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Abstract

Population aging represents a major global health challenge, accompanied by increasing heterogeneity in functional
status, comorbidity burden, and vulnerability to adverse outcomes among older adults. Biological aging is driven
by complex molecular and cellular processes, including chronic low-grade inflammation [inflammaging], immune
dysregulation [immunosenescence], endothelial dysfunction, and metabolic alterations, which collectively reduce
physiological reserves and impair stress responses. In this context, biomarkers have emerged as valuable tools for
assessing biological vulnerability beyond chronological age.

This narrative review summarizes current evidence on established and emerging biomarkers relevant to aging, frailty,
cardiovascular and thrombotic risk, and infection-related conditions in older adults, with particular emphasis on
sepsis-associated indicators. Frailty, a central geriatric syndrome linking biological aging to adverse clinical outcomes,
is closely associated with inflammatory, nutritional, endocrine, and metabolic biomarkers. In addition, infection
and sepsis biomarkers—including procalcitonin, presepsin, monocyte distribution width, pancreatic stone protein,
soluble urokinase plasminogen activator receptor, and bioactive adrenomedullin—provide important diagnostic
and prognostic information, especially in elderly patients with atypical clinical presentations.

Special attention is given to biomarkers reflecting endothelial dysfunction and microcirculatory failure, which ap-
pear particularly relevant in the pathophysiology of severe infections and septic shock. Emerging evidence suggests
that multimarker approaches integrating biological, clinical, and functional data may enhance risk stratification and
support personalized management strategies in geriatric populations.

Overall, biomarkers of aging represent a promising avenue for improving diagnosis, prognostication, and individual-
ized care in older adults. However, further large-scale, elderly-focused studies are required to validate their clinical
utility, establish age-specific thresholds, and facilitate integration into routine practice.
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INTRODUCTION

Population aging represents one of the most pro-
found demographic shifts of the 21st century and
constitutes a major challenge for modern healthcare

'Internal Medicine Clinic, University Hospital of Patras, Patras,
Greece

2Medical School, University of Patras, Patras, Greece
3Department of Radiology, University Hospital of Patras, Patras,
Greece

Received: 28 Feb 2026; Accepted: 20 Apr 2026

systems. World Health Organization [WHO] defines
aging not purely in chronological terms, but mainly as
the progressive accumulation of molecular and cellular
damage that leads to a decline in physiological reserves,
increased vulnerability to stressors, and ultimately higher
morbidity and mortality. In this context, older adults
constitute a heterogeneous population, characterized
by multimorbidity, polypharmacy, and highly vari-
able functional status, all of which complicate clinical
decision-making and prognostication.

Within this framework lies the emerging hypothesis
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of geriatrics, which proposes that targeting the aging
process itself, and not just the individual diseases that
accompany it, can prevent or mitigate many related dis-
eases thus enhancing healthy longevity. Central to this
approach is the identification of reliable biomarkers that
reflect underlying biological processes such as chronic
inflammation, immune dysregulation, endothelial dys-
function, and metabolic derangements. Biomarkers are
defined as measurable biological characteristics that
reflect normal physiological processes, pathological
states, or responses to therapeutic interventions, and
they play a pivotal role in diagnosis, risk stratification,
prognosis, and monitoring of disease progression.

The clinical utility of biomarkers is particularly im-
portantin the elderly, mainly because atypical presenta-
tions of acute illness, blunted inflammatory responses,
and the coexistence of chronic low-grade inflammation
often limit the diagnostic accuracy of traditional clini-
cal signs and laboratory parameters. As a result, bio-
markers may offer valuable objective information that
complements clinical assessment and supports timely
and individualized management. However, biomarker
interpretation in the elderly requires careful considera-
tion, as age-related physiological changes and comorbid
conditions may significantly influence baseline levels
and dynamic responses.

