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Editorial

Spelunking the biology of frailty

The word spelunking comes from speleology, the study of caves.
Using information from various disciplines including geology, biology,
chemistry and physics, speleologists enter dark caves to discover hidden
treasures within. This desire to explore unseen new territory with a
multidisciplinary lens has motivated early investigators in the emerging
field of the biology of frailty. Scientists from several disciplines have
promoted the idea that chronological age alone cannot account for the
heterogeneity in ageing apparent both in humans and in animal models.
They have proposed that individuals with accelerated ageing are frail
and that frailty itself can be measured with various instruments that
count the accumulation of health deficits in ageing (Banga et al., 2019;
Rockwood and Howlett, 2019). In this special issue of Mechanisms of
Ageing and Development, we shed light on the biological basis of frailty
with this series of original research and review articles by prominent
international scientists who have made important contributions to the
field.

The biology of frailty is inherently multidisciplinary, with con-
tributions from geriatric medicine, gerontology, pharmacology, phy-
siology and mathematics all contributing to our current understanding
of frailty. Here we asked a variety of clinical and biomedical research
experts to either contribute new studies on the biology of frailty or to
review prior work in the area. We focus on new developments in the
field including animal models of frailty, novel biomarkers, and inter-
ventions that modify frailty including exercise, geroprotectors, me-
senchymal stem cells and diet. We have also asked these researchers to
identify unresolved research questions in the field. This collection of
articles provides an up-to-date perspective that should help guide future
research into the biology of frailty.

The concept of “frailty” was first introduced by Vaupel et al. (1979)
as an actuarial concept that describes the unmeasured variability in the
risk of death in individuals of the same age. Exploration of the biology
of frailty began in 2001 when two groups developed novel tools de-
signed to quantify frailty in people; these are the frailty index (Mitnitski
et al., 2001) and the frailty phenotype (Fried et al., 2001). In this
special issue, the paper by Rockwood and Howlett (2019) focuses on
the frailty index approach. They review evidence that frailty can be
measured with a frailty index achieved by counting the accumulation of
health deficits in an individual. They argue that age-related health
deficits confer risk as a group, such that high frailty scores predict the
risk of many diseases of old age better than individual, traditional risk
factors for these diseases. Interestingly, work with frailty assessment
tools has shown that there are marked differences in frailty between the
sexes. Gordon and Hubbard (2019) discuss the phenomenon that al-
though females are frailer than males at all ages, they have lower
mortality risk. Here, they review possible biological, social and beha-
vioural mechanisms behind this ‘morbidity-mortality paradox’ and
discuss the importance of considering frailty in understanding this

paradox. These authors conclude that, while females tolerate frailty
better than males, there is little evidence that this paradox arises from
sex differences in the severity of chronic diseases, as hypothesized
previously.

Another major advance in the field came about a decade later, when
the frailty index concept was adapted for use in naturally ageing mice
(Parks et al., 2012; Whitehead et al., 2014). This was followed by the
development of a frailty phenotype assessment tool for use in pre-
clinical models (Liu et al., 2014). In this special issue, Banga et al.
(2019) highlight new rodent models that quantify frailty as the accu-
mulation of age-associated deficits. They emphasise that the ability to
model frailty in rodent models is a key development that provides
powerful new tools to investigate frailty in the context of aging. For
example, Kane and Sinclair (2019), in their contribution to this issue,
point out that although there are no currently accepted biomarkers of
frailty, cross-sectional studies in humans have identified several pro-
mising candidates. These can now be explored in longitudinal studies
across the life-course using these frailty assessment tools in animal
models.

Several papers in this special issue examine the use of both clinical
and pre-clinical frailty assessment tools to explore links between age,
frailty and chronic diseases. O’Brien and McDougall (2019) consider the
complex relationship between age, frailty and osteoarthritis specifically
in the context of inflammation and senescence. They argue that frailty
is a risk factor for the development of osteoarthritis with increasing age,
and that conversely osteoarthritis can contribute to the promotion of
frailty. The study by Canevelli et al. (2019) investigates the relationship
between frailty and assessment of cognitive function. They measured
cognitive function with a battery of neuropsychological tests and
quantified frailty with a frailty index. High frailty scores were asso-
ciated with poor performance on at least one measure of cognitive
function. Fielder et al. (2019) show, for the first time, that sub-lethal
irradiation causes premature frailty in young adult mice and that this is
associated with cognitive decline and increased mortality risk. They
propose these mice as a model for long-term tumour survivors who
have premature frailty as a result of radiation therapy; interventions to
attenuate frailty in these patients also could be tested in this model.

