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A video on

“BEWARE OF FRAILTY”

A short 40 seconds film was realized in collaboration with the IAGG and its GARN Network, to promote autonomy of
old people. It was funded by the CNSA (Caisse Nationale de Solidarité pour I'Autonomie), a French state organization
and is available in eleven versions:

English https://www.youtube.com/watch?v=T9-JPN_jY9I

French https://www.youtube.com/watch?v=YsmkRlooCz0

[talian https://www.youtube.com/watch?v=aFImlnydU80

Spanish https://www.youtube.com/watch?v=NcBG7Lefal A

Portuguese https://www.youtube.com/watch?v=00xn9IKRwmA

German https://www.youtube.com/watch?v=5wYa6NlceKM

Persian https://www.youtube.com/watch?v=A3euyAgdzlw

Korean https://www.youtube.com/watch?v=7kbfV DrZrx|

Chinesel https://www.youtube.com/watch?v=n8cz-Adilcw

Chinese2 https://www.youtube.com/watch?v=zyydMw9uim8

Japanese https://www.youtube.com/watch?v=72_UGmg37ZGk

The film can be disseminated via any type of screen: social networks, websites, local TVs, or during events dedicated
to old people. We also invite you to target a large public, networks, colleagues, local authorities and all those whose
work to prevent dependency of older people.
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railty is a clinical state in which there is an increase

in an individual’s vulnerability for developing de-

pendency and/or mortality when exposed to a
stressor. Frailty can occur as the result of a range of dis-
eases and medical conditions, but this syndrome can be de-
layed, if identified and managed early enough.
Established in 1950, the International Association of Get-
ontology and Geriatrics IAGG) has always been commit-
ted to promoting the highest quality of life and well-being
of all people as they experience aging at an individual and
societal level. For this reason, IAGG launched the Global
Aging Research Network (GARN) in 2011 to get together
the world’s best research centers dedicated to biological and
clinical Gerontology.
The White Book on Frailty, endorsed by the IAGG GARN
Network, aims to promote preventive interventions against
disability and to provide information on how to adequate-

ly implement frailty into everyday clinical practice. To this

effect, it will highlight current knowledge on the identifica-
tion of target population, the assessment of frail old adults,
and the development of tailored intervention programs. We
now know that early detection and intervention is critical to
addressing frailty.

The White Book presents a general overview of the topic
and details the main frailty pathologies. Assessment tools
and implementation initiatives are presented, in view of
preventing and/or delaying disability and dependence, at
home, in the community and in hospital settings.

We hope that each contribution will help raise awareness on
frailty and its outcomes. We take this opportunity to thank
the authors for their support and input. It is our wish that
this book will encourage healthcare professionals around
the world to develop actions at a local, regional, national
and international level for the benefit of elder people.

Thank you very much for your consideration.
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railty, a progressive physiologic decline in multiple

body systems, is defined as a state of increased

vulnerability to the stress that carries an increased
risk of disability, functional decline, hospitalization and
mortality in older adults. Referring to the general popula-
tion studies in the world, the prevalence of frailty varies
from 4.9% to 27.3%, and also that of pre-frailty varies from
34.6% to 50.9%.(1) Researchers have revealed that even
when individuals with acute and chronic medical conditions
were excluded, 7% of the population aged 65 and over and
20% of the population aged 80 and over are frail.(2) It
means that frailty is an elderly specific geriatric syndrome.

Recognition of frailty or pre-frailty is important for clin-
ical practitioners and also policy-makers because it poses
a greater risk of adverse health outcomes such as falls, in-
creased morbidity, physical and psychosocial dependence
and death. Frailty leads to the increase in long-term care
need for older persons. When we see the influence to the
health policy, frailty leads to the increase in medical costs
and imposes bad influence on healthcare financing. So,
preventing the frailty is a very important issue now on the
globe, as such an effort can result in the reduction of de-
pendency, institutionalization, long-term care needs and

medical/social expenditures.

(1) Choi J, Ahn A, Kim S, Won CW. Global Prevalence of Physical
Frailty by Fried's Criteria in Community-Dwelling Elderly With Na-
tional Population-Based Surveys.] Am Med Dir Assoc. 2015 Jul 1;
16(7):548-550.

Good news is that not all older persons get frail. And the
better is that many states of pre-frailty and some frailty can
be reversed to robust and pre-frail conditions. We must re-
member that frailty cannot be overcome by just combat-
ing with the traditional concepts of chronic diseases. We
should treat and manage the frailty with a new concept and
approach such as comprehensive functional assessments or

multidisciplinary interventions.

In recent years IAGG has involved in research and train-
ing on frailty through IAGG GARN networks all over
the world. The research findings of the networks imply
that early detection and intervention is most important to
prevent and protect frailty. The collaboration among the
TAGG GARN institutes has been very precious. That is the
just way the members of IAGG GARN work on it.

The mission of IAGG is to promote the highest levels of
achievement of gerontological research and training world-
wide in order to promote the highest quality of life and
well-being of all people. For this mission, IAGG will con-
tinue to support the research and training activities of the
TAGG GARN networks on frailty and the international co-
operation for frailty.

(2) Wilson JF. Frailty - and its dangerous effects - might be preventa-
ble. Ann Intern Med. 2004; 141:489-492.
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his White Book on Prailty appears at a critical

time in the development of our understanding

of the pathophysiology, clinical course, incidence
and prevalence of this very important geriatric syndrome.
While we work to enhance early detection of frailty and
development of effective prevention and treatment strate-
gies, we must also be mindful of important societal trends
that may aggravate the incidence or severity of frailty and
complicate its effective management. Two such changes
are changes in the structure and function of families and
the increasing gap in socioeconomic status between the

“haves” and the “have not”s in many societies.

CHANGES IN THE STRUCTURE AND FUNCTION
OF THE FAMILY

Anyone with experience in the care of older persons is
aware of the critical importance of family supports in serv-
ing as the primary safety net for the social, psychological
and financial needs of older persons. The capacity of the
family to serve this traditional role is threatened.

Simultaneous increases in life expectancy and decreases in
fertility are leading to more elders with fewer younger fam-
ily members to support them. Increases in women’s par-
ticipation in the workforce and the fact that as the oldest
old reach into their 90s and beyond, their children are also
becoming old and have problems of their own further ag-
gravate the difficulty. As divorce and cohabitation become

more common, the traditional nuclear family fades and re-
formed or “blended” families emerge. And in developing
nations dramatic migration of youth and young adults from
rural areas to urban centers is leaving the older generations

behind with weakened informal support systems.