Among geriatric syndromes, frailty has emerged as a
key concept linking biological aging to adverse clinical
outcomes. Frailty reflects a state of reduced biological
reserve and increased vulnerability to stress, such as in-
fections, trauma, or surgical interventions, and is strongly
associated with hospitalization, disability, and mortality.
Growing evidence suggests that frailty is closely related
to inflammatory, metabolic, cardiovascular,and immune
biomarkers, highlighting the potential role of labora-
tory indicators in identifying high-risk older individuals.

Beyond chronic conditions, acute illnesses—particu-
larly infections and sepsis—represent a major cause of
morbidity and mortality in the elderly population. Sepsis
is increasingly recognized as a syndrome driven not only
by dysregulated inflammation but also by profound
endothelial dysfunction and microcirculatory failure,
processes that are amplified in older adults. In this set-
ting, novel biomarkers reflecting immune activation and
vascular integrity have gained considerable attention,
as they may provide superior prognostic information
compared to traditional inflammatory markers.

This narrative review aims to summarize and critically
discuss the role of established and emerging biomark-
ers in the elderly population, with a particular focus
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on frailty, cardiovascular and thrombotic markers, and
infection-related biomarkers, including sepsis-associated
indicators. Special emphasis is placed on biomarkers
that reflect endothelial dysfunction and disease severity,
highlighting their potential contribution to personalized
and precision medicine in older patients.

MATERIALS AND METHODS

This study was designed as a narrative review aiming
to summarize current evidence on biomarkers of aging,
frailty, and sepsis in elderly populations. A comprehen-
sive literature search was conducted using electronic
databases, including PubMed and MEDLINE.

The search included studies published from Janu-
ary 2000 to February 2026, in order to capture both
foundational and contemporary evidence in the field.
Additional emphasis was placed on more recent lit-
erature [last 5-10 years] to reflect current advances in
biomarker research.

Search terms included combinations of “aging’; “frail-

”u "

ty’,“biomarkers”, “inflammaging’, “immunosenescence’,
“sepsis”, “endothelial dysfunction,’and “elderly patients’”.

Eligible studies included original research articles,
systematic reviews, and meta-analyses published in
English. Studies were selected based on their clinical
relevance to elderly populations and their contribution
to understanding both the biological mechanisms and
clinical applications of biomarkers. Particular emphasis
was placed on inflammatory, metabolic, cardiovascular,
and infection-related biomarkers, including both es-
tablished and emerging markers such as procalcitonin,
presepsin, monocyte distribution width, pancreatic
stone protein, soluble urokinase plasminogen activator
receptor, and bioactive adrenomedaullin.

Screening was performed in two stages, including
title and abstract evaluation followed by full-text review.
Studies involving general adult populations were also
considered when subgroup analyses or findings relevant
to elderly patients were available.

Data extraction was performed qualitatively, and find-
ings were synthesized into thematic categories, including
biological mechanisms of aging, frailty-associated bio-
markers, and infection/sepsis-related biomarkers. Due to
heterogeneity in study designs, populations, and outcome
measures, no quantitative meta-analysis was performed.

Biological Background of Aging:
Inflammaging and Immunosenescence

Aging is a complex biological process characterized
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by the progressive decline of physiological integrity,
leading to impaired homeostasis and increased vulner-
ability to disease. At the molecular and cellular level,
aging is driven by the accumulation of DNA damage,
mitochondrial dysfunction, oxidative stress, telomere
attrition, and epigenetic alterations, all of which con-
tribute to reduced cellular resilience and impaired tissue
repair mechanisms [1,2]. These changes are not only
associated with chronic diseases but also profoundly
influence the host response to acute stressors, such as
infection or trauma.

