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What is a Biomarker?
Any characteristic that serves as an indicator of a biological function, state 
of health, or metric reflecting a health-related process.

• Monitoring
• Treatment Response
• Prognosis

• Diagnosis
• Disease/Risk Prediction
• Safety

Uses:



What Makes a Great Biomarker?

An ideal biomarker maximizes benefits, clarifies how individuals and 
healthcare teams should proceed, is easy to measure and track, and 
responds to specific interventions

• Explainable
• Feasible
• Minimally Invasive

• Predictive
• Actionable
• Responsive



Biomarkers are Necessary for the Allocation of 
Attention and Resources at the System Level

Standardization of 
Disease Measures for 

Population Health 
Studies

Government’s 
Incentives to Contain 
US Healthcare Costs

Payer Incentives to 
Mitigate Costly Short 
Term Outcomes by 

Normalizing Biomarkers



Biomarkers Can Inform Variability in 
Response to Training or Treatment

Ross R, et al. Br J Sports Med 2019
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Major Causes 

of Disability, 

Mortality
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Biomarkers

1.Influenza/pneumonia 
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3.Diarrhea/enteritis

(1900)

Health 

Challenges

Nutrient 

deficiencies

Infectious 
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•ABO Blood typing

•Blood test of syphilis

•BUN, Creatinine, 

glucose
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•Biochemical assays

Evolution of Biomarkers in US Healthcare

Early 20th Century
(Acute disease era)



1.Heart Disease 

2.Cancer

3.Stroke

(1950)

• Framingham Heart Study
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•Human Genome Project

•Polymerase chain reaction (PCR)

•Genomic testing (risk alleles, etc.)

•Companion Diagnostics

•Proteomics (early)

•Epigenomics (early)

1.Heart Disease

2.Cancer

3.Low Back Pain (3rd leading 

contributor to DALYs)

(1990)

Cancer (emerging understanding of 

immune system)

•HER2+ IHC test (Breast Cancer)
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Metabolic Syndrome
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The Chronic Disease Management Toolkit is 
Based on Model of Infectious Disease

Life Expectancy in US 
1900: 47 years 
1950: 68 years

Success in Infectious Disease 
Mitigation & Vitamin Deficiency 

Treatment in early 1900s

Population Wide Datasets Enabling ID of Chronic 
Disease “Risk Factors” (e.g. 1948 Launch of 

Framingham Heart Study)

Smoking, high blood pressure, 
obesity, high cholesterol, and 

physical inactivity as risk 
factors for heart disease



Traditional Biomarkers are Designed to Detect 
Disease Well After Decline in Function
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A Case Study of Insulin Resistance in Young 
Healthy Adults

Petersen et al. NEJM 2004

Insulin 

Sensitive

Insulin 

Resistant



Impaired Glucose Tolerance Upon Functional 
Assessment (Oral Glucose Tolerance Test)

Petersen et al. NEJM 2004



Impaired Insulin Sensitivity Upon Functional 
Assessment (Hyperinsulinemic Euglycemic Clamp)

Petersen et al. NEJM 2004



“One to two decades before type II diabetes is 
diagnosed, reduced glucose clearance is already present”

Warram et al. Ann. Int. Med. 1990

Average 13 Year Follow-Up



If We Can See Metabolic Dysfunction in 
Young People, and Have an Effective 

Preventive Intervention, What’s the Issue?

● Biomarkers that determine resource allocation (e.g. eligibility for coverage of 
diabetes prevention program) are based on lagging indicators of functional 
decline

● The toolkit for functional capacity assessment exists in research facilities or 
performance fitness centers, and is underutilized in clinical settings

● Biomarkers of functional capacity are not easily scalable, or implemented 
into routine clinical practice
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Functional Physiological Toolkit for Health Assessment

Cardiorespiratory 
Fitness 

Body 
Composition

Insulin 
Sensitivity

Strength



Visceral Fat is a Strong, Independent Predictor of 
All-Cause Mortality

Kuk et al. J. Obesity 2012



VO2max: The Strongest Independent Predictor of All 
Cause Mortality at All Ages

Kokkinos et al. JACC 2022



VO2max: Inversely Associated with All Chronic 
Disease Risk Factors and Diagnoses

Kokkinos et al. JACC 2022



Grip Strength: Not Just for Deadlifts

Esteban-Cornejo et al. J. Cach, Sarc, Musc 2022
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Frontier Biomarkers
(Early diagnosis & healthspan)

• Scalable assessments of functional 

capacity

•At home, continuous monitoring

• Integrated multi-omics

•The need to define “health”

1.Heart Disease

2.Cancer

3.Mental Health & Cognitive 

Disorders/Dementia

(2025)

Mental and Cognitive 

Health

Obesity & Metabolic 

Syndrome (cont.)

