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ARTICLE INFO ABSTRACT
Section Editor: Daniela Frasca Frailty is a complex physiological syndrome associated with adverse ageing and decreased physiological reserves.
Frailty leads to cognitive and physical disability and is a significant cause of morbidity, mortality and economic
Keywords: costs. The underlying cause of frailty is multifaceted, including immunosenescence and inflammaging, changes in
Ffaﬂty microbiota and metabolic dysfunction. Currently, salivary biomarkers are used as early predictors for some
Biomarkers clinical diseases, contributing to the effective prevention and treatment of diseases, including frailty. Sample
Immune response . . s s . . . . . .
Inflammatory collection for.sahvary gnalysm 1s. non-mx./aswe. anc.1 simple, w./vhlch are paramount factors for testlr.lg-m the
Salivary vulnerable frail population. The aim of this review is to describe the current knowledge on the association be-
tween frailty and the inflammatory process and discuss methods to identify putative biomarkers in salivary fluids
to predict this syndrome. This study describes the relationship between i.-inflammatory process and frailty; ii.-
infectious, chronic, skeletal, metabolic and cognitive diseases with inflammation and frailty; iii.-inflammatory
biomarkers and salivary fluids. There is a limited number of previous studies focusing on the analysis of in-
flammatory salivary biomarkers and frailty syndrome; hence, the study of salivary fluids as a source for bio-
markers is an open area of research with the potential to address the increasing demands for frailty-associated
biomarkers.
1. Introduction 2019, the estimated number of ageing people in the world was 1 billion
and this number is expected to rise to 1.4 billion by 2030 and 2.1 billion
Advances in medical sciences, living conditions and effective public by 2050 (WHO, 2020). Therefore, understanding ageing and ageing-
health interventions have steadily increased life expectancy over the related diseases has gained unprecedented importance in guiding pre-
years. The main driver for the increased average life expectancy is the ventive and therapeutic healthcare interventions.
decrease in child and infant mortality. However, older age mortality has Ageing is a complex phenomenon that involves metabolic and,
also shown a decline such that life expectancy at 60 years of age has sometimes, structural changes in each hierarchical organizational level
increased worldwide over the last decades (Mathers et al., 2015). In of the body, from cells to organs, that lead to functional decline.
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A. Niebla-Cardenas et al.

Observational human studies on the older adults population suggest that
physiological age does not always match chronological age and that the
ageing process varies in speed and characteristics from one individual to
another. Thus, it is important to be able to stratify the older adults
population that has a higher risk of having an ‘advanced physiological
age’ and ageing-related ailments as age is a risk factor for many chronic
diseases and geriatric syndromes including frailty, instability, inconti-
nence, cardiovascular disease, diabetes, and neurodegeneration (Niccoli
and Partridge, 2012; Kirkland and Tchkonia, 2017).

Frailty is a condition that is associated with adverse ageing. It can be
defined as an increased likelihood of unfavourable health outcomes in
the face of external or internal stressors due to decreased physiological
reserves (Pansarasa et al., 2019). In other words, frailty is associated
with a decrease in the resiliency of the body and an increase in the
likelihood of physical, cognitive disability and progressive functional
loss, hospitalisation, and even death.

The higher healthcare costs associated with frailty are multifactorial,
including the cost of nursing care, medicines, physiotherapy treatments,
medical consultations, and emergency visits (Hajek et al., 2018). Frailty
is significantly associated with other comorbidities and together they
increase the use of hospital healthcare resources and related costs
(Garcia-Nogueras et al., 2017). When considering the clinical and
pharmaco-economic costs of frailty, the importance of early detection,
as well as risk assessment, becomes evident. That is why timely detec-
tion through the use of biomarkers is required. These biomarkers could
also be used to assess the efficacy of new interventions against frailty.
Such is the case of biomarkers that target clinical parameters related to
the inflammatory response (Saedi et al., 2019). Currently, evidence af-
firms that such biomarkers in basal state measurements are associated
with Fried Frailty Phenotype and Rockwood Frailty Index (Collerton
et al., 2012; Mitnitski et al., 2015). Changes in the proteome of patients
are thought to unify the pathophysiological process underpinning
accelerated progression into frailty (Saedi et al., 2019).

Biomarkers should ideally be assessed using minimally invasive
methods to decrease the risk of infection in this vulnerable population.
Furthermore, the method should not be costly and labour-intensive to
allow repeated testing in large numbers of people. Analyzing biomarkers
in salivary fluids fits these criteria as it is a high-throughput minimally
invasive process with widely used methods. The aim of this review is to
briefly describe the association of frailty with inflammatory processes
and diseases and to discuss potential putative biomarkers (in salivary
fluids) to predict this syndrome in at-risk individuals.

2. Frailty

The ageing process is not homogenous in terms of quality of life,
morbidity and survival. In this period of life, the ageing population can
be affected by frailty, which is mainly defined by biomedical or psy-
chosocial aspects. It is a physiological geriatric syndrome characterized
by decreased reserve and diminished resistance to stressors as a result of
cumulative decline across multiple physiological systems, causing
vulnerability to adverse outcomes, including death (Walston et al.,
2006). Nowadays, several potential definitions of frailty are being
debated, hindering the discovery and verification of biomarkers related
to the diagnosis, screening, and research of this syndrome, which in-
cludes disability, comorbidity or advanced old age.

To operationalise and standardise the definition of frailty, two
complementary rather than substitutive models are commonly used.
Fried et al. (2001) proposed a frailty phenotype (rule-based definition)
whereby individuals are considered to be frail when they simultaneously
present three or more of five listed deficits (unintentional weight loss,
weakness, low levels of physical activity, slowness and poor endurance
and energy). Those with no frailty-associated characteristics were
considered robust, and those with one or two characteristics were
considered to be in a prefrail stage (Fried et al., 2001). The frailty
phenotype (Fried model) is frequently used, although it focuses more on
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evaluating physical function, giving little direct consideration to mental
health and comorbidities (Gray et al., 2013).

Another frailty model is the one proposed by Rockwood and Mit-
nitski, where frailty is defined in terms of the accumulation of deficits in
multiple aspects. The authors designed the Frailty Index (FI), which
considers a series of health status markers (typically 30-40 items, e.g.,
presence or absence of a particular medical condition or poor perfor-
mance on a number of functional tasks). The deficit is indicated by
assigning a value 1 and the absence of by the value 0. In general, this
method is considered the most reliable tool available to identify non-
frailty or frailty (Rockwood et al., 1994; Rockwood and Mitnitski,
2007). Some research has found the FI reliably and accurately
(O’Caoimh et al., 2019). Additionally, it has been observed that this
scale is more replicable and responsive than the Frailty Phenotype
(Feenstra et al., 2021). Thanks to this model, health and mortality can be
predict, as well as the identification of individuals with a high risk of
death and the accumulation of individuals deficits using computational
modelling as observed in the investigations research by Rutenberg and
colleagues. These authors generated several individual models for
human health trajectories, according to age, where specific nodes of
different networks appear such as frailty, physiological deficits, activ-
ities of daily living, injury and death. These nodes make new connec-
tions, creating models that facilitate the understanding of localized
damage caused by frailty (Rutenberg et al., 2018; Farrell et al., 2020).
This approach evaluates and identifies a large number of potential in-
dicators (Collerton et al., 2012), combining these biomarker measures
into the FI to potentially allow the detection of a systemic effect that
could be masked if these variables were used in isolation (Mitnitski
et al., 2015). Furthermore, this tool reflects the accumulation of
organism-wide damage due to altered macroscopic (functional and
cognitive) and microscopic repair processes (deficits at the levels of
tissue and cells) (Howlett and Rockwood, 2013; Yin et al., 2020). When
using the FI, ethnicity and societal factors need to be taken into account.
For that reason, there are several frailty indexes validated around the
world, to be used according to the characteristics of the population to be
studied. One example of Frailty Index is Frail-VIG, which was developed
to recognize the progression of frailty into four categories commonly
used in clinical practice: non-frailty (Frail-VIG index score < 0.2), mild
frailty (Frail-VIG index score 0.2-0.35), moderate frailty (Frail-VIG
index score 0.36-0.5), and severe frailty (Frail-VIG index score > 0.5), in
the older Spanish population. This index consists of 22 trigger questions
that are used to assess 25 deficits from eight different dimensions,
providing a final score ranging from O to 1 (Amblds-Novellas et al.,
2017).

Some molecular changes in the frailty of older adults are reflected in
biomarkers. Thus, studying these changes could be useful in frailty
screening and diagnosis.

As discussed in the following sections, inflammation is one of the
most relevant signs of ageing and could be a possible underlying path-
ogenic pathway linking frailty and ageing.

3. Older adults and the immune system

Significant changes in the immune system occur in advanced age.
These alterations in immune function and effectiveness that are linked to
older age are known as immunosenescence (Wilson et al., 2017).
Adverse effects of age-associated immune decline are thought to mani-
fest in an increased risk of infections and cancer, a decreased response to
vaccines and an increase in autoinflammatory diseases (Wilson et al.,
2017; Fulop et al., 2018). If an infection cannot be effectively controlled
by the immune system, it may become chronic and eventually lead to the
development of chronic inflammatory diseases and/or inflammation-
related diseases (neurodegenerative diseases, cardiovascular disease,
diabetes, frailty and some cancers). Hence, the declined strength of the
immune response with age is considered to be one of the underlying
causes of age-related morbidity and mortality.
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In the age associated immune decline, marked quantitative and
qualitative changes occur in the lymphocyte compartment. The number
of naive T cells is significantly reduced, probably due to the long-term
effects of thymic involution and the depletion of reserves due to anti-
gen contacts during life (Fulop et al., 2018). This makes it harder for the
older adults to fight off new pathogenic challenges or mount effective
immune responses to new vaccination. Conversely, memory T cells in-
crease, especially those specific to CMV, leading to persistent infection
and immune stimulation (Pawelec, 2018). Moreover, this chronic
stimulation can lead to T cell exhaustion, which impairs T cell effector
function (Fulop et al., 2018). Quantitative changes in the T cell
compartment include an inversion of the CD4/CD8 ratio (Wikby et al.,
2005). The T cell receptor repertoire is also reduced in immunose-
nescence (Egorov et al., 2018; Thomas et al., 2020), as shown in Fig. 1.

Another effect of thymic involution is the decrease in the efficiency
of the thymic education process, so that more self-reactive T cells escape
to the periphery, increasing the risk of autoimmune responses and
promoting an inflammatory milieu in the body (Egorov et al., 2018;
Thomas et al., 2020). In terms of B lymphocytes, the number of plasma
cells in the bone marrow of older people is reduced, and in some cases,
there is less class switching and somatic hypermutation. These changes
can hamper vaccine response and long-term immunity due to a
compromised antibody response (Ventura et al., 2017; Frasca et al.,
2020).

However, as more human studies are carried out, it has become
increasingly difficult to trace the health consequences of immune
deterioration due to ageing (Lopez-Otin et al., 2013; Fulop et al., 2018).

In frailty, limited evidence supports alterations in the T cell
compartment of the adaptive immune system. The first set of evidence,
that comes from the results of the post hoc analysis of the data nested-
case control study which showed that frail older women had signifi-
cantly higher counts of CD8" and CD87CD28™ T cells, while CD4™ T cell
frequencies were significantly lower in the frail than in the non-frail
(Semba et al., 2005).

Another piece of evidence comes from the Multi-Centre Acquired
Immune Deficiency Syndrome (AIDS) Cohort Study (MACS), where the
patients with (HIV) infection had an increased vulnerability to the frailty
phenotype, which was determined by CD4 " T cells counts, regardless of
plasma HIV viral load or antiretroviral therapies (Desquilbet et al., 2007;
Desquilbet et al., 2009).
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Finally, evidence from a pilot study, showed that frail people had
higher T-cell counts, which were expressed at the CC chemokine re-
ceptor 5 (CCR5), causing a pro-inflammatory type 1 phenotype
(Loetscher et al., 1998) and, contributing significantly to several in-
flammatory conditions compared to non-frail people. The increased
CCR5"' T cell frequency in fragile older adults was not attributed to
CD8™ T cell-associated fragility, and a gradual increase in CCR5" T cell
counts has been observed (De FU, et al., 2008).

Another phenomenon related to age-associated immune decline and
with the innate arm of the immune system is inflammaging. As will be
discussed in the next section, inflammaging refers to a chronic, sub-
clinical, and sterile inflammatory response in the body that arises at old
age (Pansarasa et al., 2019). This inflammatory response is correlated
with many geriatric syndromes, including frailty.

4. Inflammation and frailty

Inflammation is a complex immune response to harmful stimuli, such
as pathogens, irritants, or damaged cells. Once a pathogen breaks
through the physiological, physical and chemical barriers of the body,
the inflammatory response of the innate immune system is the first line
of defence to eliminate the pathogen (Prasad et al., 2016). This response
is pivotal for limiting the spread of pathogens or the accumulation of
harmful cells in the body. However, the concomitant destruction of the
healthy surrounding tissue resulting from the bystander effect requires
strict control of this process. Therefore, anti-inflammatory mechanisms
such as IL-10 secretion is required to limit the damage caused by the
inflammatory response. The immune-privileged status of the delicate
tissues of the body, such as the eye and the brain, further underscores the
destructive potential of the inflammatory response (Lopez Angel et al.,
2021). The harmful effects of unchecked or misguided inflammatory
responses also manifest themselves in autoimmune diseases. In older
people, inflammation is associated with morbidity, a decline in func-
tional autonomy and frailty (Pansarasa et al., 2019). The relationship of
frailty with some lipoproteins could also be indirectly explained by
inflammation: a decrease in high-density lipoprotein (HDL) is related to
increased inflammatory status (Abbatecola et al., 2004). Hence, an in-
crease in HDL- cholesterol is also related to disability, mortality and
decreased longevity and, as such, is a determinant of frailty syndrome
(Fulop et al., 2018).
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Fig. 1. The immunosenescence in older people interferes in a number of innate and adaptive immune cells aspects like thymic involution, altered T and B cell
responses, altered naive/memory ratio, increased serum levels of IgG and IgA, a chronic low grade inflammation.
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The delicate balance between pro-inflammatory and anti-
inflammatory mechanisms tips towards the pro-inflammatory side
with ageing. This phenomenon is called inflammaging and is triggered
by non-specific innate immunity. Inflammaging is characterized by a
chronic, systemic, and low-grade, inflammatory status in the absence of
infections, which can mediate tissue damage such as endothelial damage
(Franceschi et al., 1995). It manifests through elevated serum levels of
pro-inflammatory cytokines (IL-1, IL-6 and TNF-a), C-reactive protein
(CRP) and decreased anti-inflammatory cytokines such as IL-10 (Baylis
et al., 2013; Juarez-Cedillo et al., 2019).

The underlying causes of inflammaging have not been clearly
elucidated, however it is deemed to be multifactorial. It is related to
infectious agents encountered throughout life, including latent or
persistent viral infections (Haq and McElhaney, 2014), changes in
microbiota and metabolic and cellular dysfunction (absorption of bac-
terial toxin such as LPS) (Li et al., 2011; Lee et al., 2016; Cardoso et al.,
2018). More specifically, inflammaging is thought to be the result of the
cumulative effects of stimulation and assault from defective autophagy,
loss of protein homeostasis and increased endoplasmic stress that in-
crease cellular ‘garbage’ such as misfolded proteins, mitochondrial
dysfunction and oxidative stress, senescent T cells, secretory profile of
senescent cells (senescence-associated secretory phenotype, SASP), gut
microbiota dysbiosis and ‘leaky gut’ (Fulop et al., 2018; Fiilop et al.,
2019). These events culminate in the assembly of the NLRP3 inflam-
masome and associated secretion of pro-inflammatory cytokines (Lopez-
Otin et al., 2013).

The main immune players in inflammaging are monocytes and
macrophages, especially M1 subtypes that produce pro-inflammatory
cytokines and chemokines (Li et al., 2011; Munawara et al., 2021).
Immune cells also change their surface marker expression and are less
efficient in the production of reactive oxygen species. These cells are in a
state of immune paralysis and favour the production of pro-
inflammatory over anti-inflammatory cytokines. The immune paralysis
could be due to increased cortisol levels. This cortisol increase is a
compensatory mechanism for the decreased dehydroepiandrosterone
(DHEA) levels that comes with physiological ageing. After a stress
response in an ageing context, there is not a complete recovery of all
innate cell functions (Namioka et al., 2017) (Fig. 2).

SASP is one of the links that tie inflammation, adverse ageing, and
frailty together. Cellular senescence is associated with cell cycle arrest,
resistance to apoptosis and shortened telomeres (Thomas et al., 2020).
Senescent cells accumulate in multiple tissues during ageing due to
compromised clearance by leukocytes. Senescent cells have a unique
SASP that includes many proinflammatory cytokines, interleukins,
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Fig. 2. In Inflammaging several factors can dysregulate intracellular homeo-
stasis during ageing, intensifying the secretion of inflammatory cytokines
and chemokines.
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interstitial collagenase (MMP1) or collagenase 3 (MMP13) (Coppé et al.,
2008) that play an important role in many diseases, such as athero-
sclerotic complications (Namioka et al., 2017).

Inflammaging is one of the contributing factors to age- and frailty-
related ailments including neurological and cardiovascular diseases
(Thomas et al., 2020).

5. Guidelines for selecting frailty potential inflammatory
biomarker

Considering the aim of this review, which is to decipher putative
biomarkers for predicting frailty, guidelines are required for the proper
selection of potential biomarkers whose presence or alteration could be
related to frailty. However, this is not an easy task, as the molecular
changes associated with ageing are still not well understood or sys-
tematically characterized as it would be required to define a specific
panel of biomarkers useful for diagnosis and/or prognosis.