These changes in the structure and function of the family
place additional stresses on the health care workforce and
community-based resources, especially regarding the sup-
port of frail elders with multiple needs.

DISPARITIES

The gap between the rich and poor is widening in both
developed and developing countries. With respect to health
care for the elderly, there is concern regarding the long term
implications of this troubling divergence of “haves” and
“have not”s. The cumulative disadvantage in wages, labor
market participation, and wealth accumulation, is reflected
in functional capacity and may lead to increases in the in-
cidence of frailty as well as difficulties in bringing together
the resources needing to provide comprehensive care for
frail elders.

These trends in families and socio-economic equity suggest
that major challenges are on the horizon for the manage-
ment of frail elders and provide even greater impetus for
acceleration of the development of effective strategies for

the prevention and management of frailty.
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he ageing population represents a special chal-

lenge for China, a country with 1.3 billion people

(about 18% of the global population). It has been
estimated that by the end of 2010, older persons in China
were 178 million (13.3% of the Chinese population). Al-
though the longer life expectancy is a clear sign of scientific
and cultural advancements, it still potentially exposes the
public health systems to the risk of unsustainability due to
the parallel increase of age-related disabling conditions. In
particular, elders with partial or total disability in China were
33 million (19% of the older persons in China) in 2010.

In these last decades, mounting interest has been devoted
by the scientific community to the so-called “frailty syn-
drome”, as frailty is considered an ideal target for conduct-
ing preventive activities against disabling conditions in the
elderly. Unfortunately, very little evidence on the topic is

coming from China.

In the past five years, the Center of Gerontology and Ger-
iatrics of West China Hospital dedicated in promoting
the awareness, clinical practice and research about frailty
in Chinese geriatricians. As a member of IAGG GARN,
many geriatricians in the Center are trained through IAGG
GARN networks all over the world about how to integrate
the frailty in clinical practice. The collaboration of research
work about frailty is in progress with Saint Louis Universi-
ty, the Gérontopole in Toulouse, and Dalhousie University.
Just as President Heung Bong CHA said, the just way the
members of IAGG GARN work on the frailty is the col-
laboration. Our works in the Center provide one precious
model for the collaboration. That is also one shortcut to
help Chinese clinical practitioners early detect and inter-
vene frailty.
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he proportion of older people in the population

is increasing in almost every country. By 2050,

around 2000 million people in the world will be
aged 60 years or over, with 400 million aged 80 years or
over. Of them, 80% will be living in what are now low- or
middle-income countties.
The transition to older populations will challenge society in
many ways. Demand for health care, long-term care, social
care and pensions is likely to increase, while the proportion
of the population in traditional working ages will fall. But
population ageing also presents many opportunities. Older
people make important social contributions as family mem-
bers, volunteers and active participants in the workforce.
Indeed, older populations represent a substantial, but as yet
underutilized, human and social resource.
Health in older age will be a crucial determinant of where
the balance will lie between the costs and benefits associ-
ated with population ageing. Poor health undermines the
ability of older people to remain actively engaged in society,
limits their contribution and increases the costs of popula-
tion ageing. Investing in health across the life course lessens
the disease burden in older age, fosters the ongoing social
engagement of older people (helping to prevent isolation)
and has broader benefits for society by enabling the multi-
ple contributions of older people.
Poor health in older age is a burden not just for the individ-
ual but also for his or her family and for society as a whole.
The poorer the family or the setting, the greater the poten-
tial impact. Loss of good health can mean that an older
person who was previously a family resource may no longer
be able to contribute and may, instead, require significant

support. This care is often provided by women who may

need to give up other career aspirations to deliver it. The
cost of health care for an older person can impoverish the
whole family. These burdens are spread inequitably. Those
with the least resources, or who live in the poorest areas,
are most at risk.

Health in older age is determined by pathways or “trajecto-
ries” that develop across the life course. These trajectories
are influenced by an integrated continuum of exposures,
experiences and interactions. The impact of many factors
is greatest at specific critical or sensitive periods of devel-
opment. These can start very eatly in life, with experiences
that can “program” an individual’s future health and devel-
opment. Subsequently, risk and protective factors across life
have a cumulative effect on health trajectories.

Because of the cumulative nature of these influences, one
of the hallmarks of ageing is diversity. Many older people
will be healthy and well educated and will want to continue
to play an active role in society. Others of the same age
may be poor, illiterate and have no financial security. Pol-
icies to enable older people to maximize their capabilities
must address the broad spectrum of needs in these diverse
populations.

CHALLENGES AND RESPONSES

Health systems
Current health systems, particularly in low- and middle-in-
come countries, are not adequately designed to meet the
chronic care needs that arise from this complex burden
of disease. These needs span the life course and the care
continuum: from prevention to detection, early diagnosis,

treatment, rehabilitation, long-term care and palliative care.
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In many places, health systems will need to move from fo-
cusing on the delivery of curative interventions for single
acute problems to a more comprehensive continuum of
care that links all stages of life and deals with multiple mor-
bidities in an integrated manner.

Towards the end of life, many people will eventually require
assistance beyond that habitually required by a healthy adult.
Most of these individuals prefer this “long-term care” to
be provided in their home, and this is often delivered by
family members. For those with severe functional decline,
institutional care may be required. There are few standards
or guidelines on the most appropriate care, family carers
often lack an understanding of the challenges they face, and
care may be disconnected from health services. This can
leave the needs of the older person inadequately addressed,
with carers facing a greater burden than is necessary and
acute care services being inappropriately used to fill gaps in
chronic care. Furthermore, changing social patterns mean
that it may not be sustainable to rely on families alone to
meet many of these needs. The relative number of older
family members is dramatically increasing; older people are
less likely to live with younger generations and are more
likely to express a desire to continue living in their own
home; and women, the traditional family carers, may have
changing career expectations. New systems of long-term
care are therefore urgently required, to provide a continu-
um of care that is tailored to a continuum of need. These
should be focused on the individual, closely linked to health
systems and designed to maintain the best possible func-
tion, well-being and social participation.

Worktorce
Health system limitations are compounded by major work-
force gaps. Few members of ecither the formal or informal
workforce are adequately trained to meet the specific needs
of older people, and demographic change means that as
the number of older people rises, the relative number of
people in traditional working ages will fall.