•Digital biomarkers (e.g. wearable for 

Parkinsonism)

•Plasma MTBR-tau243 for Alzheimer’s

•Biological Age
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Features of Next-Generation Biomarkers

Biomarkers of HealthspanBiomarkers of Disease

● Genomics driven (will continue; likelihood of 
success of therapeutic clinical trials 
increases when drug target has genetic 
association)

● Classify disease subsets (disease will be 
classified into specific bins in order to 
accommodate reductionist mechanism-
targeting)

● Associated with diagnosis or mortality 
(marker of disease diagnosis, monitoring, 
prognosis, drug response, risk, or mortality)

● Functional genomics driven (proteomics, 
metabolomics, epigenetics, and 
transcriptomics, microbiome are responsive 
to health interventions)

● Disease agnostic (metrics of health, fitness, 
and flourishing should be protective 
regardless of predominant organ system 
involvement)

● Associated with functional capacity
(integrated measures of health, such as 
VO₂max or muscle mass, provide 
quantitative estimates associated with 
quality of life)



Molecular 
Biomarkers and 
Wearables Will Build 
Upon Well-Validated 
Functional Measures 
of Healthy Longevity

Furrer & Handschin. Phys. Rev. 2025



Pharmaceutical for Body Composition Enhancement Are 
Here. Fitness is a Primary Endpoint for Emerging Drugs.
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The 2016 AHA Call To Action for Fitness as a Vital Sign

Ross et al. Circulation 2016



VO Health’s Real World Implementation of CRF to 
Enhance Cardiac Risk Stratification



Addressing Limitations of Current Non-Exercise CRF 
Estimates: Quantitative & Integrated into Clinical Workflows

VO’s novel    
biomarkers deliver 
the insights of 
gold-standard 
tests, from a 
routine blood 
draw.

VO2 max is the #1 
predictor of all-
cause mortality & 
chronic disease risk

Glucose Clamps 
measures pre-
disease insulin 
sensitivity

MRI/DXA - muscle 
mass and visceral 
fat detect early 
metabolic disease

Research-grade, predictive functional 
insights are inaccessible & don’t scale 
beyond the lab.



Increasing Integration of Fitness & Medicine by 
Expanding The Medical Fitness Model: Gym as Primary 
Care

MFA 
Founding

Reversing 
the 

Traditional 
Referral 
Pathway



Potential Policy Tailwinds for Fitness Biomarkers as 
CMS-Covered Fitness and Nutrition Interventions
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The Well Known Relationship Between PA, 
Fitness, and Cancer Outcomes

•

⚬

● Regular exercise improves cancer risk¹ and survival²
● Fitness is associated with lower risk of multiple cancers³
● Fitness associated with lower mortality³

³Ekblom-Bak et al. JAMA Net. Open 2023

²Yu et al. Br. J. Sports Med. 2025

¹Albini et al. Eur. J. Cancer Prevention 2025



Fitness as a Benchmark for Cancer Survivorship To 
Enhance Engagement with Medical Fitness and 
Quality of Life



Does VO Health’s Blood Test Also Predict Fitness in Breast 
Cancer Survivors?

Retrospective data analysis from banked 
plasma samples in >100 patients who 
underwent a year long exercise and 
nutrition intervention with pre- and post-
fitness benchmarks



Takeaways

● Biomarkers play a key role in allocation of 
healthcare resources

● Traditional biomarkers of disease are based upon 
the reactive healthcare system

● The functional physiology toolkit can predict 
diseases well in advance, and omics are unlocking 
the ability to scale these predictive insights

● Now is the time for biomarkers of fitness to play a 
role in prevention, longevity, in addition to 
performance



Interested in Collaborating or Getting Early Access 
to Our Next-Gen Biomarkers?

Reach out: brooks@vohealth.co

Sign up for waitlist: VOHealth.co

mailto:brooks@vohealth.co
http://vohealth.co/
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