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Searching for the Holy Grail Will Need Biomarkers    
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Modern society benefits from the improvement 
of life quality and life expectancy compared 
to society 50 or 100 years ago (1). However, 

living longer is also accompanied by negative 
developments which include an increase in the incidence 
of non-communicable chronical diseases (NCDs), such 
as diabetes, cardiovascular diseases, neurodegenerative 
disorders, cancer. In fact, NCDs are becoming one of 
the greatest threats of our time (2). Why is that? because 
NCDs have a deep impact at key levels of our society, 
including the individuum level and the economic 
level, though often both levels are interconnected 
and influenced by each other. At the personal level, 
NCDs have a profound effect on the quality of life of 
the affected person, as well as on the person’s family 
and on caregivers. As an example, we can consider a 
person who is diagnosed with dementia. For this patient 
begins an irreversible and unstoppable journey in the 
complete dependency from others and, after a given time 
of progression, to death, even if the patient is treated 
with the best disease-modifying therapies. For the patient 
self, this diagnose means early retirement from working 
life reducing consequently familial income. Given the 
limitation of dementia patients in their daily life activities, 
one or more family members will need to reduce time at 
work or completely take time off to care for the patient. 
However, increasing dependency developed by the 
patient will lead, sooner or later, to deep changes in 
the familial routine to take care of the patient that will 
also be associated with threatening financial problems 
for the complete family. Moreover, the emotional and 
physical drain produced while dementia progresses can 
be overwhelming for family and caregivers leading, 
sometimes, to depression and chronical stress which 
could last for years and incur additional cost for the 
family. Hence, dementia diagnosis has an enormous 
emotional, physical and financial burden for patients, 
as well as for families. From a financial perspective, 
the lifetime cost, in 2017, for caring for a patient with 
Alzheimer’s disease in the USA has been estimated in 
341,840 U$ dollars (3). If we take this figure as reference, 
we can obtain a rough figure for the financial burden 
produced through the lifetime cost for the 10 million 

of new dementia patients diagnosed every year 
worldwide as reported by the world health organization 
in 2019 (www.who.int/news-room/fact-sheets/detail/
dementia). In fact, dementia care already costs around 1% 
of the world’s gross domestic product, and it is estimated 
that by the year 2050 the cost of dementia care will go 
up to 1.1 trillion U$ dollars (3). Importantly, dementia 
is one among several NCDs that will cost the world in 
terms of treatment, over the next two decades (2010-
2030), about 47 trillion U$ dollars (4). In consequence, 
identifying factors and pathways involved in NCDs 
leading to prevention or delaying of disease onset will 
likely have a major impact on care cost and governmental 
prevention policies.                  

NCDs, including dementia, are multifactorial 
phenotypes that result from complex interactions 
of several factors, including genetics, epigenetics, 
lifestyles, and environment. Interestingly, along with 
the above example on dementia, several NCDs often 
precede dementia and are considered risk factors or 
first signs of ongoing dementia (5). Thus, although the 
clinical presentation of NCDs is different, they seem 
to share common pathogenic pathways. Herein, age 
either is the strongest risk factor or is among the most 
stronger risk factors for several NCDs, including 
diabetes, cardiovascular diseases, neurodegenerative 
disorders, cancer (6). In consequence, one could argue 
that pathological processes occurring during aging may 
modulate the risk of NCDs in a similar manner, and 
modifying these pathogenic processes might have a major 
impact on the prevention and treatment of dementia 
and NCDs. However, aging was considered for a long 
time an unmodifiable risk factor for NCDs. This view 
has changed in the last time because while chronological 
age cannot be stopped, research has shown that age-
related pathologic processes occurring during aging 
can be modified by genetic, dietary or pharmacological 
interventions (7, 8). These interventions, in turn, seem 
to expand lifespan in model organisms and also prevent 
chronical diseases. Thus, during aging, a series of 
biological processes lead slowly to functional decline 
(physical and cognitive) but in people suffering from 
NCDs, these processes seem to be accelerated. Which are 
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the pillars (biological processes) driving aging? and How 
are they linked to the biology of age-related NDCs? These 
two questions are the main focus of the interdisciplinary 
field of research called “Geroscience” (8).

To increase the number of older people who “age 
healthily”, i.e. reach older ages free of major chronic 
disease and disability, Geroscience will need to define 
one or more biomarker(s) which can inform on an aging-
related biological process and pathological development 
in these processes. In this issue of the Journal of 
Prevention of Alzheimer’s Disease, Guerville et al. 
performed a narrative review searching in the literature 
for putative biomarkers of healthy aging. Herein, the 
authors faced the first challenge because research still 
lacks a clear definition of the biological processes which 
are tagging aging and not age-related diseases. In fact, a 
biomarker describing the process of aging independent 
of a disease might be difficult to find as medical research 
is focused on analyzing processes that are inherent to 
disease. For example, Alzheimer’s disease (AD) research 
has been focused on the main hallmarks found in post-
mortem brain neuropathology, i.e. amyloid and tau. 
Both biomarkers might be good in reporting on the 
process of accumulation and aggregation of them in 
the brain of AD patients, even before symptoms appear 
(9). However, they are limited to a particular and 
specific disease process which might not necessarily 
correlate with aging. In fact, increased vulnerability of 
the brain to the initiation of neurodegenerative and non-
pathological processes are thought to drive the cognitive 
decline observed in older individuals from the general 
population (10). In fact, the amyloid and tau positivity are 
20-30% less than that observed in prodromal dementia 
patients, independent of the age analyzed (11). Using, 
therefore, AD biomarkers as aging biomarkers to target 
brain aging are likely to miss key events on the aging 
of the brain and in general. In a similar manner using 
disease markers derived from different NCDs might lead 
to a partial or even wrong evaluation of the aging process 
in general. Starting from three criteria for biomarkers 
of aging defined by the American Federation of Aging 
Research, Guerville and colleagues concluded that 
assessing frailty, i.e. age-associated state of increased 
vulnerability to stressors, might better predict mortality 
compared to several disease-specific biomarkers which 
are limited to specific organs. To search the literature, the 
authors based their search on biomarkers reporting on the 
nine hallmarks of aging proposed, in 2013, by Lopez-Otin 
et al. (12). The main reasons for this are the fact that these 
hallmarks have experimental evidence linking them to 
modulation of aging and therefore a potential effect on 
healthy aging, as opposite to frailty (13).

