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Harnessing the power of proteogenomics in 
biobanks to advance precision health



All-cause mortality at ages 35-69
UK

Source: WHO mortality & 
UN population estimates

USA CHINA

Main COVID deaths in China took place during 12/2022-02/2023



Lung cancer mortality at ages 35-69

Source: WHO mortality & 
UN population estimates

UK USA

Driven entirely by changes in cigarette consumption



Rapidly falling stroke mortality in UK/USA: not fully explained

Source: WHO mortality & 
UN population estimates

UK USA

China: >2M stroke deaths/year, with large regional variations 



Large, unexplained cancer mortality variation
Oesophagus cancer                        Nasopharynx cancer

Females only, so little effect of tobacco or alcohol 
(Red = high mortality >10x Green = low mortality)



Aetiology of complex human diseases

Complex interplays of “nature” & “nurture”, which may differ between populations
Need prospective cohort studies in diverse populations



Need new evidence base to advance precision health

• Better understanding of human biology and 
disease aetiology 

• Improved disease prediction, detection and 
diagnosis 

• Identification of new or repurposing drug targets

• Reliable patient stratification for more targeted 
management

Proteomics will play a key role in empowering such development 



Schrodinger’s 1944 monograph “What is life” 
predicted the importance of proteome as a key link 
between hereditary mechanism, growth and disease.

Human Proteome and Health

Integrated proteogenomic analyses will be transformative, facilitated by new technology



K Suhre, et al. Nature Review (2021)

OLINK 
Explore

SomaScan

“Gold” 
standard

From proteins to proteome

Carrasco-Zanini J. et al. Curr Diab Rep. 2020



Application of proteomics in population studies



Overview of proteomics in population biobanks

Olink Explore HT: ~5400 proteins; SomaScan v5: ~10,000 proteins



Characteristics of proteomics assays in biobanks

CKB is in the process of securing funding to scale up to 50-100K participants 



Large
>512,000 men and women aged 35-74 years recruited in 
2004-08 from 10 diverse areas across China

Deep
Extensive information on social, lifestyle, environmental, 
clinical measurements and biological factors, along with 
reliable disease characterisation and sub-phenotyping

Long
Sufficient duration of follow-up for large numbers of fatal 
and non-fatal health outcomes to have occurred

Accessible
Data are released periodically to the research community

China Kadoorie Biobank (CKB)
A unique combination of scale, breadth and depth

Study website: www.ckbiobank.org



CKB: A uniquely rich and high quality resource
 Population diversity: 10 areas, with good representativeness

 High data quality: no missing values, no logic errors

 Complete sample collection: 99.98%, with no loss, damage or thaw

 Complete follow-up: <1% lost to follow up since baseline survey

 Medical record linkages: ~100K deaths and >3.5 million ICD-10 coded 
episodes of hospitalisation for >5000 different disease types

 Well phenotyped diseases: e.g. ~95% stroke cases confirmed by brain 
imaging, with detailed adjudications for several major diseases

 Three repeat assessments: >80% responded, with new enhancements



CKB: Scope of research activities and achievements

~600 papers Risk exposures Health outcomes

>100 papers led by external collaborators and open access researchers 



CKB: LDL-cholesterol and risk of stroke types

1.5 2.0 2.5 3.0 3.5

0.75

1.0

1.25

1.50

R
at

e 
ra

tio
 (9

5%
 C

I)

Usual LDL cholesterol, m

 
 

 

   

Ischaemic stroke 
(N=5475)

 
 

 

   ol/L
1.5 2.0 2.5 3.0 3.5

0.75

1.0

1.25

1.50

R
at

e 
ra

tio
 (9

5%
 C

I)

Usual LDL cholesterol, m

Haemorrhagic stroke
(N=4776)

Sun LL, et al Nature Med 2019



CKB: HDL-cholesterol, CETP and risk of CVD
HDL-C vs IS 

(CKB) 
HDL-C vs IHD 

(PSC) 

Consistent with trials showing no net effects of HDL-C raising

CETP PheWAS: Relation of CETP genetic defect 
(rs2303790) with CVD and other diseases

Vascular disease - No effect
(CETP defect vs not: RR=1.0 (0.9-1.1)