A major area of exploration in the biology of frailty field is the
identification of lifestyle interventions that modify frailty in humans
and animals. In this issue, Seldeen et al. (2019) present new preclinical
data investigating the impact of eight weeks of high intensity interval
training exercise in aged female mice. This training regimen had ben-
eficial effects on frailty outcomes evaluated with different frailty tools
and on mortality. Kehler and Theou (2019) contribute complementary
work in humans, showing that physical activity can reduce frailty in
older people, while a sedentary lifestyle contributes to frailty. Mitchell
et al. (2019) review the preclinical evidence that frailty, or aspects of
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frailty, can be modulated with dietary interventions. They show pro-
mising evidence that calorie restriction can delay frailty in animal
models. On the other hand, their work highlights many unanswered
questions including the effect of other dietary interventions on frailty,
the influence of sex on outcomes, and the optimal timing/duration of
dietary interventions.

Other papers in this special issue review the evidence and potential
for pharmacological interventions to delay or treat frailty in both pre-
clinical and clinical studies. Palliyaguru et al. (2019) focus on inter-
ventional studies in mice, and comprehensively summarise preclinical
studies that have explored the effect of anti-ageing interventions on
frailty or frailty-related outcomes. They discuss promising data showing
that small molecule treatments delay aspects of frailty and suggest that
standardisation of assessments and further use of the mouse frailty
index in interventional studies will increase translation. Trendelenburg
et al. (2019) supplement this discussion of preclinical studies with a
thorough review of clinical trials that have included frailty as either a
selection criteria or an endpoint. They highlight some of the compli-
cations associated with testing frailty interventions in older adults. As
concluded by Palliyaguru et al. (2019) for preclinical studies, large-
scale clinical studies with standardised inclusion criteria and outcome
measures are needed to increase the speed of translation of interven-
tions to delay or treat frailty into the clinic. Florea et al. (2019) review
an exciting new approach to the modulation of frailty, treatment with
mesenchymal stem cells. They consider both preclinical and clinical
evidence on the benefits of this approach and discuss the ongoing
clinical trials in this area.

It is now clear that frailty itself can affect responses to the phar-
macological treatment of chronic diseases. Further in this special issue,
Hilmer et al. (2019) explore the effect of frailty on clinical pharma-
cology and drug therapy. They focus on biological changes in frail older
individuals (e.g. body composition, organ function, etc) that can affect
drug pharmacokinetics and pharmacodynamics. These authors em-
phasize the importance of polypharmacy and drug-induced adverse
effects in frail older people and also highlight the importance of con-
sidering frailty in clinical trials of new medications.

We have learned much about frailty after almost two decades of
research, but there is still much more to know. Some pressing, un-
answered questions are: what are the underlying biological mechanisms
of frailty and how distinct are these from mechanisms of ageing and
age-related chronic disease? Increased focus on research in preclinical
frailty models, models of age-related diseases and studies of interven-
tions to target frailty will expand our understanding, as will our
growing knowledge of the biological mechanisms of ageing itself.
Another key unanswered question is how to target the underlying
mechanisms of frailty to delay or treat this state in older people. The
authors of many of the papers in this issue highlight the fact that, de-
spite promising preclinical evidence, there is a lack of well-designed
clinical studies testing interventions in frail older people. They suggest
that more evidence is needed to understand the biology of frailty and
optimise the use of interventions to delay or treat frailty in the older
population.

The articles included in this special issue of Mechanisms of Ageing
and Development highlight much of what is now known about frailty and
the biological underpinnings of the frail state. They also draw to at-
tention that there is still a great deal more to learn about the biology of
frailty. We are near the mouth of the cave and have yet to explore its
depths - there is much spelunking to be done.
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