New social models

Rigid ideas about the life course and ageist stereotypes limit
our ability to find innovative solutions. For example, social
systems often artificially categorize people into life stages
based on chronological age (e.g. student, adult, retired).
These concepts have little biological basis. With people liv-
ing 10 or 20 years longer, a range of life options that would
only rarely have been achievable in the past become possi-
ble. A life course approach to healthy ageing views life as a
continuum, recognizes and enables the valuable contribu-
tions of people at all ages, strengthens links between gen-
erations and develops strategies to build capabilities across
all stages of life.

Ageing is interrelated with other major global trends, in-
cluding migration, changing roles of women, urbanization,
technological change and globalization. These and other as-
pects of the physical and social environment can strongly
influence both the health of an older person and his or her
capacity to participate actively in society. Innovation will be
a crucial component of successful strategies to address the

challenges of population ageing.

Gender
Gender exerts a powerful influence on health and ageing
across the life course and in older age. Traditionally, women
have provided most of the unpaid care for family members
across the life course (from child care to elder care). This
is often to the detriment of their own participation in the
paid workforce and has many consequences in older age.
These include a greater risk of poverty, more limited access
to quality health and social cate services, a higher risk of
abuse, poor health in later life and reduced access to pen-

sions.

Knowledge

There are major knowledge gaps that prevent us from tak-
ing appropriate and effective action on ageing and health.
Even basic questions such as “are people living longer
healthy lives, or are the additional years gained experienced
in poor health?” cannot yet be answered. Other major gaps
include understanding the causes and management of key
conditions such as dementia. Even where strong evidence
exists, barriers remain to its translation into policy and prac-
tice.

Current approaches to the development of policies and
health interventions often exclude older people, even
though they may be the main users or targets. Older people
and those with comorbidities are routinely excluded from
clinical trials, so our understanding of which treatment op-
tions are best in older ages is limited. Much routine data
collection either excludes older people or aggregates all
people over a certain age (such as 70 years and above), so
we often cannot accurately assess health need or whether
this is being met.

Leadership
While global attention on population ageing and health
is rapidly increasing, existing responses are disjointed and
outdated. There is no global strategy and no global action
plan. Both the Madrid International Plan of Action on
Ageing (1) and the WHO contribution Active ageing: a pol-
icy framework (2) are over 10 years old, and Member States
need more up-to-date guidance to help them prioritize their
actions in a rapidly changing world. To ensure that this
guidance is grounded in the best available evidence, there is
an urgent need for a platform that brings together key ex-
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perts to advise decision-makers on global action priorities.
There is also an urgent need to coordinate global responses

on ageing and health between key agencies.
RECOMMENDATIONS

Advocacy
Population ageing is one of the biggest demographic tran-
sitions the world has ever faced. Good health is central to
ensuring that social and economic benefits are fully real-
ized, and the development of sustainable health and social
care systems is crucial if costs are to be controlled. There
is a need for powerful international and national advocacy
to ensure that the centrality of health is understood and
that the opportunities arising from it are fully appreciated.
As a step towards this goal, World Health Day 2012 had
the theme “Good health adds life to years”, to bring global
attention to bear on issues related to ageing and health. The
Secretatiat continues to convey these messages in many fo-
rums, but these perspectives need to be given even greater

prominence in global development and research agendas.

Convening and coordinating

The Secretariat partners with many other organizations, in-
cluding the International Association of Gerontology and
Geriatrics and the International Federation on Ageing, to
link experts and decision-makers in this field. But a more
formal expert advisory mechanism is needed, to inform the
Director-General and other stakeholders about key knowl-
edge gaps and priorities for research and action in the field
of ageing and health.

A comprehensive global strategy on ageing and health, fol-
lowed by a global ageing and health action plan with meas-
urable outcomes, is needed to shape future global priorities

in this area.

Support to Member States
The Secretariat currently supports Member States by pro-
viding guidance on key issues and promoting uptake of this
evidence into policy and action at country level. This work
is carried out by all levels of the Organization. The project
on “Knowledge translation on ageing and health” supports
Member States in identifying priorities for action and de-
veloping evidence-based policy options. The approach was
piloted in Ghana in 2013 and will be applied in China in

REFERENCES

2014. The Secretariat is also working to support the devel-
opment of physical and social environments that foster ac-
tive and healthy ageing through the WHO Global Network
of Age-friendly Cities and Communities. This network en-
courages the exchange of experience and mutual learning
between cities and communities that are creating inclusive
and accessible “age-friendly” environments. It currently has
over 150 member cities and communities in 21 countries
worldwide, as well as 10 affiliated country programs.
However, more support is needed. This includes:

* defining the best steps that countries at different levels
of development can take to build an integrated continu-
um of care spanning primary health care, inpatient care,
long-term care and end-of-life care;

* identifying evidence-based strategies to create environ-
ments that foster healthy and active ageing and enable
intergenerational collaboration;

* developing models and standards for monitoring and
quantifying the health of older people;

* claborating strategies for capacity-building and work-
force development to address the health needs of older
people;

* identifying sustainable financing models to ensure ac-

cess to services.

Knowledge generation and management

WHO will release the first global report on ageing and
health in 2015. This will constitute a crucial resource for
Member States, defining what is currently known, outlin-
ing case studies of innovative responses and making clear
the gaps in our knowledge. Nonetheless, there is an urgent
need to ensure that these knowledge gaps are included in
global research agendas.

As a first step, data gathered by the Organization need to
be collected across the whole life 22.course and disaggre-
gated by sex and age, to distinguish between different stag-
es of ageing. The standards and practices recommended
by WHO for data collection by Member States should also
promote disaggregation by sex and age across the whole
life course. Furthermore, objective indicators are urgently
needed for monitoring the health of older adults, includ-
ing determinants and consequences, and encouragement
should be given to research that identifies the most cost-ef-

fective interventions.

1. Political Declaration and Madrid International Plan of Action on
Ageing. New York: United Nations; 2002 (http://undesadspd.org/
Ageing/Resources/MadridInternationalPlanofActiononAgeing.
aspx, accessed 4 December 2013).