Recently, clinical endpoint-focused studies have been set up, exam-
ining different biomarkers candidates, to identify known and new
markers associated with ageing and disease and their relation to ageing
process. Among these studies, two will be briefly described as they have
served as examples in the design and implementation of research. The
first one, Targeting Ageing with Metformin “TAME” (Justice et al.,
2018), is based on a geroscience-guided intervention. This model was
proposed by NIH Biomarker Definitions Working Groups and FDA
guidance markers. This research involved a double-blind randomized
clinical trial (6-year duration) using metformin to target the molecular
ageing pathways. The aim was to extend human life by preventing and
reducing the incidence of multimorbidity and functional impairment
caused by the biomarkers present in this population. In the absence of a
set of specific ageing biomarkers for such studies, a panel of experts was
convened to select the biomarkers according to the following criteria: (a)
reliability and feasibility of biomarker measurement in a clinical setting;
(b) relevance of the biomarker in ageing, (to ensure that changes were
constant); (c) consistent data from the biomarker (to predict all-cause
mortality, clinical and functional outcomes); and (d) responsiveness to
intervention in a short period of time. Biochemical markers, clinical and
physiological measures (handgrip speed, grip strength, cognitive
assessment, spirometry, and blood pressure, among others) were
included in this trial and had to be appropriate for the population and
the size, duration, cost, and logistics on the trail. The sample consisted of
a non-diabetic male and female population aged 65 to 80 years. Initially,
258 biomarkers related to ageing or age-related diseases were
selected:229 out of 258 were based on a comprehensive literature re-
view, while 29 were clinically selected (cancer, cognitive, cardiovas-
cular, etc.) during the project. Following the biomarker selection
criteria, 77 biomarkers were omitted as they were not blood-based.
Another, 39 were excluded due to low reliability and viability in large
trials or because required an immunoplex assay, which can be reliable,
but not on a large scale, as well as showing inconsistency in the
detectability of several cytokines that were part of these biomarkers. As
a result, the use of 86 biomarkers was evaluated, based on: 1) frequency
of use; 2) usefulness for diagnosis or follow-up of clinical disease; and 3)
expert opinion (relevance and impact on the literature via PubMed and
data published in Diabetes Prevention), on at the magnitude the effect of
the biomarker across publications, face validity of the biomarker and
sensitivity to change within a minimum time frame of 6 years. It should
be noted that each biomarker was separately screened for each clinical
disease and functionality, excluding acute or severe diseases due to the
difference in the results obtained. Furthermore, the estimated effect size
was calculated with every cause of death and a screening of the in-
terventions and percentage changes was performed. If these were
available, the biomarker was considered suitable to be evaluated using
the metformin treatment and comparing it with the reference or control
group. Based on this systematic process, only 8 biomarkers were suitable
for study in this trial at the following levels: Inflammatory (IL-6,
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TFNRIIL, CRP), Stress Response and Mitochondria (GDF15), Nutrient
Signalling (IGF-1), Renal Ageing (cystatin C), Cardiovascular (NT-
proBNP) and Metabolic Ageing (haemoglobin Alc). The combination of
biomarkers is able to predict morbidity, disability, and mortality more
accurately. The epigenetic clock of an ageing biomarker is strongly
associated with chronological age and predicts mortality risk and clin-
ical outcomes, although it has not yet been epidemiologically tested.

The second study (Ahadi et al., 2020) was a cohort of 106 healthy
individuals from 29 to 75 years of age that were examined by different
types of omic measurements (transcripts, proteins, metabolites on blood
mononuclear cells and cytokines assays using serum, clinical assays).
Nasal and gut microbiomes were analysed using 16S rRNA sequencing in
a quarterly visit for up to 4 years with additional samples acquired
during a period of physiological stress. A new age-related marker was
identified by comparing insulin-resistant (IR) to insulin-sensitive (IS)
individuals. Peripheral blood mononuclear cells were analysed and 51
laboratory tests were obtained from each participant per visit, gener-
ating 18 million data points. Ageing was identified through changes in
marker levels over a short period of time (2-3 years) and defined types
of molecular pathways that also changed over time in specific in-
dividuals, known as ageotypes, which provide a molecular assessment of
personal ageing as reflected in each subject’s lifestyle, which was useful
in this study for monitoring and intervening in the ageing process. To
understand patterns within and across individuals and to perform omics
analyses, three types of identification analyses were performed 1)
identification of markers and pathways that were associated with the
age of the individuals. 2) identification of molecular ageing, differenti-
ating between participants who were insulin resistant and those who
were insulin sensitive and 3) identification of personal markers and
pathways that differed between individuals as they age.

A systematic analysis was carried out to find markers (median gene
expression, plasma proteins, metabolites, cytokines, microbes and clin-
ical markers) that showed a strong correlation (using Spearman’s test)
with the median age of each study participant. After analysis of body
mass index (BMI) and sex, the results identified 184 molecules with
different tendencies and levels of positive and negative association.

Concerning age-related biological pathways, there was a significant
elevation in the acute phase movement response, Toll-like receptor,
inflammatory and coagulation pathways of the different types of mole-
cules. Ten of the 184 molecules found in this research were identified in
the insulin-resistant group, while none were found in the insulin-
sensitive group.

This study has shown how over time individuals are capable of
change. Analysis of analytes collected from 43 subjects at 5 medical
visits over 700 days showed significant changes. No significant corre-
lation between dietary intake and time was observed in 28 subjects with
dietary habits (assessed by standardised feeding tests). It was noted that
the dietary intakes were generally stable and dietary alteration was not
responsible for longitudinal changes in clinical markers.

In addition, physical activity, medication and body mass index were
assessed at each visit. Using the phenotypic age formula, which reports
metric changes over time at an individual level, results showed that
people age at different rates in different biological mechanisms known
as ageotypes, which were present in four major mechanisms: immuno-
logical (where an age-related increase in molecules was observed),
metabolic, hepatic, and renal regulation and dysregulation. Moreover,
increased inflammation was observed earlier in insulin-sensitive (IS)
subjects than in insulin-resistant (IR) subjects.

Pathway analyses of personal ageing molecules in different in-
dividuals revealed distinct ageing pathways for each subject. In addi-
tion, different subjects experienced different gut microbial changes over
time. There are two parameters in this study on an individual and a
population level. Thus, molecules can show a significant trend among a
community on a personal level, but not on a population level.

The availability of time-dependent markers of personal ageing
potentially allows action on ageing at the individual level.
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The aim of identifying, selecting and studying age-related bio-
markers in both investigations was met, but the systematisation to
achieve it is rather different and can sometimes become complex. The
observational and directed strategies of Justice et al. go from the general
to the specific, selecting large numbers of biomarkers for study and
gradually discarding them down to only eight biomarkers that met the
previously established criteria (which were more focused on the pres-
ence of the biomarker in the literature and the opinion of experts). The
biomarkers studied were plasmatic, discarding other types of fluids,
focusing on the clinical level (diseases as well as functionality) and those
changes observed over time. Meanwhile, the study by Ahadi et al. uses
omics analysis, which at present is still a largely unexplored area in the
study of biomarkers of any fluid (proximal and peripheral fluids). This is
particularly true in an ageing population, where the strategy of
biomarker analysis can go from the specific to the general since this
study focuses on the individual participants. Among the 106 subjects of
the study, molecular patterns of Insulin Resistance or Insulin Sensitivity
were identified in each participant, studying the relationships of these
molecules with nutrition, physical activity and medication. Both studies
highlight the importance that the immune system has in ageing due to
the changes observed over time.

However, for the purposes of this review we opted for the study of
Ahadi et al. as it covers the study of salivary biomarkers related to
physical and functional factors of frailty. These will be as follows:

There are twenty neuroinflammatory markers associated with
cognitive impairment and physical frailty. These include elevated levels
of IL6 (Wikby et al., 2005), C-reactive protein (CRP), tumour necrosis
factor (TNF-alpha and beta), uric acid, IL1-beta, IL1-alpha, erythrocyte
sedimentation rate (ESR), cortisol/dehydroepiandrosterone ratio,
IL1IRA, IL-13, CD4, CD8, IL6R, IL-18, TNF-a receptor I (TNFR1),
TGFbeta, IFNalpha, IFNbeta, cortisol, homocysteine, fibrinogen, Inter-
cellular Adhesive Molecule-1 (ICAM-1), circulating osteogenic progen-
itor (COP) cells, and beta 2-microglobulin (B2M) (O’Bryant et al., 2010;
Lee et al., 2016; Ferrucci and Fabbri, 2018). It is important to mention
that some studies have linked elevation of these pro-inflammatory cy-
tokines in cognitive fragility to hippocampal and thalamic atrophy,
which is associated with low levels of anti-inflammatory cytokines,
causing cognitive impairment and a reduction in neuronal plasticity,
which will be reflected in executive functions, processing speed and
selective care (Mooijaart et al., 2013; Namioka et al., 2017).

White blood cells (WBC) in peripheral blood (PB) are circulating
immune cells. White blood cell counts, including neutrophil counts, are
increased in frail individuals. High WBC counts were predictive of future
frailty in healthy people aged 60 years (Wilson et al., 2017). It is also
associated with cardiovascular or cerebrovascular events and cancer
mortality (De Martinis et al., 2006; Li et al., 2011). Neutrophils are of
prime importance for the inflammatory response since they are the first
leukocytes to arrive at the site of inflammation and initiate the cascade
of events leading to inflammation. Higher neutrophil counts are asso-
ciated with low physical activity and frailty (Wilson et al., 2017). In
ageing, neutrophils lose some of their chemotactic and chemical activity
to kill pathogens and hence can contribute to systemic inflammation
(Dewan et al., 2012). In the lymphocyte compartment, there are fewer
CD28 expressing T cells and CD4/CD8 counts are reversed in frail in-
dividuals according to the IRP (Ventura et al., 2017).

Interleukin 6 (IL-6) is a pleiotropic proinflammatory cytokine
involved in the regulation of immune responses. It is the most potent and
broadly effective stimulant for acute-phase protein production by
human hepatocytes (Tilg et al., 1994). IL-6 also promotes the expansion
and activation of T cells and the differentiation of B cells. IL-6 levels
have been found to be important markers for many diseases. High serum
levels (for example 2.5 pg/ml) predict incident disability and frailty, in
particular, slower walking speed (Ferrucci et al., 1999; Ferrucci et al.,
2005). Also, higher levels of IL-6 are correlated with a higher number of
chronic diseases (Fabbri et al., 2015) including cardiovascular, neuro-
logical (dementia, Parkinson’s disease), musculoskeletal, cancer,
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chronic fatigue syndrome and clinical depression (Hiles et al., 2012).

In the frailty context, increased IL-6 is associated with cognitive
disability, sarcopenia and mortality (Wilson et al., 2017). Conversely,
single nucleotide polymorphism in IL-6 gene that is associated with
higher plasma levels of this cytokine is less frequent in centenarians,
underscoring the potential association of IL-6 with mortality and un-
healthy ageing (Wilson et al., 2017).

CRP, IL-6, TFN-a and neutrophil count showed positive associations
with Fried model, Rockwood model and inverse associations with al-
bumin (Aziz et al., 2015). Increased levels of CRP, IL-6 and TFN-a are
associated with insulin resistance in older adults nondiabetic subjects
(Abbatecola et al., 2004), coronary heart disease and heart failure events
(Fulop et al., 2006).

Increased IL-6 levels are also associated with a limitation in the
instrumental activities of daily living (Li et al., 2011).

C Reactive Protein (CRP) is a protein secreted by the liver in
response to IL-6 and is a prominent member of the acute-phase in-
flammatory proteins. It promotes the production of pro-inflammatory
cytokines while circulating in blood plasma as a stable homo-
pentamer. CRP binds to phosphocholine, a common constituent of
polysaccharide coatings of bacterial pathogens and mammalian cell
membranes. It then acts as an opsonin, facilitating the phagocytosis of
pathogens and dead or dying cells (Mortensen and Zhong, 2000; Vola-
nakis, 2001). CRP is considered a broad biomarker of systemic inflam-
mation of clinical significance (Stoner et al., 2013). Elevated levels in
plasma are associated with progressive vascular disease (Wang et al.,
2011), age, depression (Duggal et al., 2014), sarcopenia, metabolic
syndrome (Fulop et al., 2012), disability and cognitive decline in in-
dividuals over 65 years of age, but it is not always a significant mortality
predictor. There is a tight correlation between serum levels of CRP and
IL-6. Significant correlations were found between CRP levels and
handgrip. Interestingly, CRP has emerged as a sex-specific frailty marker
where an association between frailty and women has only been made for
women aged between 60 and 90 (Gale et al., 2013).

Salivary CRP levels and blood CRP are particularly likely to be
correlated because CRP is synthesized primarily in the liver. There is no
local production of CRP in the mouth and its most likely to reach saliva
via the blood, which is why there is a higher dilution in salivary CRP
levels (Ouellet-Morin et al., 2011). Out et al. (2012) suggests that sali-
vary CRP at low levels is a better indicator of systemic CRP, whereas, at
higher levels, it is less likely to correlate with blood levels (Out et al.,
2012), as it can indicate an abnormally high infiltration from blood due
to local inflammation, tissue damage or poor oral health (Engeland
et al., 2019).

Tumour Necrosis Factor-alpha (TNF-a) is a pro-inflammatory
cytokine and endogenous pyrogen produced by natural killer cells
(NK), macrophages, microglia and other cell types (Slavish et al., 2015).
It also plays a role in the stimulation of acute-phase response, and its
increased levels are associated with leukocyte telomere length (Pava-
nello et al., 2017). TNF-a activates prostaglandins and other substances
related to pain perception, and numerous other processes throughout
the body, including remodelling of tissues and apoptosis of tumour
(Fiilop et al., 2019) cells and dysregulation (Fiilop et al., 2019; Goodsell,
2005). TNF-a is a potential biomarker for frailty (Hubbard et al., 2009).
In older adults people, TNF-a is associated with cardiovascular disease
(Stoner et al., 2013), osteoporosis, Alzheimer’s disease (AD) (Franceschi
et al., 2001), Diabetes Type II (Recasens et al., 2005) and mortality
(Giacomini et al., 2018).

Pentraxin 3 (PTX3) is secreted in response to TNF-a by macrophages
and blood vessel components. It has been associated with weight loss or
leanness in the older adults hypertensive population and its high levels
are associated with cognitive impairment and potentially with frailty in
this population (Yano et al., 2010).

Interleukin 1 (IL-1) is the proinflammatory cytokine that mediates
the host response to microbial invasion, inflammation, tissue injury and
immunologic reactions (Garlanda et al., 2013). IL-1 B is synonymous
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with leukocytic endogenous mediator, lymphocyte activating factor, as
well as mononuclear cell factor, catabolin, osteoclast activating factor
and hemopintin-1. IL-1p is produced as a result of the proteolytic
cleavage by the inflammasome, mainly by macrophages and epithelial
cells. In addition to attracting leukocytes into inflamed tissues, IL-1 f
also causes degranulation of basophils and eosinophils, stimulates
thromboxane synthesis in macrophages and neutrophils and potentiates
the activation of neutrophils by chemoattractant peptides. IL-1 p is
mitogenic for mesangial cells in the kidney, glial cells in the brain and
keratinocytes (Ganter et al., 1989).

Together with the other proinflammatory cytokines TFN- a and IL-6,
IL-16, plays an important role in pain sensitivity (Mika et al., 2013) and
fatigue that can restrict physical activity and contribute to frailty
(Thoma et al., 2011). An analysis performed on geriatric patients
admitted to the trauma centre of a hospital showed that frail individuals
had higher IL-1p serum levels as compared to non-frail individuals
(Palmer et al., 2019).

Interleukin 4 (IL-4) is a Th2 interleukin that is produced by T
lymphocytes, granulocytes and mast cells (Landau et al., 2019). It has an
anti-inflammatory effect and has been defined as a “prototypic immu-
noregulatory cytokine” (Mika et al., 2013). Given the association of
frailty with cardiovascular diseases, this cytokine can be an indirect
biomarker for frailty.

Interleukin 10 (IL-10) is an anti-inflammatory cytokine that in-
hibits the synthesis of numerous cytokines (TFN- a, IFN-y, IL-2 and TFN-
f) and suppresses Th1 proinflammatory responses. IL-10 secretion is low
in nonstimulated tissues and it regulates its own expression in a negative
feedback loop. IL-10 also enhances B lymphocyte survival and prolif-
eration (Fulop et al., 2006) as well as the production of IgA, which is the
main immunoglobulin in salivary immunity (Stoner et al., 2013). IL-10
is a myokine, as exercise fosters an environment of anti-inflammatory
cytokines. The frequency of IL-10 single nucleotide polymorphism,
which increases serum levels of this cytokine, is increased in centenar-
ians and is speculated to be preventive against sarcopenia (Wilson et al.,
2017). In frailty syndrome, the direct role of IL-10 is not clear yet.

Intercellular Adhesive Molecule-1 (ICAM-1) had higher levels for
both cognitive impairment and physical frailty (Lee et al., 2016). This
biomarker is associated with increased production of IL-6, and TNF-a,
suggesting that it is related to the pro-inflammatory cascade (McCabe
et al., 1993).

Albumin is an abundant protein in body fluids, such as plasma, sy-
novial fluid and cerebrospinal fluid that functions as a carrier protein. It
is involved in the body’s inflammatory response to acute or chronic
infections or conditions that are associated with a persistent low-grade
inflammatory state, such as obesity. Low serum albumin levels are
prospectively associated prospectively with an increased total mortality
(Phillips et al., 1989). Low plasma albumin levels in the older adults
with type II diabetes is associated with frailty (Yanagita et al., 2020).
This hypoalbuminemia has been proposed to be an indicator of
malnutrition.

Therefore, albium could have a potential frailty biomarker status as a
result of the complex interaction of the nervous system, endocrine sys-
tem, immune system and diet, all of which are major contributing fac-
tors to frailty.

6. Infectious diseases associated with frailty

Altered immune responses related to ageing make the older adults
more susceptible to new infections, such as influenza. The frail popu-
lation, in particular, is more susceptible to infectious diseases than
younger persons (Mathei et al., 2011).

In older adults the respiratory infections may also negatively affect
frailty status during and after recovery from infection. The information
currently available on the association of frailty with the severity of in-
fectious diseases is limited, however, it is known that frailty has been
associated with a lower probability of recovery in older people
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hospitalised for influenza and acute respiratory illnesses (Lees et al.,
2020). Hughes and cols. found that more severe respiratory episodes
may have had a detrimental impact on frailty compared to less severe
episodes. Sometimes chronic respiratory illnesses are exacerbations of
underlying diseases (Hughes et al., 2019).

Regarding influenza, if this infection leaves older adults with a
lasting increase in frailty, the true burden of influenza could last beyond
the period of illness and lead to long-lasting impacts on a person’s
health. Investigations reported that the frailty of hospitalised older
adults with influenza and acute respiratory illness was associated with
lower odds over recovery (Lees et al., 2020).