One of the hallmarks of biological aging is inflam-
maging, a state of chronic, low-grade systemic inflam-
mation that develops in the absence of overt infection
[3]. Inflammaging is characterized by persistently el-
evated levels of proinflammatory mediators, including
interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a), and
C-reactive protein (CRP). This inflammatory milieu is
thought to arise from multiple sources, including cel-
lular senescence, immune cell dysregulation, chronic
antigenic stimulation, alterations in gut microbiota,
and the accumulation of damage-associated molecular
patterns (DAMPs) [3,4]. Importantly, inflammaging has
been strongly linked to frailty, sarcopenia, cardiovascular
disease, neurodegeneration, and increased mortality in
older adults [5].

Closely related to inflammaging is immunosenes-
cence, which refers to age-related qualitative and quan-
titative changes in both innate and adaptive immunity.
Immunosenescence is characterized by reduced naive
T-cell production, expansion of memory and T-cell sub-
sets, impaired B-cell function, and diminished antigen-
presenting capacity of innate immune cells [6]. As a
result, older patients often exhibit a paradoxical immune
profile in which a blunted response to new pathogens
is accompanied by an exaggerated or dysregulated
inflaimmatory activation. All the above partly explains
why elderly patients may present with atypical or muted
clinical signs of infection while simultaneously being at
higher risk for severe disease and adverse outcomes.

Additionally, this interaction between inflammaging
and immunosenescence has important implications
for biomarker interpretation in older patients. Baseline
elevations of inflammatory markers may reduce the
specificity of traditional biomarkers for acute disease,
while impaired immune responsiveness may delay or
attenuate biomarker rises during early infection [7].
Consequently, reliance on single inflammatory markers
may be insufficient in geriatric populations, underscor-

ing the need for biomarkers that reflect broader patho-
physiological processes, such as endothelial dysfunction,
microcirculatory failure, and immune-vascular crosstalk.

Endothelial dysfunction represents another critical
component of biological aging. Age-related changes in
endothelial cells include reduced nitric oxide bioavail-
ability, increased oxidative stress, impaired barrier func-
tion, and enhanced expression of adhesion molecules
[8]. These alterations predispose older adults to vascular
leakage, thrombosis, and organ hypoperfusion, particu-
larly during acute inflammatory states such as sepsis.
The aging endothelium therefore constitutes a key
interface between chronic low-grade inflammation and
acute organ dysfunction, making endothelial-derived
biomarkers especially relevant in elderly populations.

Within this biological framework, biomarkers of ag-
ing should not be viewed merely as diagnostic tools but
as integrative indicators of systemic vulnerability. Ideal
biomarkers in older adults should reflect cumulative bio-
logical stress, correlate with functional decline and clinical
outcomes, and provide prognostic information beyond
chronological age alone. Understanding the underlying
mechanisms of inflammaging, immunosenescence, and
endothelial dysfunction is essential for the rational selec-
tion and interpretation of biomarkers in both chronicand
acute disease states in the elderly (Figure 1).

Frailty as a Central Geriatric Syndrome:
Biomarkers and Clinical Outcomes

Frailty refers to a multidimensional geriatric syn-
drome that reflects a state of decreased physiological
reserve and increased vulnerability to stress, such as
infections, falls, or surgical interventions. Unlike chrono-
logical aging, frailty captures biological heterogeneity
among older adults and has emerged as a powerful
predictor of adverse outcomes, including hospitalization,
disability, institutionalization, and mortality [9,10]. It is
not a single disease entity but rather a dynamic condi-
tion resulting from the cumulative decline of multiple
organ systems.

Recent data from several observational studies and
systematic reviews support a close association between
frailty and chronic systemic inflammation. Specifically,
it has been demonstrated that frail older individuals
exhibit significantly higher circulating levels of proin-
flammatory cytokines, particularly IL-6, CRP, and TNF-q,
compared with robust counterparts [11-13]. These
findings reinforce the concept of inflammaging as a
biological substrate of frailty, whereby persistent low-
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Figure 1. Pathophysiology of biological aging: interplay between inflammaging immunosenescence, metabolic dysregulation, and endo-

thelial dysfunction leading to frailty and age- related disease.

grade inflammation contributes to muscle catabolism,
impaired immune function, and reduced stress toler-
ance. Elevated inflammatory markers have also been
independently associated with incident frailty and
worsening frailty trajectories over time [14].