2. Active ageing: a policy framework. Geneva: World Health Organi-
zation; 2002.
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he European Innovation Partnership on Active

and Healthy Ageing was launched in 2012 as a

Commission response to demographic chang-
es in the EU, in the framework of Europe 2020 strategy.
Three years since it was launched, the Partnership is help-
ing to identify and develop new approaches for supporting
change, placing patients at the centre of the health and so-
cial care systems and moving away from hospital-centred,
reactive, disease-focused care, towards a proactive, commu-
nity-based model of prevention and continuous care man-
agement, with the participation of the patient and informal
care-givers.
Within the Partnership, a specific Action Group on Pre-
vention of Frailty started to work in June 2012. After two
invitations for commitments launched by the Commission,
160 partners expressing a total of 131 commitments atre
working together in a multidisciplinary Action Group.
The aim of this group of partners is to provide older peo-
ple with safe, effective, compassionate, high-quality care
and to encourage care services to improve the organisa-
tional context supporting everyday life and clinical practice
encountered by frail older people and their care-givers. To
do this, the group of EIP partners working on prevention
of frailty is implementing innovative solutions to better un-
derstand the underlying factors of frailty, is exploring the
association between frailty and adverse health outcomes in
older people and is working to better prevent and manage
the frailty syndrome and its consequences.
The Partnership reflects a growing awareness that better

care and sustainability of health services calls for innova-

10

tive ways to address the needs of the elderly. It has encout-
aged a wide range of stakeholders to join forces, to improve
cooperation, and to foster political commitment, so as to
encourage innovative solutions towards a better quality of
life as citizens grow older. It identifies a set of actions that
have started as carly as 2012 and will deliver measurable
outcomes within the 2012-2020 timeframe.

WORK DEVELOPMENT

The group of partners working on prevention of frailty is
currently implementing an agreed common Action Plan.
This was based on the objectives, activities, timing and de-
liverables specified in the 131 commitments sent in by a
group of stakeholders. This Action Plan frames the work to
be applied by all partners who adhere to this group.

The groups’ ambition is to create critical mass to push the
frailty prevention approach towards is tipping point in the
following domains. Specifically, their objectives and activi-
ties address the challenges that fall in any of the following
domains:

1. Prailty in general

2. Cognitive decline

3. Functional decline

4. Nutrition

5. Care givers and dependency

6. Physical activity
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The strength and added-value of working in the Partner-
ship has been that every member’s individual work contrib-
utes to the achievement of a grander common objective.
Together they explore common solutions for the key chal-
lenges related to frailty, physical and cognitive decline as
well as risks factors such as malnutrition or lack of physical
activity for older people.

The group of partners has in particular focused their work
on certain areas where actions related to frailty have the
potential to advance at a quicker pace (by joining efforts)

such as:

Advocacy
* Informing the opinion on frailty interventions at levels
where priorities ate determined and decisions are taken.
* Bring attention to the issue of frailty in older people
being a common EU public health problem.

Protocols and programmes on screening and prevention

* Preventing occurrence of frailty and avoiding its pre-
dictable negative consequences.

* Preventing factors, such as malnutrition or lack of reg-
ular physical activity, which have impact on different
components of the frailty syndrome.

* Supporting adequate nutrition and physical activity.

* Prevention, screening and early assessment of risk fac-

tors.

Care management and assessment

* Supporting evidence based interventions through ap-
propriate pathways of Health and Social Care to avoid
incident frailty, its progression to disability and its neg-
ative consequences.

* Diminishing avoidable and recurrent hospitalizations.

¢ Training professionals to improve their knowledge and
skills and keep pace with new needs.

* Supporting care-givers in their tasks of caring for their
dependant relatives.

* Identifying those patients whose outcomes have the
higher costs for the health system.

¢ Identifying those most at risk and those who will bene-
fit most from the interventions.

* Supporting a multi-disciplinary approach to care and
management.

* Evaluating current interventions and supporting what
really works.

* Supporting care and preventive interventions that can
be better delivered within the community.

e Sharing good practices ready to scale up.

* Implementing guidelines to improve management and

prevention of frailty.
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Research
* Improving methodology for the screening and identifi-
cation of pre-frail status.
* Basic research development on any of the six (joint-
ly-identified) domains of frailty.

WHAT EVIDENCE HAS THIS WORK PROVIDED?

Framing the idea of the “frailty prevention approach” has
been the fundamental outcome of the work done by the
partners in the EIP. Through the work that has been con-
ducted on advocacy, screening, research and coordination
of care, the partners have contributed to establish a com-
mon European approach to tackle frailty in older people.

In almost 3 years of collaboration the partners have con-
tributed to establish a common Furopean approach to
provide older people with safe, effective, compassionate,
high-quality care and to encourage care services to improve

in this regard by tackling frailty in older people.

Although the activities are still in the early stage, the part-
ners have already achieved some results, such as:

* A more comprehensive and clear understanding of frail-
ty and its priorities: the exchange of knowledge and ex-
pertise among partners has resulted in the identification
of clear benchmark on 6 main areas of intervention:
frailty in general, physical decline, cognitive decline, nu-
trition, dependency and care givers, physical exercise.

More reliable trials: many partners had the opportuni-
ty to test their protocols and tools in broader settings,
allowing strengthening the reliability of both protocols
and tools.

Shaping a new model for screening, treatment and

monitoring of frailty and functional decline.

A more suitable training offer for healthcare profes-
sionals: different Group members have proposed im-
proved training courses for nurses, social workers and
PhD students on frailty topics.

A collection of good practices in frailty prevention.
The final text gathers 98 good practices coming from
14 Member States. It offers a grasp of what are the
main achievements and what kind of experiences are
being carried out in some European regions around the
topic of frailty and functional decline. The numerous
and varied examples of Good Practices, promote the
visibility of a wide range of interventions undertaken in
clinical settings, research centers and in the community,
aimed to reduce age-related frailty, disability and suffer-

ing associated to it.

Contribution to the policy debate at EU level, providing
technical inputs to the European Commission on frailty
and functional decline in particular through the interna-
tional conferences on Frailty in April 2013 and June 2014.
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Some of the preliminary results and the collection of good
practices can be a source of inspiration for further manage-
ment improvement and policy development. In the coming
years efforts aimed at raising effectiveness of care delivery
will be crucial. Working closely and sharing ideas and solu-
tions can help the EU as a whole to find and implement
new strategies to tackle frailty.

EU Member States are at different stages in their efforts
to address the need for help and care of frail and most
vulnerable older people. Whereas some are still develop-
ing their first strategies, others have accumulated more than
four decades of experiences. The potential in the area of
frailty prevention for the EU to add value by facilitating the
transfer of know-how is therefore particularly large.

The wealth of evidence that partners have brought to the
table provides a sound basis on how innovations in assess-
ment and management of health and social needs can be
used in new approaches of prevention and care for older
people, and how these can be implemented in daily life.
Through a process of informed deliberation the EIP pro-
cess has selected cases that involve clear examples in which
policy intervention could reduce frailty and cognitive de-
cline. These cases should be seen as illustrative examples
rather than constituting a comprehensive overview of all
the actual work being developed and all the thinking behind

the different projects and interventions.