Recent research in Asia has observed that the prefrailty is only
associated with the occurrence of pneumonia, deterioration in physical
strength, nutritional status deficit, impaired oral function, depression,
and home boundness. It was also noted that frailty in older adults was
significant in association with hospitalisation due to pneumonia
compared to non-frailty (Iwai-Saito et al., 2021). The other study per-
formed in China has shown that frailty increases the 1-year mortality
associated with community-acquired pneumonia and, thus, it is a risk
factor for severe pneumonia (Luo et al., 2020).

Another respiratory viral infection is coronavirus disease (COVID-
19) caused by severe acute respiratory syndrome-coronavirus-2 (SARS-
CoV-2) (Goyal and Goyal, 2020). The development of COVID-19 in
people with frailty is associated with poor prognosis and high fatalities.
One study has shown a high disease burden increased the likelihood of
hospitalisation, with men being more likely to be admitted than women.
In the same study in women, age was a protective factor for COVID, as it
was shown that young women had a higher incidence of infection, while
men did not, but were at risk. The crude incidence of this pathology
increases with age, as well as certain pathologies caused by immuno-
senescence (Feijoo et al., 2022).

7. Neurodegeneration and frailty

There is evidence for the association between frailty and cognitive
impairment based on the shared pathophysiological mechanisms such as
vascular diseases and inflammation (Panza et al., 2017). Evidence sug-
gests that mental health and cognition may be affected even from the
early stages of frailty (Han et al., 2014). This combination leads to
increased levels of disability and a lower quality of life compared to
frailty or cognitive impairment alone (Feng et al., 2017).

In 2013, the International Consensus Group organized by the Inter-
national Academy on Nutrition and Aging (I.A.N.A) and the Interna-
tional Association of Gerontology and Geriatrics (I.A.G.G) defined the
characteristics of cognitive frailty: 1) existence of physical frailty and
cognitive impairment and 2) exclusion of a clinical diagnosis of Alz-
heimer’s Disease or any other form of dementia (Kelaiditi et al., 2013).
Several pathological changes associated with cognitive decline and the
pathological processes of dementia, such as insulin resistance, chronic
inflammation, and mitochondrial dysfunction, are associated with
obesity (De Felice and Ferreira, 2014; Seo et al., 2021). In addition,
cognitive impairment is related to frailty, sharing pathophysiological
bases and some outcomes such as disability, gait disturbances, falls,
fractures, hospitalisation and even mortality (Robertson et al., 2014;
Casas-Herrero et al., 2019). Cognitive frailty can be considered as the
initial step of neurodegeneration, which has brought together physical
and cognitive frailty.

Two markers measured in serum/plasma were associated with
cognitive impairment and frailty: Sirtuin 1 and cystatin C. Sirtuin 1 has
been reported to be involved in the pathway that controls the expression
of amyloid-beta peptides, which form the plaques associated with Alz-
heimer’s disease (AD), through ADAM10 (Donmez et al., 2014). Levels
of Sirtuin 1 decrease with age but this decline is more pronounced in
individuals with cognitive impairment and frailty compared to age-
matched healthy individuals (Kumar et al., 2014). On the other hand,
decreased serum cystatin C is associated with cortical and subcortical

Experimental Gerontology 171 (2023) 112040

atrophy, contributing to a higher risk of cognitive impairment (Liu et al.,
2014), and, consequently, to falls, unstable and slow gait speed, poor
balance and slow reaction times (Casas-Herrero et al., 2019; Robertson
et al.,, 2014). These are the main motor manifestations of cognitive
frailty (Montero-Odasso et al., 2016). Therefore, people who suffer
cognitive frailty with an inflammatory process will be more susceptible
to neurodegenerative diseases, such as AD, as pro-inflammatory cyto-
kines might be responsible for the inflammatory state in the brain
(Petrus and Lee, 2014). Infections can induce amyloid-f} peptides, which
have true antimicrobial activity while contributing to the maintenance
of inflammatory state via the innate immune system (Fulop et al., 2016).
Hence, bacterial amyloid proteins could influence p-amyloid deposition
in the brain via two different pathways: induction of neuroinflammation
or molecular mimicry, i.e., misfolding of neuronal proteins through
cross-seeding (Friedland, 2015). As some authors hypothesized, gut
microbiota might play a role in regulating amyloid deposition in the
brain through the modulation of inflammation (Cattaneo et al., 2016).
Altered nutrition, immune system and the structural changes associated
with ageing can promote proinflammatory gut dysbiosis. Many micro-
bial taxa are underrepresented in frail older people, including those that
produce metabolic mediators such as short-chain fatty acids (SCFAs)
that modulate inflammation and improve insulin sensitivity and
anabolic responses (Di Sabatino et al., 2018). Moreover, facultative
anaerobes, which are associated with increased inflammatory cytokines,
become dominant in the intestines of older people (Biagi et al., 2010).
Several authors underscored the fact that many gut bacterial taxonomies
can produce amyloid proteins. These proteins could be phagocytized by
the enteric immune system cells and then delivered to the central ner-
vous system or directly enter the systemic circulation as a consequence
of a “leaky gut”, that is, altered mucosal permeability induced by
microbiota dysbiosis (Friedland, 2015). This has been corroborated by a
study that detected Gram-negative bacteria-derived lipopolysaccharide
(LPS) in the hippocampus and temporal cortex of AD patients in a post-
mortem analysis (Zhao et al., 2017). The importance of the microbiota in
modulating systemic inflammation and neuroinflammation has also
been underlined by the association between oral microbiota overgrowth
in periodontitis and AD (Harding et al., 2017; Shoemark et al., 2015).
Other authors have also emphasized the potential role of the vagal nerve
in transducing gut microbiota signals to the brain (Leung and Thuret,
2015). Overall, the increased local and systemic inflammation that oc-
curs during inflammaging can contribute to neurodegenerative pro-
cesses, as exemplified by AD.

8. Chronic diseases and frailty

Ageing is the greatest risk factor for a majority of chronic diseases
driving both morbidity and mortality. New findings suggest this might
be reciprocally true: diseases and/or their treatments may accelerate
ageing pathologies (Kennedy et al., 2014). The link between ageing and
chronic diseases is multifactorial, including changes in the gut micro-
biome, metabolic dysregulation and the immune system.

In terms of metabolism, Type II diabetes, like other chronic diseases
or comorbidities, can exacerbate the metabolic dysregulation associated
with ageing. One of the most important questions to be addressed is how
overnutrition and obesity can affect the metabolome of ageing. These
issues are relevant to inflammation as well, as adipose tissue is a major
source of inflammatory cytokines (Kennedy et al., 2014). An increased
inflammatory state can lead to frailty and dysregulations in the body
systems. As mentioned earlier, inflammation can be a common under-
lying cause of adverse ageing and chronic disease (Salvioli et al., 2013).

Chronic diseases confer a high healthcare cost, and some diseases are
associated with greater hospitalisation or overall healthcare costs than
others. The association between frailty and chronic diseases is, thus, one
of the factors contributing to frailty-associated healthcare costs.



A. Niebla-Cardenas et al.

8.1. Cardiovascular diseases

Hypertension, diabetes, obesity (especially abdominal obesity), and
sedentary lifestyle appear to be shared factors of frailty and cardiovas-
cular disease (CVD). Low-grade inflammation is an important factor in
the development of CVD. Veronese et al. (2017a, 2017b) showed that
pre-frailty was associated with a 23 % greater risk of CVD, whereas
frailty was associated with a 70 % greater risk of CVD (Veronese et al.,
2017a, 2017b). Frailty can be associated with an increased risk of CVD
due to inflammaging as well as compromised muscle structure and
function.

8.1.1. Atherosclerosis is one of the inflammatory diseases that can
lead to coronary artery disease, peripheral arterial disease or cerebro-
vascular disease (Fulop et al., 2018). Frailty has been shown to increase
the risk of atherosclerosis (Korada et al., 2017). In this disease, endo-
thelial cells are damaged and foam cells accumulate. Foam cells increase
as a result of the deposition of cholesterol-containing low-density lipo-
protein (LDL) particles on the endothelium. This process induces an
inflammatory reaction, including interaction among innate cells, adap-
tive immune cells and endothelial cells (Libby et al., 2011). Foam cells
are formed when macrophages engulf lipid-containing particles. In
atherosclerosis, there is the hardening of the arterial wall as well as a
narrowing of the lumen that can hinder the perfusion of the organs.
Senescent T cells contribute to atherosclerosis by secreting macrophage
stimulating IFN-y (interferon-gamma) (Thomas et al., 2020). Studies
show that high CRP and IL6 levels are associated with an increased risk
of cardiovascular diseases in older people (Ferrucci and Fabbri, 2018).

8.1.2. Hypertension is one of the most prevalent diseases of the
cardiovascular system (Liu et al., 2020). Systolic hypertension is the
most common form of primary hypertension in the ageing population
and is partly associated with higher pulse pressure and pulse wave ve-
locity (Staessen et al., 2000). Hypertension is more common among frail
individuals as compared to pre-frail and non-frail individuals (Liu et al.,
2014). Hypertension and frailty can share a common pathophysiology
involving arteriosclerosis, inflammation or sustained oxidative stress
(Liu et al., 2020).

8.2. Sarcopenia

Sarcopenia is the muscle atrophy associated with ageing. Sarcopenia
is associated with hypoplasia (the decline of fibre number) as well as
skeletal muscle atrophy (the reduction of fibre size) (Narici et al., 2003).
The concomitant decrease in muscle strength is exacerbated by the
decrease in type II muscle fibres and mitochondria, and the increase in
fat deposition in the parenchyma (Wilson et al., 2017). Sarcopenia can
lead to changes in gait and physical performance in older adults. Hence,
it is associated with loss of mobility, reduced independence, and
increased mortality.

Sarcopenia can be the result of hormonal changes, such as increased
cortisol/(DHEA), malnutrition, reduced physical activity, and immu-
nosenescence and inflammaging (Wilson et al., 2017). A significant
amount of metabolic energy is spent on cytokine production in inflam-
maging, thereby reducing the amount of energy available for other
essential functions such as the maintenance of muscle mass (Fulop et al.,
2016). Neuroinflammatory markers IL-6, TNF-alpha, and CRP were
found to be elevated in older adults with sarcopenia (O’Bryant et al.,
2010). In terms of energy, skeletal muscle mitochondrial dysfunction is
also prevalent in advanced age, decreasing in volume and number, as
well as reduced biogenesis (Petersen et al., 2012).

There is a “gut-muscle axis” involving microbial mediators that in-
fluence skeletal muscle anabolism and physical exercise, favouring gut
microbiota biodiversity (Grosicki et al., 2018). High-fat diets may pro-
mote gut microbiota dysbiosis, and thus support systemic inflammation.
Fabbri et al. (2017) showed that a higher total fat mass is accompanied
by a simultaneous loss in lean body mass, predicting a faster rate of
decline in muscle quality in the older adults (Fabbri et al., 2017). Recent
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studies have also shown that gut microbiota is involved in the physio-
pathology of frailty by promoting chronic inflammation and anabolic
resistance. Therefore, gut microbiota could be a mediator between
frailty and sarcopenia.

One of the biggest challenges nowadays is to determine which comes
first, sarcopenia and then frailty or frailty, then sarcopenia. However,
there are limitations to the information available. It should be consid-
ered that these pathologies represent a permanent interruption to the
homoeostasis of organisms with a limited probability of change (Cesari
et al., 2014). Sarcopenia and frailty are distinct but related conditions.
Sarcopenia is not a biomarker of frailty; however, the absence of sar-
copenia may be important to exclude a diagnosis of frailty. It will also
have to be considered that the prevalence of sarcopenia or frailty also
varies depending on the techniques used to evaluate the different pa-
rameters of these diseases (Davies et al., 2018).

A Japanese cross-sectional study has shown that participants with
sarcopenia and frailty (measured by the frailty phenotype criteria) had
poor quality of life, high incidence of falls, and low levels of vitamin D,
protein, and energy. The study also shows that frail people havea higher
percentage of lower limb, muscle strength weakness and require more
long-term care, due to the intensity of falls (Mori and Tokuda, 2019).

8.3. Skeletal pathologies

Physical frailty is related to skeletal pathologies and cognitive
impairment that share common pathophysiological bases and outcomes,
such as gait disturbances, falls, fractures, disability, and even mortality
(Robertson et al., 2014; Casas-Herrero et al., 2019). Bone fractures are
related to significant complications, such as increased fear of falling, loss
of autonomy, risk of disability, decreased quality of life, and anticipated
mortality in old people (Bailly et al., 2014; Bonafede et al., 2016;
Amouzougan et al., 2017). Age-related low bone mass weakens the
skeleton and increases the likelihood of bone fractures (Amouzougan
et al., 2017; Bonafede et al., 2016). The incidence of hip fracture (HF) is
an increasing global medical problem that mainly affects aged pop-
ulations (Dhanwal et al., 2011), as well as vertebral fractures, albeit to a
lesser degree (Walters et al., 2017).

HF has severe clinical consequences because of the associated
morbidity, patient’s susceptibility to severe depression and loss of au-
tonomy. These factors contribute to reduced health, poor or partial re-
covery and frailty (Duggal et al., 2014). The incidence of bacterial
infections in HF patients before surgery is 43-48 %, while 20-30 % of
patients die due to HF (Edwards et al., 2008). HF triggers a state of acute
stress that shares similarities with severe burns, sepsis, and stroke,
resulting in progressive immunosuppression (Xiu et al., 2013) and an
increase in infection risk.

8.4. Metabolic pathologies

8.4.1. Diabetes mellitus (DM)

Recent studies have shown that DM, insulin resistance and lip-
otoxicity increase neutrophil infiltration, macrophage proliferation and
the secretion of inflammatory mediators, contributing to a pro-
inflammatory state in the body (Ferrucci and Fabbri, 2018). DM is
also related to frailty and pre frailty, as it is characterized by decreased
reserves in multiple physiologic systems. In 2019, the European Society
of Cardiology (ESC) identified diabetes as one of the main cause of CVD
(Jiménez Navarro et al., 2020). Also, DM plays an important role in the
development of atherosclerosis due to the excessive production of
angiotensin II that can cause mitochondrial damage by increasing
chronic inflammation (Eguchi et al., 2018). The prevalence of this pa-
thology varies around the world (Soysal et al., 2016), as it can occur as a
part of the metabolic syndrome or as a single disease. There is a possi-
bility that DM-associated episodes of hypoglycaemia play a role in the
increased risk of frailty (Niccoli and Partridge, 2012).

Metabolic Syndrome refers to a collection of disorders linked to
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abdominal obesity, dyslipidaemia, systemic hypertension, and insulin
resistance (Andersen et al., 2016)Metabolic Syndrome is characterized
by higher levels of leptin that are associated with the prevalence of
frailty (Hubbard et al., 2010). In cognitive functions, this Metabolic
Syndrome is related to a deterioration in executive functions (Lin et al.,
2015). As the name suggests, it is associated with a systemic metabolic
disruption, involving the endocrine and immune system. The immune
system plays a role in its pathophysiology and, at the same time, is
affected by this pathology. Thus, a proinflammatory state and chronic
low-grade inflammation are observed in this syndrome.

8.4.2. Obesity

Obesity is indicated by a higher than normal body mass index (BMI)
and changes in body fat/muscle composition. It is associated with many
conditions, including insulin resistance. Insulin resistance increases
inflammation via central obesity, adipocytes release C-C chemokine 2
(CCL2) and tissue accumulation of M1 macrophages (Ferrucci and
Fabbri, 2018), monocytes and T lymphocytes (Vandanmagsar et al.,
2011). In turn, the accumulation of B lymphocytes and macrophages
causes an increase in body mass (Weisberg et al., 2003). Many studies
have indicated that an increase in BMI, waist circumference, intramus-
cular and pericardial adipose tissue is associated with higher frailty
scores and probably with sarcopenia (Hubbard et al., 2010; Crow et al.,
2019; Karczewski and Snyder, 2018).

8.4.3. Dyslipidemia

Numerous studies have examined this pathology; however, the re-
sults are inconsistent. One set of results showed that HDL concentration
was higher in people in a state of non-frailty (61.7 m g/dl) vs. pre-frailty
(58.1 mg/dl p = 0.04). However, another study showed that pre-frailty
and frailty are associated with a higher risk of low HDL and High LDL
concentration (Sergi et al., 2015). These outcomes are similar to the ones
in Reykjavik, which showed that HDL and LDL levels were lower and
triglyceride levels were higher in frail versus non-frail people, reaching
even higher levels in those subjects with metabolic syndrome (Veronese
et al., 2017a, 2017b). Cholesterol may induces NLRP3 inflammasome
which stimulates the production of IL-1p, producing atherosclerotic
complications and perfusion problems (Ordovas-Montanes and Ordovas,
2012).

9. The use of proteomics for salivary biomarkers of frailty

The aetiology of frailty has been associated with changes in several
physiological situations including inflammation (Walston et al., 2002).
Many of the observed alterations in frailty syndrome occur at the protein
level (such as defects in protein synthesis and metabolism) abnormal-
ities of mitochondrial function, redox imbalance and dysregulation of
myocyte apoptosis (Marzetti et al., 2012; Joseph et al., 2012). Thus, the
discovery of protein biomarkers could be a step forward for the diag-
nosis and prognosis of this multifactorial pathology.

Currently, there is no single biomarker that achieve sufficient pre-
dictive, diagnostic and prognostic accuracy to be routinely introduce
used in clinical practice, either alone or in combination with clinical and
demographic data (Lippi et al., 2015).

Understanding the molecular mechanisms and the complexity of
frailty syndrome is one of the present challenges for the scientific
community. Although the knowledge in this area has notably increased
in the last years thanks to the development of new approaches in ge-
nomics and the proteomics (and proteomics applications in translational
biomedical research).

Currently, proteomics studies focused on frailty biomarkers are
limited, as most of them have used small a cohort for evolution and aim
to confirm the role of inflammatory mechanisms in frailty (Pan et al.,
2020). Such is the case of the FRAILOMIC initiative (www.frailomic.
org), which is based on proteomic approaches that aim to identify a
set of biomarkers, that will represent the basis for developing “ready to
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use kits”. This strategy could be used in clinical practice to improve
prediction capacity, early diagnosis and the monitorization of frailty
(Erusalimsky et al., 2016).

