Seprember 2023 Asceprod: 26 Sepramber 2023
2 The Aurban|s) 2023; sll rghts reserved. Pablished by Onadoed Usaversty Press on bebualf of the biesmanional Egedensologacal Assocuatan
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‘omics’ Studies in the Jiangsu Birth Cohort

a metabolome atlas across gestation in human

Folowup | ~

(- . - Construction of a comprehensive
I NC: 2,271; ART: 980 NC: 2,328; ART:916 NC: 2,292; ART: 800 NC: 2,348; ART: 991 view of the metabolome

Participants: 2,348 GW: 6-14 GW: 4-6 GW: 15-27 GW: 28-40 . .

E[E) = i ETE EVE trajectories throughout pregnancy
-/ _/ -

« Gain insights on how maternal

Plasma

1. Demographic data = 1. Physical examination 1 1 1
e L =) 2 vouyeumponens 1 s e metabolomic signatures influence
. oy ‘ || > Treananey complications maternal and child health outcomes

Untargeted metabolomics

— (==, Samples: 2,796
[-_/ \ Birth outcomes /
o J

— | — u i L DHEA-S
« The metabolic variation during pregnancy is largely g;,lmb- il ‘_"_‘m ) TW°"‘9"
consistent between natural and ART pregnancies. IF ! £ 3 \
« Prednisone use in ART women in early pregnancy "Zqﬁo . L N
alters the metabolism of steroid hormones, and the ’ G Rieeem e e
impact persists across the whole pregnancy o’ rregmeone £ K

weeks ) ' weeks
Unpublished data
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Artificial Intelligence & Prediction Model

Development of a neural network model for gestational week prediction

Feature Selection Model Training

Training set (n=4.414) Training set (n=4.414) validation s::((nn;zz.;;g} EraliEE
¥
| Preprocessing | — Extract optimal metabolite Extract optimal metabolite
combinations combinations.
y generate population
containing 50 panels {n=5, 10, 20, | Preprocessing | | Preprocessing |
or 40 metabolites in each panel | &
| Split 5-fold cross validation sets — Tuned Al models
Update ‘ ¢
[ fon with | Hyperparameters tuning | | Predicted gestational weeks |
selection, Evaluate filness|
crossover and ‘
mutation Calculate goodness of fit with Evaluation with r. R* and RMSE
Yes|
Update neural network weights
estriol 3—sulfate | 2.095 Feature value
4-cholesten—-3-one { 2.060 = . )
carnitine 1 0.723 £ High
3beta-hydroxy-5-cholestencate | 0.613
PE(36:3)1 0.421
pro-hydroxy—-pro{ 0.418
cortiscne { 0.365
N-acetylhistidine { 0.349
Sa-androstan=3a, 17B-diol monosulfate 1 0.345
pregnanolone/allopregnanclone sulfate { 0.340
cholesterol { 0.305
PE(34:1)10.302
pregnanediol-3-glucuronide { 0.300
PE(36:2){ 0.248
1-methylnicotinamide 1 0.221
4-hydroxyglutamate { 0.198
3,5-dichloro-2,6-dihydroxybenzoic acid { 0.193
PC(34:2)1{0.189
nicotinamide riboside 1 0.134
SM(34:2){0.125 Low

SHAP value

Predicted gestational week
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A model of 20 metabolic small molecules, including estriol-3-sulfate, corticosterone and carnitine, can predict gestational
age with superior precision, including those conceived after ART and those with pregnancy complications.

Unpublished data
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‘Multi-Omics’- Genetics integrated with Metabolomics

1,064 independent variant-metabolite associations for ~SX Whole I Multi-timepoint Untargeted Metabolomics
401 maternal metabolites Sequencing (Y
\\\
» 36 pregnancy-specific associations 1,525 NC women m ” '
. . . .. o 817 ART women '
> Certaln Varlant'metabO“te aSSOCIatIOHS Were SpeCIfIC tO Trimester | Trimester |l Trimester lll Birth
NC or ART population, partially attributable to different
physical conditions or clinical interventions . . . o -
Constructing the first genomic altas Identifying pregnancy-specific mQTL
associated with metabolic traits
during pregnancy
Pregnant VS f Non-pregnant
Ny ‘ ‘ population population
sl Uncovering genetic variants that
i H 1 1 regulate the dynamics of
These findings comprehend the genetic regulation B o ey i et
. . . . Detecting heterogeneous mQTL
of pregnancy metabolism and pinpoint metabolites between NC and ART pregnant women 4 s e VRS
- - - - § @ MTrimesier L] /MT rrrrr ter |
an d g en eS p | ayl n g C r Itl Cal ro I es I n p reg n an Cy’ NC pregnant VS ART pregnant g v g I\M/ITrimes(el mﬁmﬁmsmru
offering insights on future strategies in Homen Homen Gestational week
personalized prenatal care.

Unpublished data
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Wearable Devices| Continuous glucose monitoring in pregnant women

« ART women are susceptible to
abnormal glucose during pregnancy

. wRERR -
Advanced Overwelght 201BEHZS$O1S$3H1OB (14% ) fhip s w
age O s At ma®ES 6.5% 8 48 mmol/mol
obese
R FEREKLED 326 ++
‘ , — BEEEHE 7.8 mow. ™=
‘T% BT HREMSE 46 AR BiERMERE
. 4 e . = SRmL 39.3 wiw=
Metabolic - sl — 7 vamar
suotMmsotESaN
disorder Exogenous ' samax 39.3 sen
EMEMmyNeE
_____ hormone _ _ — ERERR 4 2 i [ ¥ o
TP 203 &% P i .
Abnorma| T HEBLANA
ART women Glucose o TR S
—+ EERMERENE 97 ’
& AEan 4 0%

Continuous glucose monitoring to clarify the influence of glucose trajectory on pregnancy
outcomes, and to determine the optimal plasma glucose level for ART women.




Summary

Omics and Multi-Omics— Interpret Mechanism

eCohorts and Remote Data Collection— Enlarge Scale and Breadth

Wearable Devices— Monitor Real-time Health

Artificial Intelligence— Analyze Complex Data

Conception innovation, scientific and technology improvement and infrastructure

supporting will further promote alternatives and modern methodologies in cohort studies
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The JBC research team
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