CONCLUSIONS

Framing the idea of the “frailty prevention approach” has
been the fundamental result of the work done since the
EIP was launched three years ago. In this respect, the need
to tackle frailty in the older people across EU is now ac-
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cepted by a large number of stakeholders spanning policy
makers, professionals and researchers across EU Member
States.

The EIP partners are committed to work towards solutions
that can be easily implemented and replicated by others in
Europe. This aspect emphasizes the spirit of the Partner-
ship in a broader context and strengthens the work already
done by many of them. These 3 years of work have es-
tablished a solid ground on which to build common and
effective approaches to tackle frailty in old age. But still fur-
ther work and policy support and resources are needed so
that tackling frailty in older people is no longer an issue of
public debate.

Finding new tools and strategies to prevent and treat frailty
in all its dimensions will not only improve dramatically the
quality of life of old people, but will also reduce both the
number and the length of hospitalisation and institution-
alisation. The final results will be alleviation in the budget-
ary pressure of our health and social care systems, allowing
Members States to more efficiently allocate the resources
for the health and care of their citizens.

In the coming years efforts aimed at raising effectiveness
of care delivery will be crucial. Working closely and sharing
ideas and solutions can help the EU as a whole to find and
implement new strategies to tackle frailty.

The Partnership provides a platform for national and re-
gional authorities and key stakeholders to coordinate and
mobilize actions in strategic areas, identify good and rele-
vant practices, finally replicate and scale-up the most need-

ed and successful solutions.
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wo main approaches have been proposed to as-

sess frailty, the model of Fried (Fried et al, 2001)

and the model of Rockwood (Rockwood et al,
1994). The Fried’s paper “Frailty in Older Adults: Evidence
for a Phenotype™ has been cited more than 3,800 times since
2001 and the Rockwood’s paper “Frailty in eldetly people:
an Evolving Concept” has been cited more than 350 times
since 1994, illustrating the great popularity of the concept
of frailty in gerontology over the past 20 years. Although
quite different, these two models have in common not to
have been involved in the debates of 1980s and 1990s on
models and classifications of health conditions, such as the
International Classification of Impairments, disabilities and
handicaps (ICIDH), published by the World Health Ot-
ganization (WHO) in 1980 as a classification of the conse-
quences of disease (WHO, 1980), or the International Clas-
sification of Functioning, Disability and Health published
by the same WHO twenty years later (WHO, 2001). The
result, for these models, is that there is some ambiguity in
what is covered by the concept of frailty, especially in re-
gard to the concepts of impairments and functional limita-
tions of the disablement process. Does frailty measure the
same things than impairments and functional limitations or
is it clearly distinct from the concepts of disability? This is
especially true for the Rockwood’s model that offers a four-
point scale, ranging from the absence of any problem in
physical and cognitive functioning to total dependence on a
third person (care giver) for daily living activities.
In the Fried's model, there is in theory a clear distinction

between frailty and disability. In this approach, not only
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frailty is distinct from disability, but it is also from the accu-
mulation of diseases (comorbidity). Frailty is presented as a
major risk factor for disability and death (Fried et al, 2001).
The state or states of frailty would concern individuals not
suffering disability and loss of independence or not yet. In
practice, as in the illustration given by Fried and his col-
leagues, it is more complicated because individuals with dis-
abilities or dependent in daily life activities are not excluded
from the analyses. As most individuals with disabilities or
dependent in daily life activities are found in the pre-frail or
frail categories, it is difficult to say what is the specific con-
tribution of frailty in the prediction of worsen disability or
mortality. Accordingly, the French study of frailty (Sirven,
2013) distributes the entire population of 50 years and over
in all three categories, robust, pre-frail and frail, ignoring
the factors previously identified as determining the loss of
independence as, for instance, disabling diseases, function-
al limitations and activity restrictions. It is clear that such
studies, replacing the concepts of disability by the concepts
of frailty, cannot bring a lot more knowledge about the loss
of independence that studies based only on concepts of
disability.

Actually, Fried and colleagues suggest that frailty measures
or indicates a decline in physiological reserves and resist-
ance to stress regardless of existing pathologies. It would
be, in other words, a measure of the biological senescence
or an assessment of the remaining health capital. If the
international classification of disability (WHO, 1980) and
related models well apprehend the disablement process as
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a consequence of illness and/or accidents, they ignore the  physiological reserves. When secking to attribute, in ad-
possibility of a biological process leading to the decrease  vanced statistical models, disability to morbid causes, ac-
physiological reserves. This is where the concept of frailty  cidents and/or disabling diseases, a significant proportion
is interesting because it allows a second pathway that can  of disability remains unexplained. The integration of the
lead to disability and loss of independence (Figure 1). The concept of frailty in such models should be quite useful as
first, the “disablement process” is based on accidental or  the unexplained part of disability increases with age.
medically cleatly identified causes, disabling diseases, im-
pairments, functional limitations, etc. The second, the frail-  The success of the international classification of disability
ty process, requires no cleatly identifiable medical causes. It~ (WHO, 1980) has led to a first revision, paying much more
reflects at the level of the whole organism, reduced phys- attention to non-medical and non-accidental causes of dis-
iological reserves over time which may be due to small or  ability (WHO, 2001). Similarly, the current success of the
great causes that it is not necessarily needed to identify. concept of frailty leads to its extension to other domains
such as social or psychological frailty. The example of the
Of course the two processes must interact constantly. The — Fried’s frailty model, described above, reminds us that the
state of physiological reserves should depend, in a measure  introduction of a new concept only values if it is not just
to be determined, of past morbid events and the develop-  renaming existing concepts differently.

ment of new disease must depend in part on the state of

Figure 1: Two processes leading to the loss of independency: the disablement process and the frailty process

>>> >>> / Life course / Time / Age / Exposure / Use >>>>>>

Accumulation of events: diseases / accidents >>> impairments >>> functional limitations