The assessment of a large panel of biomolecules (bioactive proteins,
including proinflammatory cytokines and metalloprotease, referred to
as the SASP involved in the pathogenesis and progression of frailty, is a
strategy of a model multivariate/multidimensional) (Calvani et al.,
2015). This approach strongly relies on the use of proteomics tech-
niques, that enable the identification of previously untargeted proteins,
as well as the detection of proteomic signatures reflecting specific
timeframes. As a result characterizing people at greater risk of devel-
oping frailty or pre-frailty, as well as frail patients at enhanced risk of
progressing towards a worse cognitive and functional decline (Frantzi
et al., 2014) are identified.

Hence, to understand the aetiology and consequences of frailty, new
methods should be designed to allow patients stratification, prevention,
early diagnosis, and treatment monitoring of frailty in the older popu-
lation. Currently, invasive tests are the gold standard identifying bio-
markers of inflammation processes by obtaining fluids like plasma and/
or serum. These tests are uncomfortable for individuals and require
highly trained personnel. By contrast, other more accessible proximal
fluids, such as saliva, are being studied to identify relevant biomarkers.
This approach has several advantages over other conventional ones,
such as reduced health costs as a result of non-invasive and stress-free
specimen collection that does not require specialized healthcare pro-
fessionals and settings. Furthermore, sample collection is safer and
simpler thanks to the possibility of self-collection. Therefore, repeated
specimen collection is not challenging either more straightforward
(Slade et al., 2003) comparisons between plasma and saliva proteomes
have indicated that 20-30 % of proteins found in saliva are present in
blood (Yan et al., 2009). Scientists have long recognised that saliva
serves as a mirror of health, containing the full repertoire of proteins,
hormones, antibodies and other analytes that are frequently measured in
the blood tests (Slowey, 2015). Also, the analysis of salivary is being
carried out for a wide range of conditions including oral cancers and
CVD (Gohel et al., 2018; Khurshid et al., 2018). Despite these advan-
tages, some biobanking features also need to be developed to highlight
the need for high-quality clinical salivary samples, collected under
standardised conditions, to provide an excellent biomarker validation
pipeline; the aim to finding new projects is to create new research to
discover diagnoses and treatments for frailty. This approach will have to
consider that the relationship between saliva and ageing is not a static
one and also that oral cavity harbours a variety of microbes, influencing
local and systemic health. Additionally, it is necessary to take into ac-
count that the strength and nature of the associations between saliva and
blood immune markers may depend on the oral and/or physical health
of the population under study. Acute illness or inflammation of the oral
or systemic compartment may affect the degree of correlation between
salivary and serum immune markers. In addition to oral, physical health,
age, smoking, blood contamination, test collection time and sleep
quality can have acute and chronic effects on the oral immune envi-
ronment, all these factors will have to be controlled (Riis et al., 2014).
Establishing measurement reliability is a key component of validating
new bio measures (de Almeida et al., 2008). It is worth mentioning that
findings on inflammatory markers in saliva are inconsistent and the
studies employ many differing single-plex or mono-plex approaches,
making it hard to compare their results (Slavish et al., 2015). In terms of
sample collection, most researchers collected saliva using the passive
drool method (salivette). Several studies have reported poor correlations
between saliva and blood for inflammatory markers (Minetto et al.,
2007; Sjogren et al., 2006; Riis et al., 2014), but others show a signifi-
cant correlation in those same biomarkers (Nam et al., 2019). This
correlation was identified in IL-1f, CRP and IL-6 (Nam et al., 2019). One
of the reasons for the inconsistencies across studies could be the time of
sampling (Slavish et al., 2015). Furthermore, although there is some
infiltration of protein from blood into saliva, as noted above, most
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proteins cannot easily cross the multiple barriers between these two
compartments. So, the question is whether these inflammatory markers
reflect a local or a systemic response. For example, IL-6 may come from
local tissue macrophages and the acinar cells of the salivary glands, and
consequently salivary IL-6 may reflect a local inflammatory response
rather than a systemic metabolic response. In terms of salivary inflam-
matory biomarkers for frailty, evidence suggests that the serum of frail
older people has increased levels of myeloid-derived suppressor cell
subset, which can suppress T cell responses, as well as the pro-
inflammatory cytokines required for the differentiation and resulting
immune dysfunction. For this reason, several studies have found higher
levels of inflammatory markers in saliva than in blood (Miller et al.,
2014).

Recently a study on IL-6 using saliva showed that has a significant
relationship with the levels of frailty and physical activity. In this study,
significant differences were detected between robust and fragile in-
dividuals in saliva concentrations (Gomez-Rubio et al., 2022).

Currently, the discovery phase of biomarker in human salivary fluids
relies on untargeted approaches that could resulting in the identification
of a vast number of potential biomarkers. Untargeted approaches are
also referred to as unbiased since the discovery of new putative bio-
markers is performed without any prior assumptions as to which ones
could be potentially promising. However, the methods for carrying out
an untargeted analysis tend to be relatively intensive and cannot handle
the immense complexity of the salivary fluid proteome. From a practical
point of view, this limits the analysis to the most abundant proteins,
which represent only a narrow or small fraction of the proteome.
Accordingly, an untargeted analysis may be more relevant when using
human salivary fluids rather than blood, such as fluids close to the
affected tissues. This approach can be used to identify an initial set of
protein targets that may be further evaluated using more sensitive
methods.

10. High-throughput molecular technologies for salivary
biomarker discovery in older adults

Rapid and simple molecular testing is important for the clinical
application of salivary inflammatory biomarkers. The methods used
range from more conventional immunoassays to the most advanced
techniques. Progress in several high throughput techniques in sample
analysis has allowed screening many individuals for many parameters.

Immunoassays are tests used to quantify specific biomarker levels
within a sample, using biomarker concentrations to generate a standard
curve. Its values are then interpolated onto the standard curve to define
biomarker levels (O’Brien et al., 2006; Haran et al., 2012). Standard
microplate readers used for immunoassays such as enzyme-linked im-
mune-absorbent assay (ELISA) include software that supports absor-
bance detection for bioassays and calculations of the corresponding
concentrations based on interpolation of the optical density onto the
standard curve (Xiao and Wong, 2012).

Different proteomics approaches have been used for the character-
ization of the proteome in proximal fluids. Mass spectrometry (MS) has
become one of the most powerful technologies in the last years in pro-
teomics characterization. The use of surface-enhanced laser desorption/
ionization time-of-flight (SELDI-TOF) mass spectrometry (MS), which
allows rapid, high-throughput detection of proteins in minute sample
volumes without pre-processing, can be used in the diagnosis of many
diseases. The use of mass spectrometry requires smaller amounts of
material and is higher throughput than the conventional sequencing
methods (Amado et al., 2005). Analysis of protein biomarker employing
two-dimensional difference gel electrophoresis (2D-DIGE) coupled with
MS (identification of 300 proteins approximately) and liquid
chromatography-MS (LC-MS) can identify >1050 proteins in a sample
(Hu et al., 2005; Xiao and Wong, 2012). It has been shown that only
1929 proteins can be analysed in human saliva, compared to the 3020
found in the plasma proteome, of which 597 can be found in common
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between two sample types (Ohshiro et al., 2007).

Another proteomic technique is the Matrix-Assisted Laser Desorp-
tion/Ionization Time Of Flight (MALDI- TOF) mass spectrometry (MS/
MS) analysis (Schwartz et al., 1995). MALDI-TOF, SELDI-TOF and SDS-
PAGE (sodium dodecyl sulfate [SDS], polyacrylamide gel electropho-
resis [PAGE] and isoelectric focusing [IEF]) are the most widely used
techniques. The first and the second ones have been employed to study
the protein composition of whole saliva and specific gland saliva, with or
without stimulation, which allowed the separation of >30 bands (Filaire
et al., 2004). A weakness of IEF using carrier ampholytes is the need for
prior desalting of samples, which is time-consuming and could lead to
protein loss.

A screening advantage of SELDI-TOF-MS over MALDI-TOF-MS is its
ability to perform a miniaturized on-chip prefractionation of saliva
samples. Optimization of buffer systems can potentially increase reso-
lution and the results help in the design of purification schemes to isolate
specific salivary proteins with classical chromatographic methods
(Schipper et al., 2007). Salivary protein gels are not different from the
protocols used for staining other kinds of samples, including Coomassie
blue (higher detection limits), silver staining and fluorescent dyes (high
dynamic range). Problems associated with 2DE include poor recovery of
hydrophobic proteins and limited resolving power for proteins with
low/high relative molecular mass (Ms) or basic pls (Peng et al., 2003). A
disadvantage of the use of polyacrylamide gels is their inability to
resolve and detect the low-molecular-weight proteome (<10 kDa).

Then, Multiple Reaction Monitoring (MRM) or Selected Ion Moni-
toring (SRM) has emerged as the method of choice for performing
validation with a large number of candidate biomarkers for validation/
verification in saliva and other fluids.

MRM is a tandem mass spectrometric technique (MS/MS) that is
performed on triple-quadrupole mass spectrometers. This technique
involves the selection of a precursor ion, a peptide that acts as a surro-
gate for the protein of interest, which is selected by the first quadrupole.
The precursor ion (protonated intact peptide) is then fragmented in the
second quadrupole, and one of the fragments is selected by the third
quadrupole, reaching the detector. This precursor/product ion pair is
referred to as a transition and the quantitation of the protein is based on
the signal that reaches the detector. This fragmentation occurs in an LC/
MRM-MS experiment on a millisecond time scale; different transitions
can be selected as a function of the retention time. This type of analysis
allows the quantification of hundreds to thousands of peptides/proteins,
and as a consequence, the proteins present in the sample (Cheng et al.,
2020).

Finally, it can be important to highlight that multiplex-MRM assays
can be employed as biomarker discovery platforms due to their feasi-
bility in the quantitative identification of up to several hundreds of
proteins in a single LC/MRM-MS analysis; hence, this platform could be
compared with protein microarrays. Several biomarker studies have
been performed using this approach.

In general, the performance of MRM was at least as successful as
ELISA in several other pathologies Optimal performance is expected to
be achieved in frailty, as described in SASP-Atlas (Proteomics atlas of
senescence-associated-secretome for ageing biomarker development)
recently developed by Birgit Schilling and collaborators (Basisty et al.,
2019). This is the first database containing the contents of exosome and
soluble secretomes, that can be used to identify SASP components or
biomarkers candidates for senescence burden and identify SASP com-
ponents, ageing and related diseases (Nelson et al., 2012).

One aspect to keep in mind is that there is a difference between
biomarkers that fail during the verification process and those that
cannot even be evaluated, mostly due to a lack of suitable antibodies or
affinity reagents. In fact, in both situations, the biomarkers are
commonly considered unverifiable.

Another important aspect is the cost of a complete discovery-to-
verification study. Anderson et al. discussed the challenges and costs
of performing a complete discovery-to-verification study (Anderson
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11. Discussion

Frailty is associated with adverse ageing and is a growing public
health problem worldwide, leading to severe impairment in people who
suffer from it. This chronic condition is associated with comorbidities
and high healthcare costs. Given both its health and economic impact,
biomarkers for early intervention and prevention are crucial. Salivary
fluids offer an advantage over blood since they are easily accessible and
safe to collect. Inflammatory response and hence inflammatory proteins
have been shown to play a role in many clinically relevant diseases.
Further research is needed to better determine the clinical relevance of
salivary inflammatory biomarkers.

Currently, there is limited literature that focuses on the study of
salivary inflammatory biomarkers and even less so regarding frailty
syndrome. Studies on the viability and validity of salivary inflammatory
markers in frailty would be highly valuable for research and clinical
purposes. Thus, clinical studies with large sample cohorts need to be
designed and performed to enable the examination of multifactorial
aspects (such as age, gender personality factors or socio-economic status
that may potentially alter stress levels, stress responses and immune
function) involved in frailty, which could establish a direct correlation
that might increase knowledge on this pathology. Recent advances in
high throughput protein analysis techniques make this type of high scale
screening feasible. This opens up an opportunity to exploit the potential
of salivary inflammatory biomarkers in frailty screening and
management.

12. Conclusions and futures perspectives

Considering the biological and clinical findings obtained thus far
concerning the complexity of frailty syndrome, its incidence has grown
in the last years. It has been observed that many of the clinical alter-
ations in this syndrome are related to immune dysfunction that initially
occurs at the protein level. For this reason, it is crucial to study and
identify proteins, inflammatory biomarkers in this case, using saliva as a
proximal fluid, which has been shown to have a high protein level.
Hence, non-invasive collection of salivary fluids, as well as the use of
sensitive methods and molecular techniques for proteomic analysis in
translational biomedical research, allow for diagnosis, prognosis and
prediction of the best treatment for frailty.

CRediT authorship contribution statement

Alfonssina Niebla-Cardenas performed the literature search and
wrote the manuscript. Halin Bareke wrote the manuscript. Manuel
Fuentes Garcia carried out the design and conceptualization of the
manuscript. Halin Bareke, Ana Silvia Puente-Gonzalez, Roberto Méndez
Sanchez and Manuel Fuentes Garcia reviewed the manuscript. Eva
Arroyo-Anllo, Pablo Juanes-Velasco, Alicia Landeira-Vinuela, Angela-
Patricia Herndndez, Enrique Montalvillo, Rafael Géngora discussed
the manuscript. All authors edited the manuscript and approved the
submitted version.

Declaration of competing interest

The authors declare that the research was conducted in the absence
of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Data availability

No data was used for the research described in the article.

11

Experimental Gerontology 171 (2023) 112040
Acknowledgements

We gratefully acknowledge financial support from the Spanish
Health Institute Carlos III (ISCIII) for the grants: FIS PI17/01930, FIS
PI121/01545 and CB16,/12/00400. We also acknowledge Fondos FEDER
(EU) and the Regional Government of Castilla-Leén (COVID19 grant
COV20EDU/00187). Fundacién Solérzano FS/38-2017. The Proteomics
Unit belongs to ProteoRed, PRB3-ISCIIL, supported by the grant PT17/
0019/0023, of the PEI + D + 12017-2020, funded by ISCIII and FEDER.
A. Landeira-Vinuela is supported by the 800th Anniversary-USAL PhD
Program, P. Juanes-Velasco is supported by the JCYL PhD Program and
the scholarship JCYL-EDU/601,/2020. Halin Bareke is supported by EU-
H2020 grant.

This is a short text to acknowledge the contributions of specific
colleagues, institutions, or agencies that have supported the efforts of
the authors.

References

Abbatecola, A.M., Ferrucci, L., Grella, R., Bandinelli, S., Bonafe, M., Barbieri, M.,
Corsi, A.M., Laurentani, F., Franceschi, C., Paolisso, G., 2004. Diverse effect of
inflammatory markers on insulin resistance and insulin-resistance syndrome in the
elderly. J. Am. Geriatr. Soc. 52, 399-404. https://doi.org/10.1111/j.1532-
5415.2004.52112.x.

Ahadi, S., Zhou, W., Rose, S.M.S.F., Sailani, M.R., Contrepois, K., Avina, M.,

Ashlanda, M., Brunet, A., Snyder, M., 2020. Personal aging markers and ageotypes
revealed by deep longitudinal profiling. Nat. Med. 26, 83-90. https://doi.org/
10.1038/5s41591-019-0719-5.

Amado, F.M.L., Vitorino, R.M.P., Domingues, P.M.D.N., Lobo, M.J.C., Duarte, J.A.R.,
2005. Analysis of the human saliva proteome. Expert Rev. Proteom. 2, 521-539.
https://doi.org/10.1586,/14789450.2.4.521.

Amblas-Novellas, J., Martori, J.C., Molist, N.M., Oller, R., Gémez-Batiste, X., Panicot, J.
E., 2017. Frail-VIG index: Design and evaluation of a new frailty index based on the
Comprehensive Geriatric Assessment. Rev. Esp. Geriatr. Gerontol. 52, 119-127.
https://doi.org/10.1016/j.regg.2016.09.003.

Amouzougan, A., Lafaie, L., Marotte, H., Dénarié, D., Collet, P., Pallot-Prades, B.,
Thomas, T., 2017. High prevalence of dementia in women with osteoporosis. Joint
Bone Spine. 84, 611-614. https://doi.org/10.1016/j.jbspin.2016.08.002.

Andersen, C.J., Murphy, K.E., Fernandez, M.L., 2016. Impact of obesity and metabolic
syndrome on immunity. Adv. Nutr. 7, 66-75. https://doi.org/10.3945/
an.115.010207.

Anderson, N.L., Razavi, M., Pope, M.E., Yip, R., Pearson, T.W., 2019. Multiplexed
Measurement of Protein Biomarkers in High-frequency Longitudinal Dried Blood
Spot (DBS) Samples Characterization of Inflammatory Responses. BioRxiv. https://
doi.org/10.1101/643239.

Aziz, S., Ahmed, S.S., Ali, A., Khan, F.A., Zulfigar, G., Igbal, J., Khan, A.A., Shoaib, M.,
2015. Salivary immunosuppressive cytokines IL-10 and IL-13 are significantly
elevated in oral squamous cell carcinoma patients. Cancer Investig. 33, 318-328.
https://doi.org/10.3109/07357907.2015.1041642.

Bailly, S., Haesebaert, J., Decullier, E., Dargent-Molina, P., Annweiler, C., Beauchet, O.,
Schott, A., Rabilloud, M., 2014. Mortality and profiles of community-dwelling
fallers. Results from the EPIDOS cohort. Maturitas 79, 334-339. https://doi.org/
10.1016/j.maturitas.2014.07.017.

Basisty, N., Kale, A., Jeon, O.H., Kuehnemann, C., Payne, T., Rao, C., Holtz, A., Shah, S.,
Sharma, V., Ferrucci, L., Campisi, J., Schilling, B., 2019. A proteomic atlas of
senescence-associated secretomes for aging biomarker development. PLoS Biol.
1-26. https://doi.org/10.1101/604306.

Baylis, D., Bartlett, D.B., Syddall, H.E., Ntani, G., Gale, C.R., Cooper, C., Lord, J.M.,
Sayer, A.A., 2013. Immune-endocrine biomarkers as predictors of frailty and
mortality: a 10-year longitudinal study in community-dwelling older people. Age.
35, 963-971. https://doi.org/10.1007/s11357-012-9396-8.

