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Biological Age Biomarkers
To quantify the age-related decline



‘Clocks’
The rationale for training (omics) age-predictors 



Aim
Training and evaluating a Nightingale metabolomics age-predictor

Nightingale Health blood metabolomics
❏ Highly standardized
❏ Affordable
❏ 226 metabolites
❏ Soft cardiovascular focus
❏ Known age-related dynamics



Study Population after Quality Control
BBMRI: 25 453 samples from 26 biobanks



Training and evaluating the age-predictor
5 cross-fold validation

     predicted age  = β0 + β1m1 + β2m2 + … + β56 m56 + ε



Training the age-predictor
Contributing metabolites

  Note: metabolites are scaled and centered before modelling!



Training and evaluating the age-predictor
Leave-One-Biobank-Out Cross Validation



Construction of the metaboAge Score
The age-independent part of the age-predictor

Δage = predicted age - chronological age

Regress out chronological age:
metaboAge = resid(lm(Δage ~ chron. age))



Evaluating the metaboAge Score
Tracking Age-Related Disease

HEALTHY AT RISK OF
DISEASE

CURRENT
DISEASE

DEATH

BMI
Blood Pressure
Cholesterol
...

Metabolic Syndrome
Diabetes

RISK FACTORS DISEASE DECLINE

All-cause Mortality
heart failure 
hospitalization



Associations with Clinical Risk Factors
Body Mass Index

     Δage  = β0 + β1 BMI + β2 chronological age + β3 gender + ε

Significant associations
BMI
hsCRP
Total Cholesterol
HDL Cholesterol
Triglycerides
Anti-hypertensive medication

No association
SBP
DBP
Lipid lowering medication
Gender 
Smokingpmeta = 2.6 x 10-33



Associations with Current Clinical Endpoints
Diabetes Mellitus Status

     Δage  = β0 + β1 diab status + β2 chronological age + β3 gender + β4 BMI + ε

pmeta = 6.5 x 10-12

Significant associations
T2D
Metabolic Syndrome



Associations with Future Clinical Endpoints
Mortality / Cardiovascular events

Cox proportional hazards model:
Effect independent of BMI, 
smoking, diabetes and 
hypertension and medication

     FUT  = β0 + β1 Δage + β2 chronological age + β3 gender + ε

HR = 1.25
CI 95% 
[1.14-1.37]
p = 2.4 x 10 -6

PROSPER - INCIDENT CARDIOVASCULAR EVENTSLEIDEN LONGEVITY STUDY - MORTALITY



Conclusions
Summary of main findings 

● Nightingale Health blood metabolomics predicts age reasonably (r = 0.65)

○ Comparable with transcriptomics & metabolomics clocks

○ Worse than epigenetics clocks (r > 0.9). Does this matter?

● MetaboAge shows promise as an biomarker

○ MetaboAge associates significantly with clinical risk factors

○ MetaboAge associates significantly with current clinical end points

○ MetaboAge associates significantly with future clinical end points

● MetaboAge is:

○ Highly standardized

○ Affordable

○ Easy to implement



Discussion
Other clocks 

Small correlation with 
Horvath’s methylation clock

Small correlation with 
Deelen’s mortality predictor

What outcomes do the clocks predict? 
What do they predict independently?



Discussion
Metabolomics as a read-out of intervention success

1 2 3 4Timepoint [t]

Adipose

Blood RNAseq; Metabolomics; Classical Parameters

Muscle RNAseq; Muscle Parameters [in progress]

Etc ... DEXA; Genetics; FFQ; Accelerometer; ...

INTERVENTION

PRE- POST-

12.5% less intake
12.5% more excercise

164 middle-aged
undergoing a 13-week
lifestyle intervention

IN SHORT: NUMBERS

Fatih Boogards

MetaboAge is not affected by the intervention
Yet the intervention can be captured by metabolomics predictors



Outlook & related work
Clock-like approaches: other surrogate markers

Application 1: Imputation

Application 2: Risk prediction

ΔDiabetes, ΔObesity, …

Daniele Bizzarri

Other risk factors might be readily predicted ...
… And transformed in discrepancy-based predictors



Outlook & related work
Clock-like approaches: what platform captures relevant signal?

Cathelijn Kuijt Dennis Mook

Some platforms are more predictive for cardio-metabolic variables



Availability
Manuscript & tools

Jurriaan Barkey Wolf

R-shiny application is coming to compute metaboAge and other scores!

Daniele Bizzarri
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