Neither of the biomarkers reported in this review 
showed convincing evidence to be established as 
a healthy aging biomarker underscoring the fact 
that Geroscience still has a long way to go before 
healthy aging biomarkers can be used in clinical 

routine. Nevertheless, there are several interesting 
observations derived from the review that needs 
to be highlighted. First, the inclusion criteria used 
by Guerville and colleagues delivered basically only 
blood-based biomarkers. This also includes potential 
biomarkers informing on aging-relevant phenotypes 
operating in dementia at the systemic level. Thus, age-
related processes occurring in different organs may also 
influence aging and age-related pathogenic processes 
affecting the brain. This latter concept highlights the 
importance of having specific aging biomarkers reporting 
on the general aging pathogenic process modulating 
the risk of dementia, as well as other NCDs. Second, 
although the presented molecules cannot be included 
in clinical routine, a growing body of evidence 
supports their potential use as aging biomarkers. Third, 
inflammation seems to emerge as a common underlying 
mechanism for several of the reported molecules. For 
example, several lines of evidence in sirtuin-1, a marker 
proposed as a sensor for nutrient deregulations, showed 
that modulation of sirtuin-1 activity leads to modulation 
of inflammation in different tissues (14). In addition, the 
clusterin gene (CLU) coding for the apolipoprotein-J has 
been involved in inflammation and immune responses 
by modulating the activity of complement factors, 
immunoglobulins, and several other signal cascades 
(15). Importantly, among the aging markers proposed 
by Guerville et al., cellular senescence involves several 
inflammatory mediators, beyond p16Ink4A. This makes 
of cellular senescence an interesting aging biomarker 
because it informs on several of the other hallmarks of 
aging. Moreover, cellular senescence has been associated 
with several NCDs, including dementias (16). In fact, 
while originally the term senescence was defined in 
the field of oncology, further research has established 
that also during neurodegenerative processes, microglia, 
astrocytes, and vascular unit cells become senescent 
(17). Herein, senescence cells showed a unique secretory 
profile termed the senescence-associated secretory profile 
(SASP), as discussed by Guerville et al. Interestingly, 
several of the secreted protein in the SASP include 
inflammatory mediators such as IL-6, TNF-β, TGFβ 
family ligands, IL-1β, of which IL-1β is a central cytokine 
of senescence (16). While SASP was initially described 
in peripheral tissues and in association with systemic 
low-grade inflammation (16), SASP has been also found 
to be increased in cerebrospinal fluid (CSF) of AD 
dementia patients(18). Furthermore, in mouse models 
for senescence, it has been shown that modulation of 
the levels of SASP is associated with cognitive changes, 
microglia, and astrocytes activation(19, 20). Together, 
these data support the hypothesis of a crosstalk between 
peripheral and central immunosenescence related 
processes occurring in neurodegenerative diseases and 
also provide novel potential biomarkers reporting on the 
individual degree of senescence in the living aging brain. 
Furthermore, research has suggested a more general role 
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of senescence-related molecules in NCDs. Interestingly, 
the SASP molecules and other inflammatory mediators, 
including proteins related to AD dementia, like TREM2 
and NLRP3, have been also associated with other NCDs 
such as depression, stress, cardiovascular diseases, 
diabetes type 2, and atherosclerosis(20).

Thus, inflammation appears as a common driver 
for processes related to aging and NCDs, including 
senescence and the risk factors associated with dementia. 
However, each inflammatory pathway is probably 
modulated specifically during the life of a person. 
This modulation will define a unique trajectory for 
the cognitive decline of this person during the aging 
process. The shape of this trajectory will probably 
depend on which additional comorbidities may appear 
during the life of this person. Importantly, SASP 
molecules might probably report on the shape of these 
trajectories. Hence, intervention aiming to correct these 
inflammatory pathways might have an impact on the 
aging process preventing NCDs, as well as dementia. 
Furthermore, successful intervention on aging and 
senescence could in theory be followed by changes 
in SASP molecules. Although we are still far from the 
dream of aging biomarkers for clinical routine and for 
prevention trials, research on inflammation is delivering 
important evidence on the biological underpinning of 
SASP. Delineation of this biology and identification 
of the factors which modulate them will be crucial to 
understanding levels of SASP during aging and their 
variance during pathological aging. All these will be 
central for the development of effective treatment 
and improved definition of the aging group at-risk 
of dementia and NCDs. The review of Guerville et al. 
provides a very nice framework on potential hallmarks of 
aging and their potential biomarkers, though focusing on 
senescence and inflammation may deliver those so long-
awaited biomarkers for healthy aging and frailty. 
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