Biagi, E., Nylund, L., Candela, M., Ostan, R., Bucci, L., Pini, E., Nikkila, J., Monti, D.,
Satoki, R., Franceschi, C., Brigidi, P., de Vos, W., 2010. Through ageing, and beyond:
gut microbiota and inflammatory status in seniors and centenarians. PLoS ONE 5.
https://doi.org/10.1371/journal.pone.0010667.

Bonafede, M., Shi, N., Barron, R., Li, X., Crittenden, D.B., Chandler, D., 2016. Predicting
imminent risk for fracture in patients aged 50 or older with osteoporosis using US
claims data. Arch. Osteoporos. 11 https://doi.org/10.1007/511657-016-0280-5.

Calvani, R., Marini, F., Cesari, M., Tosato, M., Anker, S.D., von Haehling, S., Miller, R.R.,
Bernabei, R., Landi, F., Marzetti, E., SPRINTT Consortium, 2015. Biomarkers for
physical frailty and sarcopenia: state of the science and future developments.

J. Cachexia Sarcopenia Muscle 6, 278-286. https://doi.org/10.1002/jcsm.12051.

Cardoso, A.L., Fernandes, A., Aguilar-Pimentel, J.A., de Angelis, M.H., Guedes, J.R.,
Brito, M.A., Ortolano, S., Pani, G., Athanasopoulou, S., Gonos, E.S., Schosserer, M.,
Grillari, J., Peterson, P., Tuna, B.G., Dogan, S., Meyer, A., Os, R., Trendelenburg, A.
U., 2018. Towards frailty biomarkers: candidates from genes and pathways regulated
in aging and age-related diseases. Ageing Res. Rev. 47, 214-277. https://doi.org/
10.1016/j.arr.2018.07.004.

Casas-Herrero, A., Anton-Rodrigo, 1., Zambom-Ferraresi, F., Sdez De Asteasu, M.L.,
Martinez-Velilla, N., Elexpuru-Estomba, J.M., Izquierdo, M., 2019. Effect of a


https://doi.org/10.1111/j.1532-5415.2004.52112.x
https://doi.org/10.1111/j.1532-5415.2004.52112.x
https://doi.org/10.1038/s41591-019-0719-5
https://doi.org/10.1038/s41591-019-0719-5
https://doi.org/10.1586/14789450.2.4.521
https://doi.org/10.1016/j.regg.2016.09.003
https://doi.org/10.1016/j.jbspin.2016.08.002
https://doi.org/10.3945/an.115.010207
https://doi.org/10.3945/an.115.010207
https://doi.org/10.1101/643239
https://doi.org/10.1101/643239
https://doi.org/10.3109/07357907.2015.1041642
https://doi.org/10.1016/j.maturitas.2014.07.017
https://doi.org/10.1016/j.maturitas.2014.07.017
https://doi.org/10.1101/604306
https://doi.org/10.1007/s11357-012-9396-8
https://doi.org/10.1371/journal.pone.0010667
https://doi.org/10.1007/s11657-016-0280-5
https://doi.org/10.1002/jcsm.12051
https://doi.org/10.1016/j.arr.2018.07.004
https://doi.org/10.1016/j.arr.2018.07.004

A. Niebla-Cardenas et al.

multicomponent exercise programme (VIVIFRAIL) on functional capacity in frail
community elders with cognitive decline: study protocol for a randomized
multicentre control trial. Trials 201-212. https://doi.org/10.1186/s13063-019-
3426-0.

Cattaneo, A., Cattane, N., Galluzzi, S., Lopizzo, N., Festari, C., Ferrari, C., Guerra, U.P.,
Paghera, B., Muscio, C., Bianchetti, A., Volta, G.D., Tural, M., Cotelli, M.S.,
Gennus, M., Prelle, A., Zanetti, O., Lussignoli, G., Mirabile, D., Bellandi, D.,
Gentile, S., Belotti, G., Villani, T., Harach, T., Bolmont, T., Padovani, A.,

Boccardi, M., Frisoni, G.B., 2016. Association of brain amyloidosis with pro-
inflammatory gut bacterial taxa and peripheral inflammation markers in cognitively
impaired elderly. Neurobiol. Aging 49, 60-69. https://doi.org/10.1016/].
neurobiolaging.2016.08.019.

Cesari, M., Landi, F., Vellas, B., Bernabei, R., Marzetti, E., 2014. Sarcopenia and physical
frailty: two sides of the same coin. Front. Aging Neurosci. 6, 192. https://doi.org/
10.3389/fnagi.2014.00192.

Cheng, J., Nonaka, T., Ye, Q., Wei, F., Wong, D.T.W., 2020. In: Granger, D.A., Taylor, M.
K. (Eds.), Salivaomics, Saliva-Exosomics, and Saliva Liquid Biopsy. Salivary
Bioscience, Los Angeles, CA, USA, pp. 157-179. https://doi.org/10.1007/978-3-
030-35784-9_8157.

Collerton, J., Martin-Ruiz, C., Davies, K., Hilkens, C.M., Isaacs, J., Kolenda, C., Parker, C.,
Dunn, M., Catt, M., Jagger, C., Zglinicki, T., Kirkwood, T.B.L., 2012. Frailty and the
role of inflammation, immunosenecence and cellular ageing in the very old: cross-
selectional finding from the newcastel 85+study. Mech. Ageing Dev. 133, 456-466.
https://doi.org/10.1016/j.mad.2012.05.005.

Coppé, J.P., Patil, C.K., Rodier, F., Sun, Y., Munoz, D.P., Goldstein, J., Nelson, P.S.,
Desprez, P.Y., Campisi, J., 2008. Senescence-associated secretory phenotypes reveal
cell-nonautonomous functions of oncogenic RAS and the p53 tumor suppressor. PLoS
Biol. 6 https://doi.org/10.1371/journal.pbio.0060301.

Crow, M., Lim, N., Ballouz, S., Pavlidis, P., Gillis, J., 2019. Predictability of human
differential gene expression. PNAS 116, 6491-6500. https://doi.org/10.1073/
pnas.1802973116.

Davies, B., Garcia, F., Ara, L., Artalejo, F.R., Rodriguez-Manas, L., Walter, S., 2018.
Relationship between sarcopenia and frailty in the Toledo study of healthy aging: a
population based cross-sectional study. J. Am. Med. Dir. Assoc. 19, 282-286.
https://doi.org/10.1016/j.jamda.2017.09.014.

de Almeida, P.D.V., Gregio, A.M., Machado, M.A., De Lima, A.A., Azevedo, L.R., 2008.
Saliva composition and functions: a comprehensive review. J. Contemp. Dent. Pract.
9, 72-80.

De Felice, F.G., Ferreira, S.T., 2014. Inflammation, defective insulin signaling, and
mitochondrial dysfunction as common molecular denominators connecting type 2
diabetes to alzheimer disease. Diabetes 63, 2262-2272. https://doi.org/10.2337/
db13-1954.

De Martinis, M., Franceschi, C., Monti, D., Ginaldi, L., 2006. Inflammation markers
predicting frailty and mortality in the elderly. Exp. Mol. Pathol. 80, 219-227.
https://doi.org/10.1016/j.yexmp.2005.11.004.

Desquilbet, L., Jacobson, L.P., Fried, L.P., Phair, J.P., Jamieson, B.D., Holloway, M.,
Margolick, J.B., 2007. HIV-1 infection is associated with an earlier occurrence of a
phenotype related to frailty. J. Gerontol. A Biol. Sci. Med. Sci. 62, 1279-1286.
https://doi.org/10.1093/gerona/62.11.1279.7.

Desquilbet, L., Margolick, J.B., Fried, L.P., Phair, J.P., Jamieson, B.D., Holloway, M.,
Jacobson, L.P., 2009. Relationship between a frailty-related phenotype and
progressive deterioration of the immune system in HIV- infected men. J. Acquir.
Immune Defic. Syndr. 50, 299-306.

Dewan, S.K., Zheng, S.B., Xia, S.J., Bill, K., 2012. Senescent remodeling of the immune
system and its contribution to the predisposition of the elderly to infections. Chin.
Med. J. 125, 3325-3331. https://doi.org/10.3760/cma.j.issn.0366-
6999.2012.18.023.

Dhanwal, D.K., Dennison, E.M., Harvey, N.C., Cooper, C., 2011. Epidemiology of hip
fracture: worldwide geographic variation. Indian J. Orthop. 45, 15-22. https://doi.
0rg/10.4103/0019-5413.73656.

Di Sabatino, A., Lenti, M.V., Cammalleri, L., Corazza, G.R., Pilotto, A., 2018. Frailty and
the gut. Dig. Liver Dis. 50, 533-541. https://doi.org/10.1016/j.d1d.2018.03.010.

Donmez, G., Wang, D., Cohen, D.E., Guarente, L., 2014. Retraction notice to: SIRT1
suppresses f-amyloid production by activating the a-secretase gene ADAM10. Cell
158, 959. https://doi.org/10.1126/science.1249098.

Duggal, N.A., Beswetherick, A., Upton, J., Hampson, P., Phillips, A.C., Lord, J.M., 2014.
Depressive symptoms in hip fracture patients are associated with reduced monocyte
superoxide production. Exp. Gerontol. 54, 27-34. https://doi.org/10.1016/j.
exger.2014.01.028.

Edwards, C., Counsell, A., Boulton, C., Moran, C.G., 2008. Early infection after hip
fracture surgery: risk factors, costs and outcome. J. Bone Joint Surg. Br. 90, 770-777.
https://doi.org/10.1302/0301-620X.90B6.20194.

Egorov, E.S., Kasatskaya, S.A., Zubov, V.N., Izraelson, M., Nakonechnaya, T.O.,
Staroverov, D.B., Angius, A., Cucca, F., Mamedov, I.Z., Rosati, E., Franke, A.,
Shugay, M., Pogorelyy, M.V., Chudakov, D.M., Britanova, O.V., 2018. The changing
landscape of naive T cell receptor repertoire with human aging. Front. Immunol. 9,
1-12. https://doi.org/10.3389/fimmu.2018.01618.

Eguchi, R., Karim, M.B., Hu, P., Sato, T., Ono, N., Kanaya, S., Altaf-Ul-Amin, M., 2018.
An integrative network-based approach to identify novel disease genes and
pathways: a case study in the context of inflammatory bowel disease. BMC
Bioinformatics. 19, 1-12. https://doi.org/10.1186/512859-018-2251-x.

Engeland, C.G., Bosch, J.A., Rohleder, N., 2019. Salivary biomarkers in
psychoneuroimmunology. Curr. Opin. Behav. Sci. 28, 58-65. https://doi.org/
10.1016/j.cobeha.2019.01.007.

Erusalimsky, J.D., Grillari, J., Grune, T., Jansen-Duerr, P., Lippi, G., Sinclair, A.J.,
Tegnér, J., Vina, J., Durrance-Bagale, A., Minambres, R., Viegas, M., Rodriguez-

12

Experimental Gerontology 171 (2023) 112040

Manas, L., FRAILOMIC Consortium, 2016. In search of *omics’-based biomarkers to
predict risk of frailty and its consequences in older individuals: the FRAILOMIC
Initiative. Gerontology 62, 182-190.

Fabbri, E., An, Y., Zoli, M., Simonsick, E.M., Guralnik, J.M., Bandinelli, S., Boyd, C.M.,
Ferrucci, L., 2015. Aging and the burden of multimorbidity: associations with
inflammatory and anabolic hormonal biomarkers. J. Gerontol. A Biol. Sci. Med. Sci.
70, 63-70. https://doi.org/10.1093/gerona/glul27.

Fabbri, E., Chiles Shaffer, N., Gonzalez-Freire, M., Shardell, M.D., Zoli, M., Studenski, S.
A., Ferrucci, L., 2017. Early body composition, but not body mass, is associated with
future accelerated decline in muscle quality. J. Cachexia Sarcopenia Muscle 8,
490-499. https://doi.org/10.1002/jcsm.12183.

Farrell, S., Mitnitski, A., Rockwood, K., Rutenberg, A., 2020. Generating synthetic aging
trajectories with a weighted network model using cross-sectional data. Sci. Rep. 10,
1-11. https://doi.org/10.1038/s41598-020-76827-3.

Feenstra, M., Oud, F.M.M., Jansen, C.J., Smidt, N., van Munster, B.C., de Rooij, S.E.,
2021. Reproducibility and responsiveness of the frailty index and frailty phenotype
in older hospitalized patients. BMC Geriatr. 21, 1-10. https://doi.org/10.1186/
$12877-021-02444-y.

Feijoo, M.V., Pernas, F.O., Callejas, A.S., Garcia, C.V., Espuna, I.P., del Val Garcia, J.L.,
2022. Impact of Frailty and COVID-19 in a Cohort of Elderly People in the City of
Barcelona. In: [Impacto de la fragilidad y COVID-19 en una cohorte de gente mayor
de la ciudad de Barcelona], 54. Atencion primaria: Publicacion oficial de la Sociedad
Espanola de Familia y Comunitaria, p. 4.

Feng, L., Zin Nyunt, M.S., Gao, Q., Feng, L., Yap, K.B., Ng, T.P., 2017. Cognitive frailty
and adverse health outcomes: findings from the Singapore longitudinal ageing
studies (SLAS). J. Am. Med. Assoc. 18, 252-258. https://doi.org/10.1016/j.
jamda.2016.09.015.

Ferrucci, L., Fabbri, E., 2018. Inflammageing: chronic inflammation in ageing,
cardiovascular disease, and frailty. Nat. Rev. Cardiol. 15 (9), 505-522. https://doi.
org/10.1038/541569-018-0064-2.

Ferrucci, L., Harris, T.B., Guralnik, J.M., Tracy, R.P., Corti, M.C., Cohen, H.J.,

Penninx, B., Pahor, M., Wallace, R., Havlik, R.J., 1999. Serum IL-6 level and the
development of disability in older persons. J. Am. Geriatr. Soc. 47, 639-646. https://
doi.org/10.1515/9783110432251-103.

Ferrucci, L., Corsi, A., Lauretani, F., Bandinelli, S., Bartali, B., Taub, D.D., Guralnik, J.,
Longo, D.L., 2005. The origins of age-related proinflammatory state. Blood 105,
2294-2299. https://doi.org/10.1182/blood-2004-07-2599.

Filaire, E., Bonis, J., Lac, G., 2004. Relationships between physiological and
psychological stress and salivary immunoglobulin a among young female gymnasts.
Percept. Mot. Skills 99, 605-617. https://doi.org/10.2466/pms.99.2.605-617.

Franceschi, C., Monti, D., Sansoni, P., Cossarizza, A., 1995. The immunology of
exceptional individuals: the lesson of centenarians. Immunol. Today 16, 12-16.
https://doi.org/10.1016/0167-5699(95)80064-6.

Franceschi, C., Valensin, S., Lescai, F., Olivieri, F., Licastro, F., Grimaldi, L.M., Monti, E.
D., Bemedicts, G.De, Bonafe, M., 2001. Neuroinflammation and the genetics of
Alzheimer’s disease: the search for a pro-inflammatory phenotype. Aging 13,
163-170. https://doi.org/10.1007/bf03351475.

Frantzi, M., Bhat, A., Latosinska, A., 2014. Clinical proteomic biomarkers: relevant issues
on study design & technical considerations in biomarker development. Clin. Transl.
Med. 3, 7.

Frasca, D., Diaz, A., Romero, M., Garcia, D., Blomberg, B.B., 2020. B cell
immunosenescence. Annu. Rev. Cell Dev. Biol. 36, 551-574. https://doi.org/
10.1146/annurev-cellbio-011620-034148.

Fried, L.P., Tangen, C.M., Walston, J., Newman, A.B., Hirsch, C., Gottdiener, J.,
Seeman, T., Tracy, R., Kop, W.J., Burke, G., McBurnie, M.A., 2001. Frailty in older
adults: evidence for a phenotype. J. Gerontol. A Biol. Sci. Med. Sci. 56, 146-157.
https://doi.org/10.1093/gerona/56.3.m146.

Friedland, R.P., 2015. Mechanisms of molecular mimicry involving the microbiota in
neurodegeneration. J. Alzheimers Dis. 45, 349-362. https://doi.org/10.3233/JAD-
142841.

Fulop, T., Dupuis, G., Fortin, C., Douziech, N., Larbi, A., 2006. T cell response in aging:
influence of cellular cholesterol modulation. In: Tsoukas, C. (Ed.), Lymphocyte
Signal Transduction. Adv Exp Med Biol, San Diego USA, pp. 157-158.

Fulop, T., Fortin, C., Lesur, O., Dupuis, G., Kotb, J.R., Lord, J.M., Larbi, A., 2012. The
innate immune system and aging: what is the contribution to immunosenescence?
Open Longev. Sci. 6, 121-132. https://doi.org/10.2174/1876326X01206010121.

Fulop, T., Dupuis, G., Baehl, S., Le Page, A., Bourgade, K., Frost, E., Witkowski, J.M.,
Pawelec, G., Larbi, S.C., Cunnane, S., 2016. From inflamm-aging to immune-
paralysis: a slippery slope during aging for immune-adaptation. Biogerontology 17,
147-157. https://doi.org/10.1007/510522-015-9615-7.

Fulop, T., Larbi, A., Dupuis, G., Le Page, A., Frost, E.H., Cohen, A.A., Witkowski, J.M.,
Franceschi, C., 2018. Immunosenescence and inflamm-aging as two sides of the same
coin: friends or Foes? Front. Immunol. 8 https://doi.org/10.3389/
fimmu.2017.01960.

Fiilop, T., Larbi, A., Witkowski, J.M., 2019. Human inflammaging. Gerontology 65,
495-504. https://doi.org/10.1159/000497375.

Gale, C.R., Baylis, D., Cooper, C., Sayer, A.A., 2013. Inflammatory markers and incident
frailty in men and women: the english longitudinal study of ageing. Age. 35,
2493-2501. https://doi.org/10.1007/511357-013-9528-9.

Ganter, U., Arcone, R., Toniatti, C., Morrone, G., Ciliberto, G., 1989. Dual control of C-
reactive protein gene expression by interleukin-1 and interleukin-6. EMBO J.
https://doi.org/10.1002/j.1460-2075.1989.tb08554.x.