In addition, metabolic and nutritional biomarkers
play a critical role in the frailty phenotype. Low serum
albumin levels, often reflecting chronic inflammation,
malnutrition, or underlying disease burden, have been
consistently associated with frailty and poor clinical out-
comes [15]. Similarly, reduced concentrations of vitamin
D and insulin-like growth factor-1 (IGF-1) have been
linked to sarcopenia, impaired physical performance,
and increased frailty risk, underscoring the interaction
between endocrine dysregulation and functional decline
in the elderly [16,171].

Alterations in lipid metabolism have also been in-
creasingly recognized as relevant biomarkers in frailty
assessment. Contrary to what is commonly believed,
several studies have reported lower total cholesterol
and low-density lipoprotein (LDL) levels in frail elderly
individuals, potentially reflecting underlying catabolic
states, chronic inflammation, or malnutrition rather than
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cardiovascular protection [18]. More recently, attention
has shifted toward non-high-density lipoprotein (non-
HDL) cholesterol as a more comprehensive marker of
atherogenic lipid burden and metabolic health.

In detail, a recent population-based study by Pan
et al. demonstrated a U-shaped association between
non-HDL cholesterol levels and frailty risk in individu-
als aged 65 years and older [19]. Specifically, both low
(<63 mg/dL) and very high (>259 mg/dL) non-HDL
cholesterol concentrations were associated with an
increased likelihood of frailty, suggesting that extremes
of lipid levels may reflect underlying biological vulner-
ability. These findings highlight the potential role of
lipid parameters as early biomarkers of frailty, while
also emphasizing the need for cautious interpretation
and further prospective validation.

In summary, biomarkers associated with frailty do not
concern isolated changes in laboratory findings but es-
sentially reflect multiple interactions. Although no single
biomarker has yet achieved sufficient sensitivity and
specificity for routine frailty diagnosis, combinations of
biomarkers may enhance risk stratification and prog-
nostication. Importantly, frailty-associated biomarkers
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have been shown to predict not only frailty status but
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 (Table 1).

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 (Table 2).

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 sensitiv-
ity and specificity of approximately 83% [25]. These
findings suggest that PCT can contribute both to the
confirmation and exclusion of bacterial infection in
older patients.

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

Main mechanism / biological

Clinical relevance in older adults

Biomarker . . Representative references
rationale / frailty

IL-6 Pro-inflammatory cytokine Associated with frailty, reduced Franceschi et al.,, 2018 [3]
involved in chronic low-grade physiological reserve, disability, Soysal et al., 2016 [5]
inflammation (“inflammaging”) and adverse outcomes Leng et al., 2007 [11]

CRP Acute-phase reactant reflecting Elevated in frail older adults; Ferrucci & Fabbri, 2018; [4]
systemic inflammation non-specific marker of chronic Walston et al., 2002 [12]

inflammatory burden Hubbard et al., 2009 [13]

TNF-a Pro-inflammatory cytokine linked  Associated with frailty biology Franceschi et al., 2018; [3]
to catabolism and immune and adverse outcomes Soysal et al., 2016 [5]
dysregulation

Albumin Reflects nutritional status, Low levels associated with frailty, Cabrerizo et al., 2015 [15]
inflammation, and disease poor functional status, and worse
burden prognosis

Vitamin D Regulates muscle function and Low levels linked to sarcopenia Visser et al., 2003 [16]
metabolism and frailty

IGF-1 Marker of anabolic/endocrine Reduced levels associated with Cappola et al.,, 2003 [17]