FL-free Functionnal Lim.  BEE S Dead

Frailty-free Pre-frail Frail Disabled Dead

Accumulation of years lived >>> decrease in reserve >>> frailty
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Abstract: Frailty is a multiply determined vulnerability
state. People who are frail are at risk of many adverse health
outcomes, including death. For any individual, this risk can
only be expressed probabilistically. Even very fit people can
suddenly die or become catastrophically disabled, but their
risk of both is much lower than a very frail person, who
might nevertheless suddenly succumb without worsening
health. Frailty occurs with ageing, a stochastic, dynamic
process of deficit accumulation. Deficits occur ubiquitously
at subcellular levels, ultimately affecting tissues, organs and
integrated organ action, especially under stress. Some peo-
ple are disposed to accumulate deficits at higher rates, but
on average, deficit accumulation varies across the life course
and likely is mutable. In this way, the clinical definition of
frailty is distinct from the statistical definition, which sees
frailty as a fixed factor for an individual. Recent, eatly an-
imal work links subcellular deficits to whole body frailty.
In humans, clinically detectable health deficits combine
to increase the risk of adverse health outcomes. The rate

s is well known, two general approaches are used
to characterize frailty (1-3). One sces frailty as a
phenotype, with five key clinical features (4), that
sometimes are expanded to include impairments in cogni-
tion and mood (5), or at other times reduced to just im-
paired nmobility (6) or grip strength (7). Another sees frailty

arising as a consequence of the accumulation of deficits (8).
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of deficit accumulation occurs with remarkable regularity
around the world, as does a limit to frailty. Of note, when
20+ deficits are counted, these characteristics are indiffer-
ent to which deficits are considered. The expression of risk
in relation to deficit accumulation varies systematically. For
example, at any given level of deficit accumulation, men
are more susceptible to adverse health outcomes than are
women. Likewise, in China, the lethality of deficit accumu-
lation appears to be higher than in Western countries. In
consequence, it may be necessary to better distinguish be-
tween frailty and physiological reserve; the latter may apply
chiefly in relation to microscopic deficits. The expression
of frailty risk in relation to deficit accumulation depends
on the environment, including both the physical and social
circumstances in which people find themselves.

Key words: Frailty, deficit accumulation, frailty index, aged,
frailty phenotype, physiological reserve, mathematical ger-

ontology, stochastic dynamics.

The two approaches have in common the idea that frailty
is a multiply determined vulnerability state, putting people
at risk for a range of adverse health outcomes, including
death. They also view frailty as an individual characteristic,
and one that can change over the life course. (This is in
contrast to the statistical definition of frailty, which sees it

as a fixed individual factor (9), similar to Beard’s notion of a
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longevity factor (10)). The two also share the idea that frail-
ty underlies the variable vulnerability to adverse outcomes
of people of the same chronological age. This last means
that both approaches to measuring frailty have been validat-
ed in relation to mortality prediction; this is a reasonable, if
rough standard, but there is more to frailty than mortality
prediction, a point elaborated below. Acknowledging that
this is only one view, the purpose of this paper is to consid-
er how deficit accumulation might give rise to frailty. It will
do this by first sketching clinical deficit accumulation and
then considering how this might link to deficit accumula-

tion at the subcellular and tissue level.

FRAILTY AS CLINICAL DEFICIT ACCUMULATION —
THE FRAILTY INDEX

The strong case for frailty as deficit accumulation reads
like this. As people age, they are more likely to die. But not
everyone of the same age has the same risk of death. What
accounts for the relationship between age and death? As
people age, they are more likely to have things wrong with

Figure1

them. The more things they have wrong with them, the
more likely they are to die. Not everyone of the same age
has the same number of things wrong with them, and it is
this variability in the number of things they have wrong
with them which accounts for the variable likelihood of
death of older adults of the same age.

There is reasonable evidence for this view that variable defi-
cit accumulation is associated with variability in the risk of
adverse health outcomes (11). To interpret the evidence a
few methodological points need to be reviewed. First, the
notion of “things people have wrong with them” has been
operationalized as “health deficits”. A health deficit can be
any symptom, sign, laboratory measurement, disease or dis-
ability. In contrast to the highly specified items that make
up the frailty phenotype, what gets counted as a health defi-
cit is hardly specified at all. In fact, the only criteria are that
any candidate health deficit for inclusion in a frailty index
should increase with age, have a prevalence of at least 1%,
have <5% missing data, are related to an adverse outcome

and cover several organ systems.

Mean value of Frailty Index at each study cycle as a function of age (n=14.127, population weighted)

(Reproduced from CMA]J, Rockwood et al., 2011)
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In addition, enough deficits should be considered so that
all relevant bodily systems can be covered, as well as their
impact on function. The health deficits qualitatively should
cover more than just co-morbidities; as they assay impact
on function they should include items such as measures
of mobility, strength, physical activity and health attitude.
Quantitatively, as few as 20 items can be considered, but in
general, more robust estimates are found when the frailty
index includes 50 or more potential health deficits; after
about 70 such deficits, there appears to be little gain in pre-
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cision. When many deficits exist which meet these criteria,
they can be sampled at random with little impact on over-
all risk classification (12), although the more items that are
selected, the narrower the confidence limits (13). By virtue
of the liberal criteria for inclusion as a deficit, many clinical
and population datasets have enough information in them
for deficit accumulation to be studied using existing data.
Likewise, a typical Comprehensive Geriatric Assessment
carries enough information for frailty to be operationalized

—and graded — even without performance measures, or the
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precise items used in the frailty phenotype or like opera-
tional definitions that require (14). In either setting deficits

can be counted in a frailty index.

A frailty index is the measure by which the risk of adverse
health outcomes is calculated. A frailty index counts deficits
and standardizes the deficit count for an individual in rela-
tion to the total number of deficits considered. In short, the
frailty index score for any individual is the ratio of deficits
present in that individual to the number of deficits counted.
Consider, for example, that a health survey data set has 50
variables that each meet the criteria for being considered as
a health deficit.

Someone who had none of these would have a frailty index
score of 0/50 = 0. (This is also referred to as the “zero
state” of frailty and has particular significance, discussed
below.) Someone with 35 things wrong would have a frailty
index score of 35/50 = 0.70. As it turns out, this, and not
1.0, is the likely maximum frailty index score.

Around the world, across different data sets, and using dif-
ferent variables and different numbers of the same varia-
bles to calculate a frailty index, community-dwelling peo-
ple accumulate deficits at about the same rate — about 3%
per year, on a log scale (15). Deficit accumulation in theo-
ry starts before birth. Empirically, it can be demonstrated
from about age 15 onwards. (Figure 1). Figure One, which
reports a 40-item frailty index, shows its distribution over
7 successive waves of a cohort study. Several features are
remarkable. First, the distribution is about the same each
year, with the notable exception of slightly fewer people

Figure 2

each year who have nothing wrong with them. Next, even
though the cohort has aged 14 years, the upper limit of the
frailty index for the 99% of the population does not exceed
0.67 (16). That is because, on average, the risk of death is
closely linked to the value of the frailty index. The fact that
the maximum value is much less than 1.0 reflects the com-
mon sense clinical observation that an individual might be

as sick as they can be without having every known disease.

