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also clinically meaningful outcomes, including length of 
hospital stay, readmission rates, falls, and mortality [20].

From a clinical perspective, the integration of bio-
marker assessment with established frailty scales may 
offer a more comprehensive evaluation of older patients, 
enabling earlier identification of high-risk individuals 
and more personalized management strategies. How-
ever, the lack of standardized cut-off values and the 
heterogeneity of frailty definitions remain significant 
challenges, underscoring the need for large, well-de-
signed prospective studies focusing specifically on 
elderly populations.

Infection and Sepsis Biomarkers in the Elderly
Infections and sepsis represent a leading cause of 

hospitalization and mortality in older adults. Age-related 

immune dysregulation, multimorbidity, and atypical 
clinical presentations frequently delay diagnosis and 
initiation of appropriate therapy, contributing to poor 
outcomes. In this setting, biomarkers play a critical role 
in supporting early recognition, risk stratification, and 
prognostic assessment, complementing clinical judg-
ment and severity scores.

Procalcitonin
Procalcitonin (PCT) is one of the most extensively 

studied biomarkers for the diagnosis of bacterial in-
fection and sepsis. Meta-analyses evaluating elderly 
populations have demonstrated that PCT retains good 
diagnostic accuracy, with reported areas under the curve 
(AUC) approaching 0.89 and pooled sensitivity and 
specificity of approximately 83% [25]. These findings 

Table 1. Key biomarkers of biological aging and frailty: mechanisms and clinical relevance in older adults.

Biomarker
Main mechanism / biological 
rationale

Clinical relevance in older 
adults / frailty

Representative references

IL-6 Pro-inflammatory cytokine involved 
in chronic low-grade inflammation 
(“inflammaging”)

Associated with frailty, reduced 
physiological reserve, disability, 
and adverse outcomes

Franceschi et al., 2018 [3]
Soysal et al., 2016 [5]
Leng et al., 2007 [11]

CRP Acute-phase reactant reflecting 
systemic inflammation

Elevated in frail older adults; 
non-specific marker of chronic 
inflammatory burden

Ferrucci & Fabbri, 2018;  [4]
Walston et al., 2002 [12]
Hubbard et al., 2009 [13]

TNF-α Pro-inflammatory cytokine linked 
to catabolism and immune 
dysregulation

Associated with frailty biology 
and adverse outcomes

Franceschi et al., 2018; [3]
Soysal et al., 2016 [5]

Albumin Reflects nutritional status, 
inflammation, and disease burden

Low levels associated with 
frailty, poor functional status, 
and worse prognosis

Cabrerizoetal., 2015 [15]

Vitamin D Regulates muscle function and 
metabolism

Low levels linked to sarcopenia 
and frailty

Visseretal., 2003 [16]

IGF-1 Marker of anabolic/endocrine 
function

Reduced levels associated 
with frailty and impaired 
performance

Cappolaetal., 2003 [17]

Totalcholesterol / LDL-C Reflect metabolic reserve; low levels 
may indicate catabolism

Lower levels associated with 
frailty and vulnerability

Volpatoetal., 2001 [18]

Non-HDL cholesterol Marker of atherogenic lipid burden U-shaped association with 
frailty risk

Panetal., 2025 [19]

NT-proBNP Reflects myocardial stress and 
cardiac dysfunction

Useful in cardiovascular risk 
assessment in elderly

Januzzi et al., 2018; [21]
Hildebrandt et al., 2010 
[22]

D-dimer Marker of coagulationactivation Useful for thrombotic risk; 
requires age-adjusted 
interpretation

Righini et al., 2014 [23]
A Penalozaet al., 2012 [24]