Totalcholesterol / LDL-C

Non-HDL cholesterol

function

Reflect metabolic reserve; low
levels may indicate catabolism

Marker of atherogenic lipid
burden

NT-proBNP Reflects myocardial stress and
cardiac dysfunction
D-dimer Marker of coagulationactivation

frailty and impaired performance

Lower levels associated with
frailty and vulnerability

U-shaped association with frailty
risk

Useful in cardiovascular risk
assessment in elderly

Useful for thrombotic risk;
requires age-adjusted
interpretation

Volpatoetal., 2001 [18]

Pan et al., 2025 [19]

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

Righini et al.,, 2014 [23]
A Penaloza et al., 2012 [24]
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Table 2. Emerging and established biomarkers in sepsis: diagnostic and prognostic tools in the elderly.

Biomarker

Main mechanism / biological
rationale

Main clini caluse

Representative references

Procalcitonin (PCT)

Presepsin

MDW

PSP

suPAR

Bio-ADM

Increases in bacterial infections
and systemic inflammation

Released during monocyte
activation by bacterial
components

Reflects monocyte size variability
during inflammation

Stress protein released during
infection

Marker of immune activation and
chronic inflammation

Reflects endothelial dysfunction
and vascular leakage

Diagnosis of bacterial infection
and sepsis; guides antibiotic
decisions

Early diagnosis and severity
assessment; correlates with organ
dysfunction

Early sepsis detection; rapid and
low-cost

Early detection and prognosis of
sepsis

Prognostic marker for severity and
mortality

Prognostic marker in septic shock;
correlates with mortality and

Wacker et al., 2013; [25]
Gomez-Cerquera et al., 2015 [27]

Yaegashi et al., 2015 [28]
Lee etal., 2022 [29]
Kyriazopoulou et al., 2023 [30]

Crouser et al., 2017 [31]
Motawea et al., 2023 [33]

Prazak et al., 2021 [34]
Pugin et al., 2021 [35]

Eugen-Olsen, 2011 [36]
Zhao et al., 2021 [37]

Caironi et al.,, 2017 [39]
Mebazaa et al., 2018 [40]

vasopressor need

Kim et al., 2019 [41]

Clinical studies have further shown that a PCT cut-
off of 0.5 ng/mL provides acceptable diagnostic per-
formance in elderly cohorts, with high specificity for
bacterial infection, although sensitivity may be reduced
in early disease stages or in immunocompromised
patients [26,27]. Importantly, PCT should not be inter-
preted in isolation but rather in conjunction with clinical
assessment, microbiological data, and other laboratory
parameters, particularly in older adults with chronic
inflammatory conditions.

Presepsin

Presepsin, the soluble CD14 subtype released into
circulation following monocyte activation by bacterial
components, has emerged as a promising biomarker for
both the diagnosis and prognosis of sepsis. Data from
several different studies show that presepsin levels not
only increase rapidly in bacterial infections but also cor-
relate with disease severity and organ dysfunction [28].

In a large prospective observational study, presepsin
concentrations were significantly higher in patients with
sepsis compared with those with non-infectious organ
failure and were further elevated in septic shock, sup-
porting its role as a severity marker [29]. More recent
data indicate that presepsin levels rise in a severity-
dependent manner and are strongly associated with the
development of organ failure, including in elderly popu-
lations [30]. Compared with CRP and PCT, presepsin has
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shown comparable or superior diagnostic performance
in selected studies, although inter-study heterogeneity
and limited standardization remain challenges.

Monocyte Distribution Width

Monocyte distribution width (MDW) is an emerging
biomarker derived automatically from complete blood
count analysis, reflecting changes in monocyte size
heterogeneity during systemic inflammation. MDW has
gained attention due to its availability at the point of
care, lack of additional cost, and rapid turnaround time.

