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BIOMARKER

A defined characteristic that is measured as an indicator of normal biological processes, 
pathogenic processes, or responses to an exposure or intervention, including therapeutic 
interventions.

FDA-NIH Biomarker Working Group



Category Definition/aim Example

Susceptibility/Risk biomarker Potential for developing a disease or medical condition 

in apparently healthy individual

Breast Cancer genes 1 and 2 (BRCA1/2) 

mutations in breast cancers

Diagnostic biomarker Detect or confirm the presence of a disease Blood sugar or hemoglobin A1c (HbA1c) for 

diabetes

Monitoring biomarker Assessing the status of a disease or the effect of 

interventions

Prostate-specific antigen (PSA) in patient with 

prostate cancer

Prognostic biomarker Identify the likelihood of a clinical event, disease 

recurrence, or progression

Prostate-specific antigen (PSA) in patient with 

prostate cancer

Predictive biomarker Identify individuals who are more likely to experience a 

favorable or unfavorable effect from a specific 

intervention or exposure

Epidermal Growth Factor Receptor (EGFR) 

mutations in NSCLC patients to select patients 

for anti-EGFR drug therapy

Pharmaco-dynamic/

Response

biomarker

Show that a biological response has occurred in an 

individual who has received an intervention or 

exposure

Blood pressure for antihypertensive agent or 

sodium restriction

FDA-NIH Biomarker Working Group



Category Definition/aim Frailty and sarcopenia biomarkers

Susceptibility/Risk biomarker Potential for developing a disease or medical condition 

in apparently healthy individual

Diagnostic biomarker Detect or confirm the presence of a disease 

Monitoring biomarker Assessing the status of a disease or the effect of 

interventions

Prognostic biomarker Identify the likelihood of a clinical event, disease 

recurrence, or progression

Predictive biomarker Identify individuals who are more likely to experience a 

favorable or unfavorable effect from a specific 

intervention or exposure

Pharmaco-dynamic/

Response

biomarker

Show that a biological response has occurred in an 

individual who has received an intervention or 

exposure

FDA-NIH Biomarker Working Group



• Multiple and only partly overlapping operational definitions.

• Complex, multifactorial conditions.

• Incomplete knowledge of pathogenesis.

• Multiple mechanisms are likely to be simultaneously involved in development of frailty and 
sarcopenia → multiple biomarkers may be needed to fully frame the conditions.

• Frailty and sarcopenia (usually) develop over years and pathogenic processes may not 
necessarily be the same during their whole course → different biomarkers may be needed 
depending on the stage.

MAJOR OBSTACLES TO THE DEVELOPMENT OF BIOMARKERS FOR FRAILTY AND SARCOPENIA





Meza-Valderrama et al., Nutrients 2021





PHYSICAL FRAILTY & SARCOPENIA: THE NEW KID ON THE BLOCK

Landi et al., Clin Geriatr Med 2015 Marzetti et al., Transl Med UniSa 2016





BIOSPHERE was designed to develop a biomarker discovery procedure for PF&S, using 
multivariate methodologies as an alternative approach to traditional single-marker strategies



• Statistics were mostly borrowed from chemometrics and were chosen to handle 
correlated, multi-platform variables.

• Tests were selected to identify biomarker patterns within a large number of analytes
collected in a relatively small participant sample.

• Robust cross-validation procedures were applied to ensure findings were not 
attributable to chance correlations.

FIT-FOR-PURPOSE STATISTICS









Muscle-specific processes

• Mitochondrial dysfunction 

• Redox imbalance 

• Alterations in protein homeostasis

• Acceleration of myonuclear apoptosis

• Dysregulation of autophagy

• Neuromuscular junction aberrant remodeling

• Iron dyshomeostasis

Non-muscle-specific processes

• Systemic inflammation

• Hormonal changes

• Telomere shortening (senescence)

• Malnutrition

• Gut dysbiosis

PHYSICAL FRAILTY & SARCOPENIA: A PROTOTYPICAL GEROSCIENCE CONDITION



Controls: 78.5 ±6.0%
PF&S: 75.1 ±4.6%
Total: 75.6 ±3.9%



Controls: 68.7  ± 2.5%
PF&S: 82.3  ± 1.6%
Total: 75.6  ± 1.3%





Controls: 79.9  ± 5.1%
PF&S: 80.6  ± 5.3%
Total: 80.3  ± 3.8%





Controls: 91.7%
PF&S: 87.5%
Total: 90.0%







Mildly oxidized mitochondria are 
targeted by phosphatase and tensin
homolog-induced kinase 1 (PINK1) 
and Parkin. This priming process, in 
conjunction with oxidized cardiolipin
(oxoCL)-driven membrane 
curvatures and other unknown 
proteins, assists in the generation of 
MDVs. MDVs reach out to the 
endolysosomal system and form 
multivesicular bodies (MVBs) that 
are extruded from cells as 
extracellular vesicles.





Controls: 83.6  ± 9.2%
PF&S: 80.6  ± 5.3%
Total: 80.3  ± 3.8%



IL1-β
IL6
TNF-α
Activin A
ICAM-1
Serpin E1
TIMP-1
GFAP
GDF15
FGF21



Controls: 72.8  ± 4.7%
PF&S: 75.0  ± 4.9%
Total: 74.0  ± 3.4%



CONCLUSION

• Multivariate/multidimensional modeling of complementary biomarkers is a 
suitable strategy for capturing the complexity of physical frailty & 
sarcopenia.

• The analytical approach applied in BIOSPHERE allowed identifying specific 
patterns of (biologically plausible) candidate biomarkers pertaining to 
complementary physiologic domains.

• Findings obtained in BIOSPHERE are preliminary and need to be validated 
longitudinally and in larger-scale studies.
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