Although health deficits should cover both impairments in
a range of body systems and some evidence that these defi-
cits are impactful, some commentators insist that no defini-
tion of frailty should include mention of disability (17, 18).
As with other groups (19-28), this is not a convention to
which we subscribe. Amongst other reasons, the great ma-
jority of older adults have some degree of disability, espe-
cially when the “physical activity” criterion of the frailty
phenotype is operationalized as impairment in household
chores, mowing the lawn or gardening (29). Excluding dis-
ability from the evaluation of frailty also undermines the
strategy of staging frailty, which is essential for clinical de-
cision making, Given that people with a greater degree of
frailty are more at risk of adverse outcomes than those with
a lesser degree of frailty, and that the notion of frailty is
meant in part to explain why some people of the same in
the stochastic nature of deficit accumulation, as well as in
the vatiable environments in which older adults might find
themselves. What is more, even systems with no redun-
dancy and no ability to repair — a radioactive decay curve
illustrates an extreme example (30) — will show variable

survival.

The probability of death as a function of the number of the Frailty Index during 4, 8 and 12 years amongst Canadians aged 55 years and older at

baseline. (The data came for the NPHS and adapted from Mitnitski et al., 2007, Exp Geront)

The probability of death

Frailty Index at baseline
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Figure 3

The probability of death as a function of the Frailty Index during 4, 7 and 12 years Chinese people aged 55 and over.

[Reproducted from BMC Geriatric, Shi et al., 2011]
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HOW DO DEFICITS COME ABOUT?

Frailty occurs with ageing, a stochastic dynamic process of
deficit accumulation. A standard view of ageing is that defi-
cits arise first (31) at subcellular levels, and ultimately affect
tissues, organs and integrated organ action — i.e. function -
especially under conditions of stress. A variety of examples
exist, including many which ovetlap between key age-relat-
ed diseases, such as Alzheimet’s disease and diabetes melli-
tus, which affect glucose metabolism and are related to lon-
gevity in lower order animals (32). Against this background,
it might be tempting to see deficit accumulation simply as
a matter of scale. Indeed, recent animal work has shown
that the accumulation of deficits in other systems (such
as changes in sodium handling or plasma glucose levels)
is associated with both structural and functional changes
in myocytes, and with impaired mobility (33). It should be
noted however that the scale varies amongst the items con-
sidered as health deficits in a frailty index. Some may well
reflect relatively specific processes having become disor-
dered (e.g. low bone density) whereas others are much less
specific (e.g. “heart disease”). Still others integrate across a
large number of organ systems, such as impaired mobility.
These last have been named “clinical state variables” (34).
The term was chosen to be exactly analogous to a state
variable in a physical system, such as temperature, which
reflects the average of the kinetic energies of the atoms
which make up that system. The link between subcellular
deficits and state variables needs to be better understood,
so that a more quantitative and less metaphorical language

can be employed.

Another consequence of the difference in scale between
subcellular deficits and how function might be impacted is
that is important to distinguish between levels of deficits.
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At any level, the presence of a deficit reflects that the ca-
pacity to resist or repair the insult which gave rise to the
deficit has been overwhelmed. As we have seen, in humans,
macroscopic deficit accumulation is tightly associated with
mortality at the group level, where the relationship between
the mean frailty index and the risk of death increases expo-
nentially with typically very high fit, manifest, for example,
by t*>0.95. Even so, at the individual level, the outcomes of
a given level of frailty range from improvement to stability
to worsening to death. These probabilities occur with great
regularity, described as a change in the Frailty Index which
corresponds to a Poisson distribution (35). Although mor-
tality risk, for example, increases with age, even very fit peo-
ple can suddenly die or become catastrophically disabled,
but their risk of both is much lower than a very frail person,
who might nevertheless suddenly succumb without wors-
ening health. These probabilities are in, turn influenced
systematically by other factors, including social ones (such
as social vulnerability) (36-38) or the country in which a
person lives. For example, in Canada, the frailty index mor-
tality curve is convex to the baseline (Figure 2) (39) where-
as in China, it is concave to the baseline (40) (Figure 3).
Systematic variability in the risk of an adverse outcome in
relation to the number of deficits also vaties in relation to
factors more intrinsic to the individual, such as the level of
exercise or education (41, 42). What this variable tolerabil-
ity appears to reflect is how deficits impact intrinsic repair
capacity, which typically is termed “physiological reserve”
or “physiological redundancy” and which perhaps can be
measured separately (43). Given variable life circumstances,
it can be expected that some people are disposed to accu-
mulate deficits at higher rates than others do, but on aver-
age, the tendency to deficit accumulation is variable, and

likely mutable, and varies across the life course (44).
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CONCLUSIONS

Frailty is a multiply determined vulnerability state which is
related to ageing. Conceptually, it can be related to ageing
in body systems and their integrated action, and that too
can be related to subcellular deficit accumulation, although
this needs to be tested empirically, as has begun with animal
work. Considering frailty in relation to deficit accumulation
allows the interval nature of the frailty index to be exploit-
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railty is a state of increased vulnerability, which in-
creases the risk of adverse health outcomes and/
or death (1), after a stressor event. It is a dynamic
process and may be reversible or attenuated by interven-
tions focused on the undetlying causes of frailty. Many of
the causes of frailty are not necessarily age-related and irre-
versible. Most of them like physical inactivity, malnutrition
or depression, are treatable and even reversible with appro-
priate treatment, education and follow-up (1). The manage-
ment of frailty involves:
1) to screen frail older adults in clinical practice,
2) to assess them by looking after the causes of frailty and
3) to propose strong and long-term useful interventions.
A comprehensive geriatric assessment (CGA) is a multidi-
mensional and multidisciplinary evaluation designed to de-
termine the underlying causes of frailty. The older person
is central to the process. The purpose is to plan and catrry
out a personalized multi-domain intervention plan. This in-
tervention plan will vary because frailty has different causes
in different people.