Clinical studies in emergency department settings
have demonstrated that MDW is significantly higher in
septic compared with non-septic patients, including older
adults with atypical presentations [31]. In a recent study,
the use of an MDW cut-off >21.5 units was associated with
earlier recognition of sepsis and a significant reduction in
time to antimicrobial administration, although no direct
impact on mortality was observed [32]. A meta-analysis
further confirmed the diagnostic value of MDW, reporting
a pooled AUC of 0.79 and performance comparable or
slightly superior to that of PCT [33]. These findings sup-
port the role of MDW as a practical adjunctive biomarker
for early sepsis detection in elderly patients.

Pancreatic Stone Protein and suPAR

Pancreatic stone protein (PSP) is a stress-induced
protein secreted by pancreatic and duodenal cells,
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with increasing evidence supporting its role in sepsis
diagnosis and prognosis. Studies comparing PSP with
traditional biomarkers have shown higher AUC values
for infection detection and superior prognostic per-
formance for septic shock development [34]. Serial
measurements of PSP have further demonstrated value
in early sepsis detection in critically ill patients, suggest-
ing a role in dynamic risk assessment [35].

Soluble urokinase plasminogen activator receptor
(suPAR) reflects immune system activation and chronic
inflammation. Elevated suPAR levels have been consist-
ently associated with disease severity, organ failure, and
mortality in sepsis [36]. In elderly septic patients, suPAR
concentrations correlate positively with severity scores
such as SOFA and APACHE II, as well as with proinflam-
matory cytokine profiles, highlighting its prognostic
rather than diagnostic utility [37].

Bioactive Adrenomedullin as a Sepsis Biomarker

Bioactive adrenomedullin (bio-ADM) has emerged
as a key biomarker reflecting endothelial dysfunction,
microcirculatory failure, and disease severity in sepsis.
Adrenomedullin is a vasoactive peptide with potent
vasodilatory, anti-inflammatory, and endothelial-pro-
tective properties, playing a central role in maintaining
vascular integrity and homeostasis during systemic
inflammation [38,39]. In sepsis, excessive production of
adrenomedaullin is thought to represent a compensatory
response to profound endothelial injury and increased
vascular permeability.

Early clinical studies demonstrated that circulating
adrenomedullin and proadrenomedullin levels are
significantly elevated in patients with severe sepsis and
septic shock and are strongly associated with disease
severity and adverse outcomes [39,40]. Subsequent
investigations focusing on the biologically active form
of adrenomedullin provided more precise prognostic
information. The AdrenOSS-1 study showed that bio-
ADM levels were independently associated with organ
failure and mortality in septic patients, outperforming
several traditional biomarkers [40].

Multiple observational studies have since confirmed
that elevated bio-ADM concentrations correlate with the
severity of circulatory failure, need for vasopressor sup-
port, and short-term mortality in both intensive care and
emergency department settings [41-43]. Importantly,
bio-ADM has been shown to reflect endothelial barrier
dysfunction, a central pathophysiological mechanism
in septic shock, linking biomarker elevation directly to

microvascular leakage and tissue hypoperfusion [44,45].

Meta-analytical data further support the prognostic
value of adrenomedullin-related biomarkers in sepsis,
demonstrating significant associations with mortality
and organ dysfunction across heterogeneous patient
populations [46]. More recent studies have highlighted
the potential additive value of bio-ADM when combined
with other biomarkers or severity scores, suggesting a
role in multimarker strategies for risk stratification [47].

Beyond its role as a biomarker, adrenomedullin
has attracted interest as a potential therapeutic tar-
get. Experimental and translational studies indicate
that modulation of adrenomedullin signaling may
promote vascular integrity and improve outcomes in
sepsis, further underscoring its central role in disease
pathophysiology [48,49]. Although routine clinical
implementation of bio-ADM measurement is not yet
widespread, current evidence supports its utility as
a robust prognostic biomarker, particularly in elderly
patients who are prone to endothelial dysfunction and
circulatory instability.

Clinical Implications

The expanding body of evidence on biomarkers
of aging highlights their potential to enhance clinical
decision-making in older adults across a wide range
of settings. Given the heterogeneity of the elderly
population, biomarkers may assist clinicians in moving
beyond chronological age toward a more individualized
assessment of biological vulnerability, disease severity,
and prognosis.