Eye disease - possible side effect
(CETP defect vs not: RR=1.45 (1.13-1.80)



CKB: Proteomics Pilot Project
Proteomic assays
 ~3000 Olink & >7000 SomaScan proteins measured
 4000 participants (2000 IHD & 2000 sub-cohort)

Key research areas (>30 active projects)
 Genetic architecture of proteins in diverse populations 
 Drug target discovery (eg, IHD, DM, stroke, HF)
 Risk prediction & early diagnosis (eg, IHD, DM)
 Mechanisms linking exposure (eg, BMI, smoking) to 

specific diseases
 Biological aging clocks, frailty and multi-morbidity 
 Comparative study of Olink-SomaScan platforms

Organisation of annual symposium on “Human Proteome and Health”



CKB: >15 recently completed proteomics projects
Eur J Epidemiol 2023

JACC 2023

Nature Commun 2024 (accepted)
Diabetes Care 2024

Nature Med 2024
Nature Genetics (under revision)

Commun Biology 2024

Eur J Epidemiol 2024



CKB: Key proteomics-related research findings
 Levels of plasma proteins affected by genetic, non-genetic, as well as 

environmental factors

 Proteins greatly outperformed PGS for prediction of many diseases

 In CKB, ~50% of pQTLs signals are distinct from those in Europeans

 Genetic (MR, colocalisation) analyses helped establish causality and 
identify potential drug targets for IHD, stroke, T2D, HF and obesity

 Protein-based ageing clocks reliably predicted age-related traits and 
risks of multiple diseases and all-cause mortality

 Complementarity of the two affinity-based assay platforms

Using conventional, genetic, ML and downstream analyses, with 
replication and/or combined analyses in UKB and other studies 



CKB: Exposome profiles of Olink and SomaScan proteins 
a) Olink

b) SomaScan

Source: Chan, K et al doi: https://doi.org/10.1101/2024.10.24.24316041 (pre-print) Iona, A et al doi: https://doi.org/10.1101/2024.10.23.24315975 (pre-print)



CKB: Selected exposome characteristics by panel

Source: Chan, K et al doi: https://doi.org/10.1101/2024.10.24.24316041 (pre-print) Iona, A et al doi: https://doi.org/10.1101/2024.10.23.24315975 (pre-print)



CKB: Adiposity and protein levels, Olink panel

Iona A, Yao P, et al. Commun Biol 2024; 1327



CKB: Selected functions of top BMI-related proteins

P Yao, et al. Eur J Epidemiol 2023



a) Diabetes incidence (n=33) b) Diabetes prevalence (n=1228) c) Blood glucose (n=614)

CKB: Olink proteins significantly associated with T2DM

With great overlap of 33 proteins across three outcome measures 



CKB: Discovery of novel drug targets for T2D



CKB: Proteomics improve risk prediction of all-cause mortality
(analyses restricted to 2000 subcohort participants)

Bennett D, et al. Nat Ageing (under review) 



CKB: Proteomics improve risk prediction of IHD

For Olink proteins, the associations were externally replicated in the UKB

Mazidi M, et al. Eur J Epidemiol 2024



CKB: Discovery of drug targets for IHD, Olink panel  

Mazidi M, et al. JACC 2023



CKB: Assessing causal associations of proteins with IHD 

Manuscript under preparation 



CKB: Distinct pQTLs identified in East Asians



UKB / CKB：Protein-based biological ageing clock
2) Proteomics ageing clocks

3) ProtAgeGap distributions

ProtAgeGap can predict >20 age-related traits (eg, bone density, renal function, telomere length) 

1) Main analytic approaches

Nature Med 2024



Protein ageing clock can predict multiple disease risks
a) UKB

b) CKB



 Improve understanding of human biology and disease aetiology

 Identify novel pathways representing potential drug targets

 Enhance risk prediction and early diagnosis of diseases

 Reveal mechanisms linking lifestyles and traits with diseases

 Clarify molecular basis of genetic variants associated with disease

 Improve patient stratification, incl. drug response prediction, for 
more targeted management

Promises of proteomic profiling in biobanks
(in combination with genetic and other phenotypic data)

KEY NEEDS: Turn samples into data



CKB Research Partners and Funders
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