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Advancing age is the major risk factor for chronic diseases, such as
cardiovascular disease, type 2 diabetes, cancer and Alzheimer's dis-
ease. The rising number of older individuals is thus resulting in an
increased burden on our healthcare system. Instead of tackling each
of these age-related diseases one by one, focused approaches aimed
at the identification of shared disease mechanisms, that can ideally
be targeted using lifestyle and/or pharmacological interventions,
could be more productive. But, how do we identify the vulnerable
people in the population that are at high risk for developing (multi)
morbidity? This is a question that the research community tries to
answer by looking for so-called biomarkers of ageing, i.e. markers
that are predictive of age-related morbidity and mortality. When
they are successfully identified, such markers can be used as surro-
gate endpoints in clinical trials or intervention studies that are aimed
at improving general health.

According to the criteria of the American Federation for Aging
Research (AFAR) a perfect biomarker of ageing should; (a) outper-
form chronological age in predicting age-related disease and mortal-
ity, (b) be simple (i.e. accurate and reproducible) and inexpensive to
test without harming the test subject, and (c) work in both humans
and model organisms to make findings directly translatable [1]. Sev-
eral potential biomarkers of ageing have been proposed [2], including
clinical markers involved in physiological (e.g. fasting blood glucose,
glycated haemoglobin, and blood lipids) and immune function (e.g.
C-reactive protein), but, thus far, none has met all the proposed AFAR
criteria.

Many of the proposed biomarkers have shown to be associated
with the risk of specific age-related diseases, e.g. an imbalance in fast-
ing glucose or blood lipids has been associated with the onset and
progression of type 2 diabetes or cardiovascular disease, respectively.
However, it is still unclear if these biomarkers are able to predict
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healthspan. Healthspan is commonly defined as the number of years
lived in good health, i.e. with absence of major chronic diseases and
disabilities of ageing [3]. A longer healthspan will thus reflect an
increased protection against multiple age-related diseases at once.

In this issue of EBioMedicine, Li and colleagues [4] studied the pre-
dictive value of commonly used clinical biomarkers of ageing using
healthspan and lifespan as outcomes. To this end, they used a large
and relatively healthy Swedish cohort for which extensive long-term
longitudinal follow-up data on disease diagnosis and mortality was
available. As the definition of healthspan they used the number of
years lived with absence of major chronic diseases. The authors
focused their efforts on ten clinical biomarkers involved in glycaemic
control, lipid metabolism, inflammation, and haematological func-
tion. The majority of these biomarkers were significantly associated
with healthspan and/or lifespan in their cohort, which is not surpris-
ing given their known roles in the diseases that are mainly contribut-
ing to decreased healthspan, such as type 2 diabetes (biomarkers
involved in glycaemic control) and cardiovascular disease (bio-
markers involved in lipid metabolism). However, the novelty lies in
the fact that the study showed that most of the healthspan-associated
biomarkers, with the exception of the ones involved in glycaemic
control, seem to exert their effect by influencing multiple age-related
diseases at once, providing evidence that these diseases have shared
mechanisms that can be targeted to improve general health. More-
over, the polygenic score analyses show that the large majority of the
observed associations are likely caused by environmental (i.e. non-
genetic) effects. This provides further evidence that lifestyle interven-
tions targeting environmental factors, such as dietary interventions
and increasing physical activity, can be used to improve healthspan
[5], without the need for pharmacological intervention [6].

A disadvantage of using the earliest onset of a major chronic dis-
ease as the end of healthspan, as was done in the current study, is
that there is an underrepresentation of late-onset diseases, such as
Alzheimer's disease. Hence, an increase in healthspan does not mean
that individuals are also protected against such diseases. Future stud-
ies should thus try to improve the definition of healthspan to better
incorporate the dynamic aspect of changes in health throughout life
[3].

Recent efforts have focussed on the identification of novel bio-
markers of ageing using omics-based measurements, i.e. epigenom-
ics, transcriptomics, proteomics, and metabolomics [7], given that
commonly used clinical biomarkers show limited predictive power in
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the age group where it matters most, i.e. above 60 years of age [8].
Some of the identified omics-based biomarkers have already shown
to be better predictors of lifespan than the well-established clinical
biomarkers of ageing, especially at higher ages [8�10]. Hence, it will
be interesting to apply the methodological framework described in
this proof-of-principle study by Li and colleagues [4] to determine
the predictive value of these omics-based biomarkers on healthspan
(and lifespan). The best (independent) omics-based biomarkers of
ageing can subsequently be developed further so they can be incor-
porated in ongoing clinical studies to amend or replace the com-
monly used clinical biomarkers with the goal to identify and treat
vulnerable individuals before the occurrence of (multi)morbidity.
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