In daily clinical practice, biomarkers can support early
diagnosis, particularly in older patients with atypical or
blunted clinical presentations. Infection- and sepsis-
related biomarkers such as PCT, presepsin, MDW, and
bioactive adrenomedullin may facilitate earlier recog-
nition of high-risk patients, allowing timely initiation
of antimicrobial therapy and hemodynamic support
[25-33],[40-43].

Beyond diagnosis, biomarkers play a crucial role
in risk stratification and prognosis. Frailty-associated
biomarkers, endothelial markers, and sepsis-related
biomarkers have been consistently associated with
adverse outcomes, including organ failure, prolonged
hospitalization, and mortality [11-14],[37],[41-46]. In
this context, biomarkers may aid in identifying elderly
patients who require closer monitoring, higher levels
of care, or early escalation of treatment.

Importantly, biomarkers should not be used in iso-
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lation. Their greatest clinical value lies in integration
with comprehensive geriatric assessment, validated
clinical scores, and physician judgment. Multimarker
approaches may offer superior prognostic performance
compared with single biomarkers, particularly in com-
plex syndromes such as sepsis and frailty [47]. How-
ever, standardization of cut-off values and validation
in elderly-specific cohorts remain critical prerequisites
for widespread implementation.

DISCUSSION

This narrative review highlights the growing role
of biomarkers as integrative tools for understanding
biological aging, frailty, and acute disease in older
adults. Rather than serving solely as diagnostic adjuncts,
biomarkers increasingly reflect fundamental pathophysi-
ological mechanisms that underlie vulnerability, disease
severity, and adverse outcomes in this population.

One of the central themes emerging from the re-
viewed evidence is that aging is accompanied by a
complex interplay between chronic low-grade inflam-
mation, immune dysregulation, endothelial dysfunction,
and metabolic alterations. These processes collectively
contribute to reduced physiological reserve and im-
paired stress responses, rendering older adults particu-
larly susceptible to clinical deterioration during acute
illness. Biomarkers associated with inflammaging and
immunosenescence, such as IL-6, CRP, and TNF-a, have
consistently been linked to frailty and poor outcomes,
supporting their role as indicators of biological rather
than chronological aging [3-5],[11-14].

Importantly, frailty emerges as a unifying clinical
construct that bridges biological aging and adverse
outcomes. The association of frailty with inflammatory,
nutritional, endocrine, and lipid biomarkers underscores
its multifactorial nature and highlights the limitations of
relying on single laboratory parameters [9,10],[15-19].
While no individual biomarker has demonstrated suf-
ficient discriminatory power to define frailty in isolation,
combined biomarker profiles may enhance risk strati-
fication, particularly when integrated with established
frailty scales and comprehensive geriatric assessment.

In the cardiovascular and thrombotic domains, this
review reinforces the necessity of age-adapted bio-
marker interpretation. Natriuretic peptides and D-dimers
remain clinically valuable in older adults, provided that
age-related physiological changes are acknowledged.
The success of age-adjusted D-dimer thresholds in safely
excluding venous thromboembolism exemplifies how
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biomarker interpretation can be optimized for elderly
populations without compromising safety [23,24]. These
findings highlight an important principle: biomarkers
should not be abandoned in older patients, but rather
contextualized within the biology of aging.

The most compelling advances, however, are ob-
served in the field of infection and sepsis biomarkers.
Sepsis in older adults is frequently characterized by
atypical presentations, delayed diagnosis, and dispro-
portionate mortality. Traditional inflammatory mark-
ers may be insufficient in this setting due to baseline
inflammation and blunted immune responses. Emerging
biomarkers such as presepsin, MDW, PSP, and suPAR
provide additional prognostic insight by reflecting im-
mune activation, cellular stress, and disease severity
[28-37]. Their value lies less in binary diagnosis and
more in early risk stratification and trajectory prediction.