Garcia-Nogueras, 1., Aranda-Reneo, 1., Pena-Longobardo, L.M., Oliva-Moreno, J.,
Abizanda, P., 2017. Use of health resources and healthcare costs associated with
nutritional risk: the FRADEA study. J. Nutr. Health Aging 21, 207-214. https://doi.
org/10.1007/512603-016-0727-9.


https://doi.org/10.1186/s13063-019-3426-0
https://doi.org/10.1186/s13063-019-3426-0
https://doi.org/10.1016/j.neurobiolaging.2016.08.019
https://doi.org/10.1016/j.neurobiolaging.2016.08.019
https://doi.org/10.3389/fnagi.2014.00192
https://doi.org/10.3389/fnagi.2014.00192
https://doi.org/10.1007/978-3-030-35784-9_8157
https://doi.org/10.1007/978-3-030-35784-9_8157
https://doi.org/10.1016/j.mad.2012.05.005
https://doi.org/10.1371/journal.pbio.0060301
https://doi.org/10.1073/pnas.1802973116
https://doi.org/10.1073/pnas.1802973116
https://doi.org/10.1016/j.jamda.2017.09.014
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611545336
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611545336
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611545336
https://doi.org/10.2337/db13-1954
https://doi.org/10.2337/db13-1954
https://doi.org/10.1016/j.yexmp.2005.11.004
https://doi.org/10.1093/gerona/62.11.1279.7
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611533759
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611533759
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611533759
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611533759
https://doi.org/10.3760/cma.j.issn.0366-6999.2012.18.023
https://doi.org/10.3760/cma.j.issn.0366-6999.2012.18.023
https://doi.org/10.4103/0019-5413.73656
https://doi.org/10.4103/0019-5413.73656
https://doi.org/10.1016/j.dld.2018.03.010
https://doi.org/10.1126/science.1249098
https://doi.org/10.1016/j.exger.2014.01.028
https://doi.org/10.1016/j.exger.2014.01.028
https://doi.org/10.1302/0301-620X.90B6.20194
https://doi.org/10.3389/fimmu.2018.01618
https://doi.org/10.1186/s12859-018-2251-x
https://doi.org/10.1016/j.cobeha.2019.01.007
https://doi.org/10.1016/j.cobeha.2019.01.007
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611390638
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611390638
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611390638
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611390638
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611390638
https://doi.org/10.1093/gerona/glu127
https://doi.org/10.1002/jcsm.12183
https://doi.org/10.1038/s41598-020-76827-3
https://doi.org/10.1186/s12877-021-02444-y
https://doi.org/10.1186/s12877-021-02444-y
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611007841
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611007841
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611007841
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611007841
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260611007841
https://doi.org/10.1016/j.jamda.2016.09.015
https://doi.org/10.1016/j.jamda.2016.09.015
https://doi.org/10.1038/s41569-018-0064-2
https://doi.org/10.1038/s41569-018-0064-2
https://doi.org/10.1515/9783110432251-103
https://doi.org/10.1515/9783110432251-103
https://doi.org/10.1182/blood-2004-07-2599
https://doi.org/10.2466/pms.99.2.605-617
https://doi.org/10.1016/0167-5699(95)80064-6
https://doi.org/10.1007/bf03351475
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260610037522
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260610037522
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260610037522
https://doi.org/10.1146/annurev-cellbio-011620-034148
https://doi.org/10.1146/annurev-cellbio-011620-034148
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.3233/JAD-142841
https://doi.org/10.3233/JAD-142841
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260610013780
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260610013780
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260610013780
https://doi.org/10.2174/1876326X01206010121
https://doi.org/10.1007/s10522-015-9615-7
https://doi.org/10.3389/fimmu.2017.01960
https://doi.org/10.3389/fimmu.2017.01960
https://doi.org/10.1159/000497375
https://doi.org/10.1007/s11357-013-9528-9
https://doi.org/10.1002/j.1460-2075.1989.tb08554.x
https://doi.org/10.1007/s12603-016-0727-9
https://doi.org/10.1007/s12603-016-0727-9

A. Niebla-Cardenas et al.

Garlanda, C., Dinarello, C.A., Mantovani, A., 2013. In: The Interleukin-1 Family: Back to
the Future, 39, pp. 1003-1018. https://doi.org/10.1016/j.immuni.2013.11.010.

Giacomini, A., Ghedini, G.C., Presta, M., Ronca, R., 2018. Long pentraxin 3: a novel
multifaceted player in cancer. Biochim. Biophys. Acta Rev. Cancer 1869, 53-63.
https://doi.org/10.1016/j.bbcan.2017.11.004.

Gohel, V., Jones, J.A., Wehler, C.J., 2018. Salivary biomarkers and cardiovascular
disease: a systematic review. Clin. Chem. Lab. Med. 56, 1432-1442. https://doi.org/
10.1515/cclm-2017-1018.

Gomez-Rubio, P., Trapero, L., Cauli, O., Buigues, C., 2022. Salivary IL-6 concentration is
associated with frailty syndrome in older individuals. Diagnostics 12, 117.

Goodsell, D.S., 2005. The molecular perspective: tamoxifen and the estrogen receptor.
Stem Cells 10, 758-759. https://doi.org/10.1634/stemcells.20-3-267.

Goyal, B., Goyal, D., 2020. Targeting the dimerization of the Main protease of
coronaviruses: a potential broad-Spectrum therapeutic strategy. ACS Comb. Sci. 22,
297-305. https://doi.org/10.1021/acscombsci.0c00058.

Gray, S.L., Anderson, M.L., Hubbard, R.A., Lacroix, A., Crane, P.K., McCormick, W.,
Bowen, J.D., McCurry, S.M., Larson, E.B., 2013. Frailty and incident dementia.

J. Gerontol. A Biol. Sci. Med. Sci. 68, 1083-1090. https://doi.org/10.1093/gerona/
glt013.

Grosicki, G.J., Fielding, R.A., Lustgarten, M.S., 2018. Gut microbiota contribute to age-
related changes in skeletal muscle size, composition, and function: biological basis
for a gut-muscle Axis. Calcif. Tissue Int. 102, 433-442. https://doi.org/10.1007/
s00223-017-0345-5.

Hajek, A., Bock, J.O., Saum Matschinger, K.U.H., Brenner, H., Holleczek, B., Haefeli, W.
E., Heider, D., K6nig, H.H., 2018. Frailty and healthcare costs-longitudinal results of
a prospective cohort study. Age Ageing 47, 233-241. https://doi.org/10.1093/
ageing/afx157.

Han, E.S., Lee, Y., Kim, J., 2014. Association of cognitive impairment with frailty in
community-dwelling older adults. Int. Psychogeriatr. 26, 155-163. https://doi.org/
10.1017/51041610213001841.

Hagq, K., McElhaney, J.E., 2014. Ageing and respiratory infections: the airway of ageing.
Immunol. Lett. 162, 323-328. https://doi.org/10.1016/j.imlet.2014.06.009.

Haran, J.P., Suner, S., Gardiner, F., 2012. Correlation of C-reactive protein to severity of
symptoms in acute influenza a infection. J. Emerg. Trauma Shock 5, 149-152.
https://doi.org/10.4103/0974-2700.96484.

Harding, A., Gonder, U., Robinson, S.J., Crean, S.J., Singhrao, S.K., 2017. Exploring the
association between Alzheimer’s disease, oral health, microbial endocrinology and
nutrition. Front. Aging Neurosci. 9, 1-13. https://doi.org/10.3389/
fnagi.2017.00398.

Hiles, S.A., Baker, A.L., de Malmanche, T., Attia, J., 2012. A meta-analysis of differences
in IL-6 and IL-10 between people with and without depression: exploring the causes
of heterogeneity. Brain Behav. Immun. 26, 1180-1188. https://doi.org/10.1016/j.
bbi.2012.06.001.

Howlett, S.E., Rockwood, K., 2013. New horizons in frailty: ageing and the deficit-scaling
problem. Age Ageing 42, 416-423. https://doi.org/10.1093/ageing/aft059.

Hu, S., Xie, Y., Ramachandran, P., Ogorzalek Loo, R.R., Li, Y., Loo, J.A., Wong, D.T.,
2005. Large-scale identification of proteins in human salivary proteome by liquid
chromatography/mass spectrometry and two-dimensional gel electrophoresis-mass
spectrometry. Proteomics 5, 1714-1728. https://doi.org/10.1002/pmic.200401037.

Hubbard, 1.J., Parsons, M.W., Neilson, C., Carey, L.M., 2009. Task-specific training:
evidence for and translation to clinical practice. Occup. Ther. Int. 16, 175-189.
https://doi.org/10.1002/0ti.275.

Hubbard, R.E., Lang, .A., Llewellyn, D.J., Rockwood, K., 2010. Frailty, body mass index,
and abdominal obesity in older people. J. Gerontol. A Biol. Sci. Med. Sci. 65,
377-381. https://doi.org/10.1093/gerona/glp186.

Hughes, M.M., Praphasiri, P., Dawood, F.S., Sornwong, K., Ditsungnoen, D., Mott, J.A.,
Prasert, K., 2019. Effect of acute respiratory illness on short-term frailty status of
older adults in Nakhon Phanom, Thailand—June 2015 to june 2016: a prospective
matched cohort study. Influenza Other Respir. Viruses 13, 391-397. https://doi.org/
10.1111/irv.12638.

Iwai-Saito, K., Shobugawa, Y., Aida, J., Kondo, K., 2021. Frailty is associated with
susceptibility and severity of pneumonia in older adults (A JAGES multilevel cross-
sectional study). Sci. Rep. 11, 1-10. https://doi.org/10.1038/541598-021-86854-3.

Jiménez Navarro, M., Castro, A., Ballesteros Pradas, S., Cruzado Alvarez, C., Gémez
Doblas, J.J., Marzal Martin, D., Alfonso, F., 2020. Comments on the 2019 ESC
guidelines on diabetes, prediabetes, and cardiovascular disease. Rev. Esp. Cardiol.
(Engl. Ed.) 73, 354-360.

Joseph, A.M., Adhihetty, P.J., Buford, T.W., Wohlgemuth, S.E., Lees, H.A., Nguyen, L.M.
D., Aranda, J.M., Sandesara, B.D., Pahor, M., Manini, T.M., Emanuele, M.,
Leeuwenburgh, C., 2012. The impact of aging on mitochondrial function and
biogenesis pathways in skeletal muscle of sedentary high- and low-functioning
elderly individuals. Aging Cell 11, 801-809. (2012).d0i:10.1016/j.rec.2019.11.018.

Judrez-Cedillo, T., Vargas-Alarcon, G., Martinez-Rodriguez, N., Juarez-Cedillo, E.,
Fragoso, J.M., Escobedo-de-la-Pena, J., 2019. Interleukin 10 gene polymorphisms
and frailty syndrome in elderly mexican people:(Sadem study). Mol. Genet. Genom.
Med. 7, €918 https://doi.org/10.1002/mgg3.918.

Justice, J.N., Ferrucci, L., Newman, A.B., Aroda, V.R., Bahnson, J.L., Divers, J.,
Espeland, M.A., Marcovina, S., Pollak, M.N., Kritchevsky, S.B., Barzilai, N.,
Kuchel, G.A., 2018. A framework for selection of blood-based biomarkersfor
geroscience-guided clinical trails: report from the TAME biomarkers workgroup.
Geroscience. 40, 419-436. https://doi.org/10.1007/s11357-018-0042-y.

Karczewski, K., Snyder, M.P., 2018. Integrative omcis for health and diease. Nat Rev
Genet. 19, 299-310. https://doi.org/10.1038/nrg.2018.4.

Kelaiditi, E., Cesari, M., Canevelli, M., 2013. Cognitive frailty: rational and definition
from an (I. A. N. A./ I. A. G. G.) international consensus group. J. Nutr. Health Aging
17. https://doi.org/10.1007/s12603-013-0367-2.

13

Experimental Gerontology 171 (2023) 112040

Kennedy, B.K., Berger, S.L., Brunet, A., Campisi, J., Cuervo, A.M., Epel, E.S.,
Franceschi, C., Lithgow, G.J., Morimoto, R.L., Pessin, J.E., Rando, T.A.,

Richardson, A., Schadt, E.E., Wyss-Cory, T., Sierra, F., 2014. Geroscience: linking
aging to chronic disease. Cell 159, 709-713. https://doi.org/10.1016/j.
cell.2014.10.039.

Khurshid, Z., Zafar, M.S., Khan, R.S., Najeeb, S., Slowey, P.D., Rehman, .U., 2018. Role
of salivary biomarkers in oral cancer detection. Adv. Clin. Chem. 86 https://doi.org/
10.1016/bs.acc.2018.05.002.

Kirkland, J.L., Tchkonia, R., 2017. Cellular senescence: a translational perspective.
EBioMedicine 21, 21-28. https://doi.org/10.1016/j.ebiom.2017.04.013.

Korada, S.K.C., Zhao, D., Tibuakuu, M., Brown, T.T., Jacobson, L.P., Guallar, E., Bolan, R.
K., Palella, F.J., Margolick, J.B., Martinson, J.J., Budoff, M.J., Post, W.S., Michos, E.
D., 2017. Frailty and subclinical coronary atherosclerosis: the multicenter AIDS
cohort study (MACS). Atherosclerosis 266, 1-8. https://doi.org/10.1016/j.
atherosclerosis.2017.08.026.

Kumar, R., Mohan, N., Upadhyay, A.D., Singh, A.P., Sahu, V., Dwivedi, S., Dey, A.B.,
Dey, S., 2014. Identification of serum sirtuins as novel noninvasive protein markers
for frailty. Aging Cell 13, 975-980. https://doi.org/10.1111/acel.12260.

Landau, E.R., Trinder, J., Simmons, J.G., Raniti, M., Blake, M., Waloszek, J.M., Blake, L.,
Schwartz, O., Murray, G., Allen, N.B., Byrne, M.L., 2019. Salivary C-reactive protein
among at-risk adolescents: a methods investigation of out of range immunoassay
data. Psychoneuroendocrinology 99, 104-111. https://doi.org/10.1016/j.
psyneuen.2018.08.035.

Lee, W.J., Chen, L.K., Liang, C.K., Peng, L.N., Chiou, S.T., Chou, P., 2016. Soluble ICAM-
1, independent of IL-6, is associated with prevalent frailty in community-dwelling
elderly taiwanese people. PLoS One 11, 1-9. https://doi.org/10.1371/journal.
pone.0157877.

Lees, C., Godin, J., McElhaney, J.E., McNeil, S.A., Loeb, M., Hatchette, T.F., Andrew, M.
K., 2020. Frailty hinders recovery from influenza and acute respiratory illness in
older adults. J. Infect. Dis. 222, 428-437. https://doi.org/10.1093/infdis/jiaa092.

Leung, K., Thuret, S., 2015. Gut microbiota: a modulator of brain plasticity and cognitive
function in ageing. Healthcare. 3, 898-916. https://doi.org/10.3390/
healthcare3040898.

Li, H., Manwani, B., Leng, S.X., 2011. Frailty, inflammation, and immunity. Aging Dis. 2,
466-473.

Libby, P., Ridker, P.M., Hansson, G.K., 2011. Progress and challenges in translating the
biology of atherosclerosis. Nature 473, 317-325. https://doi.org/10.1038/
naturel0146.

Lin, F., Roiland, R., Chen, D.G., Qiu, C., 2015. Linking cognition and frailty in middle and
old age: metabolic syndrome matters. Int. J. Geriatr. Psychiatry 30, 64-71. https://
doi.org/10.1002/gps.4115.

Lippi, G., Jansen-Duerr, P., Vina, J., Durrance-Bagale, A., Abugessaisa, 1., Gomez-
Cabrero, D., Tegnér, J., Grillari, J., Erusalimsky, J., Sinclair, A., Rodriguez-Manas, L.,
FRAILOMIC Consortium, 2015. Laboratory biomarkers and frailty: presentation of
the FRAILOMIC initiative. Clin. Chem. Lab. Med. 53, e253-255.

Liu, C.K,, Lyass, A., Massaro, J.M., D’Agostino, R.B., Fox, C.S., Murabito, J.M., 2014.
Chronic kidney disease defined by cystatin C predicts mobility disability and changes
in gait speed: the Framingham offspring study. J. Gerontol. A Biol. Sci. Med. Sci. 69,
301-307. https://doi.org/10.1093/gerona/glt096.

Liu, P., Li, Y., Zhang, Y., Mesbah, S.E., Ji, T., Ma, L., 2020. Frailty and hypertension in
older adults: current understanding and future perspectives. Hypertens. Res. 43,
1352-1360. https://doi.org/10.1038/5s41440-020-0510-5.

Loetscher, P., Uguccioni, M., Bordoli, L., Baggiolini, M., Moser, B., Chizzolini, C.,
Dayer, J.M., 1998. CCRS5 is characteristic of Th1 lymphocytes. Nature 391, 344-345.
https://doi.org/10.1038/34814.

Lopez Angel, C.J., Pham, E.A,, Du, H., Vallania, F., Fram, B.J., Perez, K., 2021. Signatures
of immune dysfunction in HIV and HCV infection share features with chronic
inflammation in aging and persist after viral reduction or elimination. Proc. Natl.
Acad. Sci. U. S. A. 118, 1-10. https://doi.org/10.1073/pnas.2022928118.

Lépez-Otin, C., Blasco, M.A., Partridge, L., Serrano, M., Kroemer, G., 2013. The
hallmarks of aging Europe PMC funders group. Cell 153, 1194-1217. https://doi.
org/10.1016/j.cell.2013.05.039.

Luo, J., Tang, W., Sun, Y., Jiang, C., 2020. Impact of frailty on 30-day and 1-year
mortality in hospitalised elderly patients with community-acquired pneumonia: a
prospective observational study. BMJ Open 10, e038370. https://doi.org/10.1136/
bmjopen-2020-038370.

Marzetti, E., Lees, H.A., Manini, T.M., Buford, T.W., Aranda Jr., J.M., Calvaniabei, R.,
Capuani, G., Marsiske, M., Lott, D.J., Vandenborne, K., Bernabei, R., Pahor, M.,
Leeuwenburgh, C., Wohlgemuth, S.E., 2012. Skeletal muscle apoptotic signaling
predicts thigh muscle volume and gait speed in community-dwelling older persons:
an exploratory study. PLoS One 7, e32829.

Mathei, C., Vaes, B., Wallemacq, P., Degryse, J., 2011. Associations between
cytomegalovirus infection and functional impairment and frailty in the BELFRAIL
cohort. J. Am. Geriatr. Soc. 59, 2201-2208. https://doi.org/10.1111/j.1532-
5415.2011.03719.x.

