
Biological Age Estimation

Using Circulating Blood Biomarkers to Measure Longevity and 

Physiological Deterioration



Why it matters: Accurately measuring biological age allows us to validate anti-aging interventions and predict health 

outcomes before diseases manifest.

Chronological Age
The simple measure of time passed since birth. 

While easy to track, it fails to account for individual 

variations in physical health, genetics, and lifestyle 

factors.

Biological Age
Reflects the true "wear and tear" on the body. It is a 

superior predictor of disease risk and mortality, but 

measuring it accurately requires complex 

biomarker analysis.

Aging: Chronological vs. Biological



Goal & Significance

This research aims to develop a more practical, 

cost-effective method for estimating biological age using 

blood-based clinical biomarkers.

• Uses machine learning to analyze standard blood tests.

• Designed for scalability in general populations.

• Aims for higher accuracy than existing industry 

benchmarks.

The "Communications Biology" Study



The study utilized one of the world's most comprehensive medical datasets, covering 

individuals aged 38 to 73 across diverse geographic regions.

306,116
Total Participants (UK Biobank)

57
Blood Biomarkers 

Analyzed

A Massive Data Foundation



Geographic Split

Training data from England and 

Wales; testing data from a 

separate population in Scotland 

to ensure robustness.

Biomarker Selection

From 57 initial markers, the 

model refined the selection to 

25 key "stable" biomarkers for 

mortality prediction.

Independent Testing

Validation on unseen data 

ensures the model generalizes 

well across different regions and 

populations.

Rigorous Validation Strategy



Full ENC Model
Elastic-Net derived Cox proportional-hazards 

model. This linear approach was the primary tool 

for predicting mortality risk through biological age.

RSF Comparison
Random Survival Forest model was used to test for 

non-linear interactions. Results showed linear 

models were equally effective, simplifying 

implementation.

Advanced Machine Learning Models



The Full ENC model achieved an 11% relative increase in predictive value over the industry-standard PhenoAge model 

(measured by C-Index).

Superior Predictive Accuracy



Complexity Not Required

Despite the rise of complex non-linear AI, the study found 

that the Cox model (Linear) performed similarly to the 

Random Survival Forest (Non-linear).

Conclusion: Complex biomarker interactions are not 

necessary to achieve maximum predictive accuracy in 

biological aging, making clinical adoption easier.

The Power of Linear Modeling



Healthy Individuals

The model accurately identifies 

accelerated aging even in those 

with no current diagnosed 

illnesses.

Chronic Illness

Maintains predictive uplift for 

"Sick" individuals reporting 

long-standing illness or 

disability.

Universal Signal

Proves that blood markers 

contain a powerful aging signal 

that persists regardless of 

pre-existing conditions.

Reliability Across Health Status



A key breakthrough of the study is the ability to use smaller clinical panels without losing accuracy.

Panel Type Number of Markers Accuracy (C-Index) Feasibility

Full Research Panel 57 Markers 0.778 High Cost

Refined ENC Panel 25 Markers 0.778 Optimized

Clinical Assay + Imputation Reduced Panel ~0.774 Very High

Using k-Nearest Neighbor (k-NN) data imputation allows for high accuracy even with common, affordable blood tests.

Practicality & Clinical Scalability



Measuring the Delta

Biological age varies widely—ranging from 20 years 

younger to 20 years older than chronological age.

Standard blood markers contain powerful, measurable 

aging signals that provide a window into an individual's 

mortality risk.

This method establishes a "same-sex population 

equivalent age," making longevity science actionable for 

the general population.

The Spectrum of 
Aging



Questions?
Towards a New Standard in Personalized Longevity

Study Source: Communications Biology

Model: Elastic-Net derived Cox Proportional-Hazards
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