Among these biomarkers, bioactive adrenomedul-
lin warrants particular attention. Unlike conventional
inflammatory markers, bio-ADM directly reflects en-
dothelial dysfunction and microcirculatory failure—
core mechanisms in the pathogenesis of septic shock
[39-46]. The consistent association between elevated
bio-ADM levels, organ failure, vasopressor requirement,
and mortality across multiple cohorts underscores its
robustness as a prognostic biomarker [40-43],[46,47].
This is especially relevant in older adults, in whom
age-related endothelial vulnerability may amplify the
clinical impact of sepsis.

From a translational perspective, bio-ADM repre-
sents a paradigm shift in biomarker research, linking
molecular signaling pathways to clinically meaningful
outcomes. Its potential role as both a prognostic marker
and a therapeutic target further distinguishes it from
other biomarkers, aligning with emerging concepts of
precision medicine in critical care [48,49]. Nevertheless,
routine clinical implementation requires standardized
assays, validated cut-off values, and clear guidance on
how bio-ADM measurement should influence thera-
peutic decisions.

Despite the growing body of evidence, several limita-
tions must be acknowledged. Most biomarker studies
include heterogeneous populations with limited age-
specific analyses, and elderly patients—particularly
the frailest—are often underrepresented. Additionally,
variability in study design, timing of biomarker measure-
ment, and outcome definitions limits direct comparison
across studies. These challenges underscore the need
for large, prospective, elderly-focused studies designed
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specifically to evaluate biomarker-guided strategies.
Finally, the clinical utility of biomarkers should be
viewed within a multimodal framework. Biomarkers are
most effective when combined with clinical assessment,
functional status evaluation, and validated severity
scores. Future approaches integrating biomarker panels
with frailty indices and artificial intelligence—driven mod-
els may further enhance prognostic accuracy and support
individualized care pathways for older patients [47].

Future Perspectives

Future advances in the field are likely to focus on mul-
timarker strategies that combine inflammatory, meta-
bolic, cardiovascular, and endothelial biomarkers with
clinical and functional assessments. The integration of
biomarker panels with frailty indices and severity scores
may significantly enhance risk prediction and support
personalized management strategies in elderly patients.

Artificial intelligence and machine-learning models
represent a promising avenue for synthesizing complex
biomarker data with clinical variables to generate in-
dividualized prognostic predictions [49]. Additionally,
biomarkers such as bioactive adrenomedullin may not
only serve as prognostic tools but also emerge as thera-
peutic targets, reflecting a shift toward pathophysiology-
driven interventions in sepsis and critical illness [48,49].

Large, prospective, elderly-focused studies are es-
sential to validate existing biomarkers, establish age-
specific thresholds, and determine their impact on
clinical outcomes and healthcare resource utilization.
Such efforts will be critical to translating biomarker
research into routine geriatric practice.

CONCLUSION

Biomarkers represent a rapidly evolving and highly
promising tool in the care of older adults. By reflecting
key biological processes such as inflammaging, immu-
nosenescence, endothelial dysfunction, and metabolic
dysregulation, biomarkers provide valuable information
beyond chronological age alone. Their application has
the potential to improve diagnosis, prognostication,
and individualized management, particularly in high-
risk conditions such as frailty, cardiovascular disease,
and sepsis.

Among emerging biomarkers, those related to
endothelial function—most notably bioactive adre-
nomedullin—appear particularly relevant in elderly
patients, offering robust prognostic information in sepsis
and septic shock. However, widespread clinical imple-

mentation requires further validation, standardization,
and integration into multimodal assessment strategies.

Ultimately, the thoughtful incorporation of biomark-
ers into geriatric medicine may contribute to earlier rec-
ognition of vulnerability, more precise risk stratification,
and improved quality of care for the aging population.
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