Mathers, C.D., Stevens, G.A., Boerma, T., White, R.A., Tobias, M.I., 2015. Causes of
international increases in older age life expectancy. Lancet 385, 540-548. https://
doi.org/10.1016/50140-6736(14)60569-9.

McCabe, S.M., Riddle, L., Nakamura, G.R., Prashad, H., 1993. SICAM 1 enhances
cytokine production stimulated by alloantigen. Cell. Immunol. 150, 364-375.
https://doi.org/10.1006/cimm.1993.1204.

Mika, J., Zychowska, M., Popiolek-Barczyk, K., Rojewska, E., Przewlocka, B., 2013.
Importance of glial activation in neuropathic pain. Eur. J. Pharmacol. 716, 106-119.
https://doi.org/10.1016/j.ejphar.2013.01.072.

Miller, G.E., Murphy, M.L.M., Cashman, R., Ma, R., Ma, J., Arevalo, J.M.G., Kobor, M.S.,
Cole, S.W., 2014. Greater inflammatory activity and blunted glucocorticoid signaling


https://doi.org/10.1016/j.immuni.2013.11.010
https://doi.org/10.1016/j.bbcan.2017.11.004
https://doi.org/10.1515/cclm-2017-1018
https://doi.org/10.1515/cclm-2017-1018
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260553020684
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260553020684
https://doi.org/10.1634/stemcells.20-3-267
https://doi.org/10.1021/acscombsci.0c00058
https://doi.org/10.1093/gerona/glt013
https://doi.org/10.1093/gerona/glt013
https://doi.org/10.1007/s00223-017-0345-5
https://doi.org/10.1007/s00223-017-0345-5
https://doi.org/10.1093/ageing/afx157
https://doi.org/10.1093/ageing/afx157
https://doi.org/10.1017/S1041610213001841
https://doi.org/10.1017/S1041610213001841
https://doi.org/10.1016/j.imlet.2014.06.009
https://doi.org/10.4103/0974-2700.96484
https://doi.org/10.3389/fnagi.2017.00398
https://doi.org/10.3389/fnagi.2017.00398
https://doi.org/10.1016/j.bbi.2012.06.001
https://doi.org/10.1016/j.bbi.2012.06.001
https://doi.org/10.1093/ageing/aft059
https://doi.org/10.1002/pmic.200401037
https://doi.org/10.1002/oti.275
https://doi.org/10.1093/gerona/glp186
https://doi.org/10.1111/irv.12638
https://doi.org/10.1111/irv.12638
https://doi.org/10.1038/s41598-021-86854-3
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260609023209
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260609023209
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260609023209
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260609023209
http://(2012).doi:10.1016/j.rec.2019.11.018
https://doi.org/10.1002/mgg3.918
https://doi.org/10.1007/s11357-018-0042-y
https://doi.org/10.1038/nrg.2018.4
https://doi.org/10.1007/s12603-013-0367-2
https://doi.org/10.1016/j.cell.2014.10.039
https://doi.org/10.1016/j.cell.2014.10.039
https://doi.org/10.1016/bs.acc.2018.05.002
https://doi.org/10.1016/bs.acc.2018.05.002
https://doi.org/10.1016/j.ebiom.2017.04.013
https://doi.org/10.1016/j.atherosclerosis.2017.08.026
https://doi.org/10.1016/j.atherosclerosis.2017.08.026
https://doi.org/10.1111/acel.12260
https://doi.org/10.1016/j.psyneuen.2018.08.035
https://doi.org/10.1016/j.psyneuen.2018.08.035
https://doi.org/10.1371/journal.pone.0157877
https://doi.org/10.1371/journal.pone.0157877
https://doi.org/10.1093/infdis/jiaa092
https://doi.org/10.3390/healthcare3040898
https://doi.org/10.3390/healthcare3040898
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260608121904
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260608121904
https://doi.org/10.1038/nature10146
https://doi.org/10.1038/nature10146
https://doi.org/10.1002/gps.4115
https://doi.org/10.1002/gps.4115
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260600581160
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260600581160
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260600581160
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260600581160
https://doi.org/10.1093/gerona/glt096
https://doi.org/10.1038/s41440-020-0510-5
https://doi.org/10.1038/34814
https://doi.org/10.1073/pnas.2022928118
https://doi.org/10.1016/j.cell.2013.05.039
https://doi.org/10.1016/j.cell.2013.05.039
https://doi.org/10.1136/bmjopen-2020-038370
https://doi.org/10.1136/bmjopen-2020-038370
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260607267344
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260607267344
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260607267344
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260607267344
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260607267344
https://doi.org/10.1111/j.1532-5415.2011.03719.x
https://doi.org/10.1111/j.1532-5415.2011.03719.x
https://doi.org/10.1016/S0140-6736(14)60569-9
https://doi.org/10.1016/S0140-6736(14)60569-9
https://doi.org/10.1006/cimm.1993.1204
https://doi.org/10.1016/j.ejphar.2013.01.072

A. Niebla-Cardenas et al.

in monocytes of chronically stressed caregivers. Brain Behav. Immun. 41, 191-199.
https://doi.org/10.1016/j.bbi.2014.05.016.

Minetto, M.A., Gazzoni, M., Lanfranco, F., Baldi, M., Saba, L., Pedrola, R., Komi, P.V.,
Rainoldi, A., 2007. Influence of the sample collection method on salivary
interleukin-6 levels in resting and post-exercise conditions. Eur. J. Appl. Physiol.
101, 249-256. https://doi.org/10.1007/s00421-007-0484-x.

Mitnitski, A., Collerton, J., Martin-Ruiz, C., Jagger, C., Von Zglinicki, T., Rockwood, K.,
Kirkwood, T.B.L., 2015. Age-related frailty and its association with biological
markers of ageing. BMC Med. 13 https://doi.org/10.1186/512916-015-0400-x.

Montero-Odasso, M., Barnes, B., Speechley, M., Muir Hunter, S.W., Doherty, T.J.,
Duque, G., Gopaul, K., Sposato, L.A., Casas-Herrero, A., Borrie, M.J., Camicioli, R.,
Wells, J.L., 2016. Disentangling cognitive-frailty: results from the gait and brain
study. J. Gerontol. A Biol. Sci. Med. Sci. 71, 1476-1482. https://doi.org/10.1093/
gerona/glw044.

Mooijaart, S.P., Sattar, N., Trompet, S., Lucke, J., Stott, D.J., Ford, I., Jukema, J.W.,
Westendorp, R.G.J., de Craen, A.J.M., 2013. Circulating interleukin-6 concentration
and cognitive decline in old age: the PROSPER study. J. Intern. Med. 274, 77-85.
https://doi.org/10.1111/joim.12052.

Mori, H., Tokuda, Y., 2019. Differences and overlap between sarcopenia and physical
frailty in older community-dwelling japanese. Asia Pac. J. Clin. Nutr. 28, 157-165.
https://doi.org/10.6133/apjcn.201903_28(1).0021.

Mortensen, R.F., Zhong, W., 2000. Regulation of phagocytic leukocyte activities by C-
reactive protein. J. Leukoc. Bio. 167, 495-500. https://doi.org/10.1002/
j1b.67.4.495.

Munawara, U., Catanzaro, M., Xu, W., Tan, C., Hirokawa, K., Bosco, N., Larbi, A.,
Lévesque, S., Ramassamy, C., Barron, A.E., Cunnane, S., Beauregard, P.B.,
Bellenger, J.P., Rodrigues, S., Desroches, M., Witkowski, J.M., Laurent, B., Frost, E.
H., Fulop, T., 2021. Hyperactivation of monocytes and macrophages in MCI patients
contributes to the progression of Alzheimer’s disease. Inmun. Ageing 18, 1-25.
https://doi.org/10.1186/5s12979-021-00236-x.

Nam, Y., Kim, Y.Y., Chang, J.Y., Kho, H.S., 2019. Salivary biomarkers of inflammation
and oxidative stress in healthy adults. Arch. Oral Biol. 97, 215-222. https://doi.org/
10.1016/j.archoralbio.2018.10.026.

Namioka, N., Hanyu, H., Hirose, D., Hatanaka, H., Sato, T., Shimizu, S., 2017. Oxidative
stress and inflammation are associated with physical frailty in patients with
Alzheimer’s disease. Geriatr Gerontol Int 17, 913-918. https://doi.org/10.1111/
ggi.12804.

Narici, M.V., Maganaris, M.V., Reeves, C.N., Capodaglio, N.D.P., 2003. Effect of aging on
human muscle architecture. J. Appl. Physiol. 95, 2229-2234. https://doi.org/
10.1152/japplphysiol.00433.2003.

Nelson, G., Wordsworth, J., Wang, C., Jurk, D., Lawless, C., Martin-Ruiz, C., von
Zglinicki, T., 2012. A senescent cell bystander effect: senescence-induced
senescence. Aging cell.11, 345-349. https://doi.org/10.1111/j.1474-
9726.2012.00795.x.

Niccoli, T., Partridge, L., 2012. Ageing as a risk factor for disease. Curr. Biol. 22,
741-752. https://doi.org/10.1016/j.cub.2012.07.024.

O’Brien, S.M., Scott, L.V., Dinan, T.G., 2006. Antidepressant therapy and C-reactive
protein levels. Br. J. Psychiatry 188, 449-452. https://doi.org/10.1192/bjp.
bp.105.011015.

O’Bryant, S.E., Waring, S.C., Hobson, V., Hall, J.R., Moore, C.B., Bottiglieri, T.,
Massman, P., Diaz-Arrastia, R., 2010. Decreased C-reactive protein levels in
alzheimer disease. J. Geriatr. Psychiatry Neurol. 23, 49-53. https://doi.org/
10.1177/0891988709351832.

O’Caoimh, R., Costello, M., Small, C., Spooner, L., Flannery, A., O’Reilly, L.,
Heffernan, L., Mannion, E., Maughan, A., Joyce, A., Molloy, D.A., O’'Donnell, J.,
2019. Comparison of frailty screening instruments in the emergency department. Int.
J. Environ. Res. Public Health 16, 3626. https://doi.org/10.3390/ijerph16193626.

Ohshiro, K., Rosenthal, D.I., Koomen, J.M., Streckfus, C.F., Chambers, M., Kobayashi, R.,
El-Naggar, A.K., 2007. Pre-analytic saliva processing affect proteomic results and
biomarker screening of head and neck squamous carcinoma. Int. J. Oncol. 30,
743-749.

Ordovas-Montanes, J.M., Ordovas, J.M., 2012. Cholesterol, inflammasomes, and
atherogenesis. Curr. Cardiovasc. Risk Rep. 6, 45-52. https://doi.org/10.1007/
s12170-011-0212-2.

Ouellet-Morin, 1., Danese, A., Williams, B., Arseneault, L., 2011. Validation of a high-
sensitivity assay for C-reactive protein in human saliva. Brain Behav. Immun. 25,
640-646. https://doi.org/10.1016/j.bbi.2010.12.020.

Out, D., Hall, R.J., Granger, D.A., Page, G.G., Woods, S.J., 2012. Assessing salivary C-
reactive protein: longitudinal associations with systemic inflammation and
cardiovascular disease risk in women exposed to intimate partner violence. Brain
Behav. Immun. 26, 543-551. https://doi.org/10.1016/j.bbi.2012.01.019.

Palmer, J., Pandit, V., Zeeshan, M., Kulvatunyou, N., Hamidi, M., Hanna, K., Fain, M.,
Nikolich-Zugich, J., Zakaria, E.R., Joseph, B., 2019. The acute inflammatory
response after trauma is heightened by frailty: a prospective evaluation of
inflammatory and endocrine system alterations in frailty. J. Trauma Acute Care Surg.
87, 54-60. https://doi.org/10.1097/TA.0000000000002229.

Pan, Y., Tong, T.J., Yun, L., Lina, M., 2020. Omics biomarkers for frailty in older adults.
Clin. Chim. Acta 510, 363-372. https://doi.org/10.1016/j.cca.2020.07.057.

Pansarasa, O., Pistono, C., Davin, A., Bordoni, M., Mimmi, M.C., Guaita, A., Cereda, C.,
2019. Altered immune system in frailty: genetics and diet may influence
inflammation. Ageing Res. Rev. 54 https://doi.org/10.1016/j.arr.2019.100935.

Panza, F., Lozupone, M., Solfrizzi, V., Stallone, R., Bellomo, A., Greco, A., Daniele, A.,
Seripa, D., Logroscino, G., 2017. Cognitive frailty: a potential target for secondary
prevention of dementia. Expert Opin. Drug Metab. Toxicol. 13, 1023-1027. https://
doi.org/10.1080/17425255.2017.1372424.

14

Experimental Gerontology 171 (2023) 112040

Pavanello, S., Stendardo, M., Mastrangelo, G., Bonci, M., Bottazzi, B., Campisi, M.,
Nardini, M., Leone, R., Mantovani, A., Boschetto, P., 2017. Inflammatory long
pentraxin 3 is associated with leukocyte telomere length in night-shift workers.
Front. Immunol. 8, 1-9. https://doi.org/10.3389/fimmu.2017.00516.

Pawelec, G., 2018. Age and immunity: what is “immunosenescence”? Exp. Gerontol. 105,
4-9. https://doi.org/10.1016/j.exger.2017.10.024.

Peng, J., Elias, J.E., Thoreen, C.C., Licklider, L.J., Gygi, S.P., 2003. Evaluation of
multidimensional chromatography coupled with tandem mass spectrometry (LC/LC-
MS/MS) for large-scale protein analysis: the yeast proteome. J. Proteome Res. 2,
43-50. https://doi.org/10.1021/pr025556v.

Petersen, T.H., Willerslev-Olsen, M., Conway, B.A., Nielsen, J.B., 2012. The motor cortex
drives the muscles during walking in human subjects. J. Physiol. 590, 2443-2452.
https://doi.org/10.1113/jphysiol.2012.227397.

Petrus, E., Lee, H.K., 2014. BACEI is necessary for experience-dependent homeostatic
synaptic plasticity in visual cortex. Neural Plast. 2014 https://doi.org/10.1155/
2014/128631.

Phillips, A., Gerald Shaper, A., Whincup, P.H., 1989. Association between serum albumin
and mortality from cardiovascular disease, cancer, and other causes. Lancet 334,
1434-1436. https://doi.org/10.1016/50140-6736(89)92042-4.

Prasad, S., Tyagi, A.K., Aggarwal, B.B., 2016. Detection of inflammatory biomarkers in
saliva and urine: potential in diagnosis, prevention, and treatment for chronic
diseases. Exp. Biol. Med. 241, 783-799. https://doi.org/10.1177/
1535370216638770.

Recasens, M., Lopez-Bermejo, A., Ricart, W., Vendrell, J., Casamitjana, R., Fernandez-
Real, J.M., 2005. An inflammation score is better associated with basal than
stimulated surrogate indexes of insulin resistance. J. Clin. Endocrinol. Metab. 90,
112-116. https://doi.org/10.1210/jc.2004-0708.

Riis, J.L., Out, D., Dorn, L.D., Beal, S.J., Denson, L.A., Pabst, S., Jaedicke, K., Granger, D.
A., 2014. Salivary cytokines in healthy adolescent girls: intercorrelations, stability,
and associations with serum cytokines, age, and pubertal stage. Dev. Psychobiol. 56,
797-811. https://doi.org/10.1002/dev.21149.

Robertson, D.A., Savva, G.M., Coen, R.F., Kenny, R.A., 2014. Cognitive function in the
prefrailty and frailty syndrome. J. Am. G. Soc. 62, 2118-2124. https://doi.org/
10.1111/jgs.13111.

Rockwood, K., Mitnitski, A., 2007. Frailty in relation to the accumulation of deficits.

J. Gerontol. A Biol. Sci. Med. Sci. 62, 722-727. https://doi.org/10.1093/gerona/
62.7.722.

Rockwood, K., Fox, R.A., Stolee, P., Robertson, D., Beattie, B.L., 1994. Frailty in elderly
people: an evolving concept. CMAJ 150, 489-495. https://doi.org/10.1007/s00018-
007-6388-4.

Rutenberg, A.D., Mitnitski, A.B., Farrell, S.G., Rockwood, K., 2018. Unifying aging and
frailty through complex dynamical networks. Exp. Gerontol. 107, 126-129.

Saedi, A.A., Feehan, J., Phu, S., Duque, G., 2019. Current and emerging biomarkers of
frailty in the elderly. Clin. Interv. Aging 14, 389-398. https://doi.org/10.2147/CIA.
5$168687.

Salvioli, S., Monti, D., Lanzarini, C., Conte, M., Pirazzini, C., Giulia Bacalini, M.,
Garagnani, P., Giuliani, C., Fontanesi, E., Ostan, R., Bucci, L., Sevini, F., Yani, S.L.,
Barbieri, A., Lomartire, L., Borelli, V., Vianello, D., Bellavista, E., Martucci, M.,
Cevenini, E., Pini, E., Scurti, M., Biondi, F., Santoro, A., Capri, M., Franceschi, C.,
2013. Immune system, cell senescence, aging and longevity - inflamm-aging
reappraised. Curr. Pharm. Des. 19, 1675-1679. https://doi.org/10.2174/
138161213805219531.

Schipper, R., Loof, A., De Groot, J., Harthoorn, L., Van Heerde, W., Dransfield, E., 2007.
Salivary protein/peptide profiling with SELDI-TOF-MS. Ann. N. Y. Acad. Sci. 1098,
498-503. https://doi.org/10.1196/annals.1384.010.

Schwartz, S.S., Zhu, W.X., Sreebny, L.M., 1995. Sodium dodecyl sulphate-polyacrylamide
gel. Arch. Oral Biol. 40, 949-958. https://doi.org/10.1016/0003-9969(95)00055.

Semba, R.D., Margolick, J.B., Leng, S., Walston, J., Ricks, M.O., Fried, L.P., 2005. T cell
subsets and mortality in older community-dwelling women. Exp. Gerontol. 40,
81-87. https://10.1016/j.exger.2004.09.006.

Seo, Y.K., Won, C.W., Soh, Y., 2021. Associations between body composition and
cognitive function in an elderly korean population: a cohort-based cross-sectional
study. Medicine 100. https://doi.org/10.1097/MD.0000000000025027.

