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Importance of T2D and CVD in Asia

• T2D and CVD are leading GLOBAL challenges

− 422M people with T2D in 2016 

− 17.5M deaths from CVD in 2012 (31% of total mortality)

• Burden of T2D and CVD highest in Asia

− Risk: T2D x3-4 and CVD x2-4 compared to Europeans

− T2D Burden: 159M in Western Pacific, 85M in SEA

− Singapore: 13.7% [606K]

− Early onset  high morbidity and costs
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DIAGRAM+
12,171 T2D cases and 56,862 controls; replication 
in >100K people

>60 genetic 

loci for T2D



South / South-East Asian samples

HapMap samples

• 90 Europeans (Utah)

• 90 East Asians (CHB / JPT)

• 90 Yorubans (Africa)



Epigenomics and the life course



DNA methylation at the TXNIP locus



DNA methylation identifies
metabolically unhealthy adiposity



Multiple molecular markers for prediction of T2D



Extend / replicate 

molecular markers 

for prediction of T2D 

in South/East Asians
N=1,000

Screen obese 

normoglycaemic

M&F 30-65yrs

Develop and validate 

molecular risk score 

for prediction of T2D
N=2,000

Identify 1,000 at 

highest risk of 

T2D (>10%pa)

3 year follow-up for 

Incident T2D (N=450 events)

Intervention 

(N=500) 

Usual care

N=500



Questionnaire
Measurements

Samples

Biomarkers of 
exposure 

Intermediate 
biomarkers of 
early effects

Disease

Follow-up over time

DESIGN of Prospective Cohort Study

Follow-up 
Assessments and data  linkage

Baseline 
Assessment 



Advantages of Prospective Cohort Studies

• Risk factors and biomarkers can be measured before the 

disease develops (helping to avoid “reverse causality”) 

• The only suitable design for identification of non-genetic 

biomarkers for future health trajectories

• Associations can be assessed with a range of diseases

• Appropriate controls can be selected from within the same 

population as the disease cases

• Consistent high quality phenotyping: enhances risk 

relationships: favourable for systems biology



500,000 participants recruited in 3.5 years 

(£62M = SG$230 per participant)

• 9M invites generated from NHS register
• 22 assessment centres in rented office space



Death registries Cancer registries

Hospital records
Primary care data

Pharmacy records

Pathology records

Screening programmes

Environmental data

Employment records

Built environment

Record linkage 
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Large numbers bring PRECISION:

Ischaemic heart disease vs. Systolic BP

Usual SBP (mmHg)



Genotyping Array Content Summary
(Plus imputation using reference sequence data ~ 70M 

variants)



Large numbers bring DISCOVERY

• T2D

−2007: FTO paper 5K people N=1 SNP 

−2010: Diagram v2 69K people N=12 SNPs

−2012: Diagram v3 149K people N=10 SNPs

−2018: Diagram v4 880K people >>100 SNPs

• Previous GWAS identify only common variants with small 
effects

large scale GWAS now identifies a good number of 
novel, rare variants with big effect



UK Biobank - fertile discovery pipeline



DISCOVERY and PRECISION
Genetic risk scores predict risk of CVD



South / South-East Asian samples

HapMap samples

• 90 Europeans (Utah)

• 90 East Asians (CHB / JPT)

• 90 Yorubans (Africa)



Singapore National Precision 
Medicine Project





UKB 500k

EPIC 500k

Lifelines NL 
150k

Million Vets 1M

Precision Medicine 
Initiative 1M

Kadoorie study 
500k

Biobank Japan 
200k

Korea
500k

International cohort studies >100K 
German National 
cohort 200k

South & South 
East Asia

2.3 billion people
30.2% of world 



The need for a Regional Biobank

• Investigate a wide spectrum of phenotypes and diseases 

important to Asia 

• Generate accurate estimates of incidence and risk relationships

• Discovery of population specific biomarkers and pathways

• Innovation and improved healthcare



Conclusions

• Population science is a powerful approach to 

identification of new biomarkers and new pathways

• Multiple molecular markers for T2D & CVD: these look 

strong candidates for translation to clinical benefit?

• High dimensional complex ‘omic data in large, well 

characterised population cohorts are a rich source for 

‘unsupervised’ biological discovery. 



Thank you



CHD mortality in the UK 1969-2015

~50% reduction in 

CHD also seen in 

UK Asians



CHD treatment -42%

AMI treatment -8%

Secondary prevention -11%

Heart failure -12%

CABG/PCI -4%

Risk factors worse +13%

Obesity +3.5%

Diabetes +4.8%

Less physical activity +4.4%

Primary prevention -58%

Smoking -40%

Cholesterol -9%

Blood pressure -9%

68,230 fewer 

deaths in 2000
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