Sergi, G., Veronese, N., Fontana, L., De Rui, M., Bolzetta, F., Zambon, S., Corti, M.C.,
Baggio, G., Toffanello, E.D., Crepaldi, G., Perissintto, E., Manzato, E., 2015. Pre-
frailty and risk of cardiovascular disease in elderly men and women: thepro.V.A.
study. J. Am. Coll. Cardiol. 65, 976-983. https://doi.org/10.1016/j.
jacc.2014.12.040.

Shoemark, H., Hanson-Abromeit, D., Stewart, L., 2015. Constructing optimal experience
for the hospitalized newborn through neuro-based music therapy. Front. Hum.
Neurosci. 9, 1-5. https://doi.org/10.3389/fnhum.2015.00487.

Sjogren, E., Leanderson, P., Kristenson, M., 2006. Diurnal saliva cortisol levels and
relations to psychosocial factors in a population sample of middle-aged swedish men
and women. Int. J. Behav. Med. 13, 193-200. https://doi.org/10.1207/
$15327558ijbm1303_2.

Slade, G.D., Ghezzi, E.M., Heiss, G., Beck, J.D., Riche, E., Offenbacher, S., 2003.
Relationship between periodontal disease and C-reactive protein among adults in the
atherosclerosis risk in communities study. Arch. Intern. Med. 163, 1172-1179.
https://doi.org/10.1001/archinte.163.10.1172.

Slavish, D.C., Graham-Engeland, J.E., Smyth, J.M., Engeland, C.G., 2015. Salivary
markers of inflammation in response to acute stress. Brain Behav. Inmun. 44
https://doi.org/10.1016/j.bbi.2014.08.008.

Slowey, P.D., 2015. Saliva Collection Devices and Diagnostic Platforms. In: Streckfus, C.
F. (Ed.), Advances in Salivary Diagnostics. Springer, USA, pp. 33-61.

Soysal, P., Stubbs, B., Lucato, P., Luchini, C., Solmi, M., Peluso, R., Sergi, G., Isik, A.T.,
Manzato, E., Maggi, S., Maggio, M., Prina, A.M., Casco, T.D., Wu, Y., Veronese, N.,


https://doi.org/10.1016/j.bbi.2014.05.016
https://doi.org/10.1007/s00421-007-0484-x
https://doi.org/10.1186/s12916-015-0400-x
https://doi.org/10.1093/gerona/glw044
https://doi.org/10.1093/gerona/glw044
https://doi.org/10.1111/joim.12052
https://doi.org/10.6133/apjcn.201903_28(1).0021
https://doi.org/10.1002/jlb.67.4.495
https://doi.org/10.1002/jlb.67.4.495
https://doi.org/10.1186/s12979-021-00236-x
https://doi.org/10.1016/j.archoralbio.2018.10.026
https://doi.org/10.1016/j.archoralbio.2018.10.026
https://doi.org/10.1111/ggi.12804
https://doi.org/10.1111/ggi.12804
https://doi.org/10.1152/japplphysiol.00433.2003
https://doi.org/10.1152/japplphysiol.00433.2003
https://doi.org/10.1111/j.1474-9726.2012.00795.x
https://doi.org/10.1111/j.1474-9726.2012.00795.x
https://doi.org/10.1016/j.cub.2012.07.024
https://doi.org/10.1192/bjp.bp.105.011015
https://doi.org/10.1192/bjp.bp.105.011015
https://doi.org/10.1177/0891988709351832
https://doi.org/10.1177/0891988709351832
https://doi.org/10.3390/ijerph16193626
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260552402623
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260552402623
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260552402623
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260552402623
https://doi.org/10.1007/s12170-011-0212-2
https://doi.org/10.1007/s12170-011-0212-2
https://doi.org/10.1016/j.bbi.2010.12.020
https://doi.org/10.1016/j.bbi.2012.01.019
https://doi.org/10.1097/TA.0000000000002229
https://doi.org/10.1016/j.cca.2020.07.057
https://doi.org/10.1016/j.arr.2019.100935
https://doi.org/10.1080/17425255.2017.1372424
https://doi.org/10.1080/17425255.2017.1372424
https://doi.org/10.3389/fimmu.2017.00516
https://doi.org/10.1016/j.exger.2017.10.024
https://doi.org/10.1021/pr025556v
https://doi.org/10.1113/jphysiol.2012.227397
https://doi.org/10.1155/2014/128631
https://doi.org/10.1155/2014/128631
https://doi.org/10.1016/S0140-6736(89)92042-4
https://doi.org/10.1177/1535370216638770
https://doi.org/10.1177/1535370216638770
https://doi.org/10.1210/jc.2004-0708
https://doi.org/10.1002/dev.21149
https://doi.org/10.1111/jgs.13111
https://doi.org/10.1111/jgs.13111
https://doi.org/10.1093/gerona/62.7.722
https://doi.org/10.1093/gerona/62.7.722
https://doi.org/10.1007/s00018-007-6388-4
https://doi.org/10.1007/s00018-007-6388-4
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260552245042
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260552245042
https://doi.org/10.2147/CIA.S168687
https://doi.org/10.2147/CIA.S168687
https://doi.org/10.2174/138161213805219531
https://doi.org/10.2174/138161213805219531
https://doi.org/10.1196/annals.1384.010
https://doi.org/10.1016/0003-9969(95)00055
https://10.1016/j.exger.2004.09.006
https://doi.org/10.1097/MD.0000000000025027
https://doi.org/10.1016/j.jacc.2014.12.040
https://doi.org/10.1016/j.jacc.2014.12.040
https://doi.org/10.3389/fnhum.2015.00487
https://doi.org/10.1207/s15327558ijbm1303_2
https://doi.org/10.1207/s15327558ijbm1303_2
https://doi.org/10.1001/archinte.163.10.1172
https://doi.org/10.1016/j.bbi.2014.08.008
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260606012336
http://refhub.elsevier.com/S0531-5565(22)00349-7/rf202211260606012336

A. Niebla-Cardenas et al.

2016. Inflammation and frailty in the elderly: a systematic review and meta-analysis.
Ageing Res. Rev. 31, 1-8. https://doi.org/10.1016/j.arr.2016.08.006.

Staessen, J.A., Gasowski, J., Wang, J.G., Thijs, L., Den Hond, E., Boissel, J.P., Coope, J.,
Ekbom, T., Gueyffier, F., Liu, L., Kerlikowske, K., Pocock, S., Fagard, R.H., 2000.
Risks of untreated and treated isolated systolic hypertension in the elderly: meta-
analysis of outcome trials. Lancet 355, 865-872. https://doi.org/10.1016,/50140-
6736(99)07330-4.

Stoner, L., Lucero, A.A., Palmer, B.R., Jones, L.M., Young, J.M., Faulkner, J., 2013.
Inflammatory biomarkers for predicting cardiovascular disease. Clin. Biochem. 46,
1353-1371. https://doi.org/10.1016/j.clinbiochem.2013.05.070.

Thoma, S.K., Motivala, S., Olmstead, R., Irwin, M.R., 2011. Sleep depth and fatigue: role
of cellular inflammatory activation. Brain Behav. Immun. 25, 53-58. https://doi.
0rg/10.1016/j.bbi.2010.07.245.

Thomas, R., Wang, W., Su, D.M., 2020. Contributions of age-related thymic involution to
immunosenescence and inflammaging. Immun. Ageing 17, 1-17. https://doi.org/
10.1186/5s12979-020-0173-8.

Tilg, H., Trehu, E., Atkins, M.B., Dinarello, C.A., Mier, J.W., 1994. Interleukin-6 (IL-6) as
an anti-inflammatory cytokine: induction of circulating IL-1 receptor antagonist and
soluble tumor necrosis factor receptor p55. Blood 83, 113-118. https://doi.org/
10.1182/blood.v83.1.113.bloodjournal831113.

Vandanmagsar, B., Youm, Y.H., Ravussin, A., Galgani, J.E., Stadler, K., Mynatt, R.L.,
Ravussin, E., Stephens, J.M., Dixit, V.D., 2011. The NLRP3 inflammasome instigates
obesity-induced inflammation and insulin resistance. Nat. Med. 17, 179-189.
https://doi.org/10.1038/nm.2279.

Ventura, M.T., Casciaro, M., Gangemi, S., Buquicchio, R., 2017. Immunosenescence in
aging: between immune cells depletion and cytokines up-regulation. Clin. Mol.
Allergy 15, 1-8. https://doi.org/10.1186/512948-017-0077-0.

Veronese, N., Sigeirsdottir, K., Eiriksdottir, G., Marques, E.A., Chalhoub, D., Phillips, C.
L., Launer, L.J., Maggi, S., Gudnason, V., Harris, T.B., 2017. Frailty and risk of
cardiovascular diseases in older persons: the age, gene/environment susceptibility-
Reykjavik study. Rejuv. Res. 20, 517-524. https://doi.org/10.1089/rej.2016.1905.

Veronese, N., Stubbs, B., Noale, M., Solmi, M., Luchini, C., Smith, T.O., Cooper, C.,
Gugliemi, G., Reginster, J.Y., Rizzoli, R., Maggi, S., 2017. Adherence to a
Mediterranean diet is associated with lower prevalence of osteoarthritis: data from
the osteoarthritis initiative Nicola. Clin. Nutr. 36, 1609-1614. https://doi.org/
10.1038/541598-019-39414-9.

Volanakis, J.E., 2001. Human C-reactive protein: expression, structure, and function.
Mol. Immunol. 38, 189-197. https://doi.org/10.1016/50161-5890(01)00042-6.

Walston, J., McBurnie, M.A., Newman, A., Tracy, R.P., Kop, W.J., Hirsch, C.H.,
Gottdiener, J., Fried, L.P., Cardiovascular Health Study, 2002. Frailty and activation
of inflammatory and coagulation systems with and without clinical comorbidities:
results from the Cardiovascular Health Study. Arch. Intern. Med. 162 (20),
2333-2341. https://doi.org/10.1001/archinte.162.20.2333.

Walston, J., Hadley, E.C., Ferrucci, L., Guralnik, J.M., Newman, A.B., Studenski, S.A.,
Ershler, W.B., Harris, T., Fried, L.P., 2006. Research agenda for frailty in older
adults: toward a better understanding of physiology and etiology: summary from the
American Geriatrics Society/National Institute on Aging research conference on
frailty in older adults. J. Am. Geriatr. Soc. 54, 991-1001. https://doi.org/10.1111/
j-1532-5415.2006.00745.x.

Walters, S., Khan, T., Ong, T., Sahota, O., 2017. Fracture liaison services: improving
outcomes for patients with osteoporosis. Clin. Interv. Aging 12, 117-127. https://
doi.org/10.2147/CIA.S85551.

15

Experimental Gerontology 171 (2023) 112040

Wang, J., Di, X., Xin, W., Zhou, C., Hui, W., Yan, G., Cao, K., 2011. Polymorphisms of
matrix metalloproteinases in myocardial infarction: a meta-analysis. Heart 97,
1542-1546. https://doi.org/10.1136/heartjnl-2011-300342.

Weisberg, S.P., McCann, D., Desai, M., Rosenbaum, M., Leibel, R.L., Ferrante, A.W.,
2003. Obesity is associated with macrophage accumulation in adipose tissue. J. Clin.
Invest. 112, 1796-1808. https://doi.org/10.1172/JCI200319246.

WHO Europe, 2020. Healthy ageing - Demographic trends, statistics and data on ageing.
https://www.euro.who.int/en/health-topics/Life-stages/healthy-ageing/data-and-s
tatistics/demographic-trends,-statistics-and-data-on-ageing/ [Accessed 16 March
2021].

Wikby, A., Ferguson, F., Forsey, R., Thompson, J., Strindhall, J., Lofgren, S., Bengt-
Olof, N., Ernerudh, J., Pawelec, G., Johansson, B., 2005. An immune risk phenotype,
cognitive impairment, and survival in very late life: impact of allostatic load in
swedish octogenarian and nonagenarian humans. J. Gerontol. A Bio Sci. Med. Sci.
60, 556-565. https://doi.org/10.1093/gerona/60.5.556.

Wilson, D., Jackson, T., Sapey, E., Lord, J.M., 2017. Frailty and sarcopenia: the potential
role of an aged immune system. Ageing Res. Rev. 36, 1-10. https://doi.org/
10.1016/j.arr.2017.01.006.

Xiao, H., Wong, D.T.W., 2012. Method development for proteome stabilization in human
saliva. Anal. Chim. Acta 722, 63-69. https://doi.org/10.1016/j.aca.2012.02.017.

Xiu, F., Stanojcic, M., Jeschke, M.G., 2013. Norepinephrine inhibits macrophage
migration by decreasing CCR2 expression. PLoS ONE 8, 1-11. https://doi.org/
10.1371/journal.pone.0069167.

Yan, W., Apweiler, R., Balgley, B.M., Boontheung, P., Bundy, J.L., Cargile, B.J., Cole, S.,
Fang, X., Gonzalez-Begne, M., Griffin, T.J., Hagen, F., Hu, S., Wolinsky, L.E., Lee, C.
S., Malamud, D., Melvin, J.E., Menon, R., Mueller, M., Qiao, R., Rhodus, N.L.,
Sevinsky, J.R., States, D., Stephenson, J.L., Than, S., Yates, J.R., Yu, W., Xie, H.,
Xie, Y., Omenn, G.S., Loo, J.A., Wong, D.T., 2009. Systematic comparison of the
human saliva and plasma proteomes. Proteomics. Clin Appl 3, 116-134. https://doi.
org/10.1002/prca.200800140.

Yanagita, L., Fujihara, Y., Iwaya, C., Kitajima, Y., Tajima, M., Honda, M., Teruya, Y.,
Asakawa, H., Ito, T., Eda, T., Yamaguchi, N., Kayashima, Y., Yoshimoto, M.,
Harada, M., Yoshimoto, S., Aida, E., Yanase, T., Nawata, H., Muta, K., 2020. Low
serum albumin, aspartate aminotransferase, and body mass are risk factors for frailty
in elderly people with diabetes-a cross-sectional study. BMC Geriatr. 20, 1-8.
https://doi.org/10.1186/s12877-020-01601-z.

Yano, Y., Matsuda, S., Hatakeyama, K., Sato, Y., Imamura, T., Shimada, K., Kodama, T.,
Kario, K., Asada, Y., 2010. Plasma pentraxin 3, but not high-sensitivity c-reactive
protein, is a useful inflammatory biomarker for predicting cognitive impairment in
elderly hypertensive patients. J. Gerontol. A Biol. Sci. Med. Sci. 65, 547-552.
https://doi.org/10.1093/gerona/glq030.

Yin, M.J., Xiong, Y.Z., Xu, X.J., Huang, L.F., Zhang, Y., Wang, X.J., Xiu, L.C., Huang, J.X.,
Lian, T.Y., Liang, D.M., Zen, J.M., Ni, J.D., 2020. Tfh cell subset biomarkers and
inflammatory markers are associated with frailty status and frailty subtypes in the
community-dwelling older population: a cross-sectional study. Aging 12,
2952-2973. https://doi.org/10.18632/aging.102789.

Zhao, Y., Jaber, V., Lukiw, W.J., 2017. Secretory products of the human GI tract
microbiome and their potential impact on Alzheimer’s disease (AD): detection of
lipopolysaccharide (LPS) in AD hippocampus. Front. Cell. Infect. Microbiol. 7, 1-9.
https://doi.org/10.3389/fcimb.2017.00318.


https://doi.org/10.1016/j.arr.2016.08.006
https://doi.org/10.1016/S0140-6736(99)07330-4
https://doi.org/10.1016/S0140-6736(99)07330-4
https://doi.org/10.1016/j.clinbiochem.2013.05.070
https://doi.org/10.1016/j.bbi.2010.07.245
https://doi.org/10.1016/j.bbi.2010.07.245
https://doi.org/10.1186/s12979-020-0173-8
https://doi.org/10.1186/s12979-020-0173-8
https://doi.org/10.1182/blood.v83.1.113.bloodjournal831113
https://doi.org/10.1182/blood.v83.1.113.bloodjournal831113
https://doi.org/10.1038/nm.2279
https://doi.org/10.1186/s12948-017-0077-0
https://doi.org/10.1089/rej.2016.1905
https://doi.org/10.1038/s41598-019-39414-9
https://doi.org/10.1038/s41598-019-39414-9
https://doi.org/10.1016/s0161-5890(01)00042-6
https://doi.org/10.1001/archinte.162.20.2333
https://doi.org/10.1111/j.1532-5415.2006.00745.x
https://doi.org/10.1111/j.1532-5415.2006.00745.x
https://doi.org/10.2147/CIA.S85551
https://doi.org/10.2147/CIA.S85551
https://doi.org/10.1136/heartjnl-2011-300342
https://doi.org/10.1172/JCI200319246
https://www.euro.who.int/en/health-topics/Life-stages/healthy-ageing/data-and-statistics/demographic-trends,-statistics-and-data-on-ageing/
https://www.euro.who.int/en/health-topics/Life-stages/healthy-ageing/data-and-statistics/demographic-trends,-statistics-and-data-on-ageing/
https://doi.org/10.1093/gerona/60.5.556
https://doi.org/10.1016/j.arr.2017.01.006
https://doi.org/10.1016/j.arr.2017.01.006
https://doi.org/10.1016/j.aca.2012.02.017
https://doi.org/10.1371/journal.pone.0069167
https://doi.org/10.1371/journal.pone.0069167
https://doi.org/10.1002/prca.200800140
https://doi.org/10.1002/prca.200800140
https://doi.org/10.1186/s12877-020-01601-z
https://doi.org/10.1093/gerona/glq030
https://doi.org/10.18632/aging.102789
https://doi.org/10.3389/fcimb.2017.00318

	Translational research into frailty from bench to bedside: Salivary biomarkers for inflammaging
	1 Introduction
	2 Frailty
	3 Older adults and the immune system
	4 Inflammation and frailty
	5 Guidelines for selecting frailty potential inflammatory biomarker
	6 Infectious diseases associated with frailty
	7 Neurodegeneration and frailty
	8 Chronic diseases and frailty
	8.1 Cardiovascular diseases
	8.2 Sarcopenia
	8.3 Skeletal pathologies
	8.4 Metabolic pathologies
	8.4.1 Diabetes mellitus (DM)
	8.4.2 Obesity
	8.4.3 Dyslipidemia


	9 The use of proteomics for salivary biomarkers of frailty
	10 High-throughput molecular technologies for salivary biomarker discovery in older adults
	11 Discussion
	12 Conclusions and futures perspectives
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	References