SOCIAL, ENVIRONMENTAL AND FINANCIAL SUPPORT

The social evaluation includes aspects such as level of ed-
ucation, marital and living status, informal support avail-
able from family or friends, formal support and financial
situation. In addition, living arrangements (home comfort,
facilities and safety), use of telehealth technology, transport
facilities and accessibility to local resources should also be
evaluated. It is also important to assess the ability to fulfill
societal, community and family roles, as well as participate

in recreational or occupational tasks.

22

The existence of a strong social support network can fre-
quently be the determining factor of whether the patient
can remain at home. Elders may also qualify for being of-
fered care resources, depending upon their income. The use
of home care support services, home healthcare technolo-
gies, community programs, may be useful for avoiding so-

cial isolation and maintaining elderly adults at home.

MEDICAL DOMAIN AND MEDICATIONS

Frailty is not synonymous of comorbidity but many frail
older adults have multiple chronic conditions such as
chronic heart failure, diabetes mellitus, osteoporosis, o0s-
teoarthritis, chronic pulmonary disease or chronic renal
failure. A thorough medical examination is necessary to
identify relevant comorbid conditions, review their man-
agement, and determine their impact to prioritize medical
and pharmacological interventions. A detailed history and
complete physical examination including a complete review
of system are necessary to identify new symptoms indica-
tive of a new diagnosis or a worsening existing condition.
It is essential to ensure that there is a diagnosis or an expla-
nation for all newly discovered symptoms and signs, and
to look for reversible medical problems. The medical his-
tory should also include documentation and quantification
of alcohol and tobacco consumption. Because they have
multiple chronic conditions, many frail older people have
also a long list of medications, often prescribed by differ-
ent health care providers. By following the guidelines for
the management of chronic disease, the prescription of an
extensive list of medications could be justified. But polyp-

harmacy has negative consequences for older adults, with
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a risk of non-compliance, drug interactions, and adverse
drug reactions. Furthermore, prescriptions are often inap-
propriate in this population (anticholinergic drugs or long
acting benzodiazepines for example); but some drugs are
also insufficiently prescribed because of concerns about
frailty (such ACE inhibitors in heart failure). A review of
medication lists (including over-the-counter medications
and herbal products), their indications, effects and doses is
important. The utilization of validated guidelines such as
Beers Criteria (2) or STOPP and START criteria (3) can be
helpful to optimize medical prescriptions.

NUTRITION

Compared to the general population the elderly are more
vulnerable to inadequate nutrition because of number of
reasons such as limited dentition, diminished appetite, de-
pression, dementia, limited functional status to purchase or
prepate food, or lack of financial resources. Undernutrition
and weight loss are strongly associated with frailty in elder-
ly patients, but are still under-diagnosed. Simple measures
such as protein-calorie supplementation have been asso-
ciated with positive outcomes in older persons, especially
when associated with exercise resistance programs (1). Ata
minimum, a nutritional assessment involves the evaluation
of the current weight and height (and the determination
of the Body Mass Index (BMI)), recent changes in body
weight, food intake, and calculation of the MNA (Mini Nu-
tritional Assessment) score (4). These criteria are useful to
diagnose an under-nutrition or at-risk of under-nutrition.
The diagnosis of under-nutrition should lead to further in-
vestigations to understand the underlying causes but also
its consequences (such as sarcopenia or falls). If needed, a

dietary assessment is added.

COGNITIVE STATUS

The evaluation of cognitive function includes a thorough
history (with the patient and his/her caregiver), a detailed
mental status examination, and neuropsychological testing.
Many instruments can be used for cognitive assessment,
such as the MMSE (Mini Mental State Examination) (5), the
Memory Impairment Screening (MIS) and the clock-draw-
ing test. In case of cognitive impairment, nutritional com-
plications, falls or behavioral complications must be inves-

tigated.

FUNCTIONAL AND PHYSICAL STATUS

A major goal in the care of older adults is maintaining
their functional and physical status (e.g walking, or bath-
ing themselves, but also driving or cooking). Many exercise

programs have demonstrated efficacy in improving physical
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function in older person and preventing disability. These
exercise programs may not only improve the physical func-
tion of the patient but also their mood, nutritional status
and be integrated in social activities.

Functional status refers to a person’s ability to perform
tasks that are required for living. An older adult’s functional
status can be assessed by the Katz ADL (Activities of Daily
Living) scale (6), and the Lawton IADL (Instrumental Ac-
tivities of Daily Living) scale (7).

In addition to measures of ADLs, physical performances
might be measured by the SPPB (Short Performance Phys-
ical Battery) (8). Measures of physical performance may
identify older persons with a preclinical stage of disability
who may benefit from interventions to prevent the devel-
opment of disability. The physical assessment should also
include the frequency and duration of usual exercise and
physical activities (walking, housework) in which the patient
is already engaged. An assessment of fall history, fall risk,
gait or balance problem should be integrated into the histo-
ry and physical examination of all frail patients and can be

indicative of neurologic or rtheumatologic disease.

MOOD DISORDERS

Depression in the elderly may present atypically and re-
mained under-diagnosed and inadequately treated. It is a
serious health concern, strongly associated with frailty, and
leading to unnecessary suffering, impaired functional status,
increase mortality and excessive use of health care resourc-
es. A variety of screen tests are available for depression.
Among them, mini-GDS (Geriatric Depression Scale) scale
or GDS scale can be ecasily administered (9). If the frail
person is depressed, she should be treated.

SENSORY ABILITIES

The majority of older adults will experience some changes
in their sensory abilities. These changes may lead to fur-
ther complications such as falls, social isolation, medication
errors or poor quality of life. Vision and hearing testing
are essential in older frail patients. An ophthalmologic eval-
uation including visual acuity measurement (distance vi-
sion and near vision) and Amsler grid testing (for macular
degeneration) can be casily performed in routine. Hearing
impairment can be assessed using the Hearing Handicap
Inventory for the Elderly Screening Version (HHIE-S). In
case of hearing impairment, an otoscopic examination and
a review of medications (looking for potentially ototoxic
drugs) are recommended. Vision and hearing testing are re-
quired before any cognitive assessment.

Finally, additional components may also be evaluated such
as urinary continence, sexual function, sleeping disorders,

or vaccinations.
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The objective of this comprehensive geriatric assessment
is to propose and implement a personalized multi-domain

intervention, to prevent disability. This intervention is de-
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Abstract: Frailty is one of the major health concerns in
aging. It is considered a geriatric syndrome characterized
by muscle weakness, sarcopenia and fatigue. It is also as-
sociated with several adverse health outcomes, including
disability. Literature shows that there are a number of stud-
ies conducted to define the relationship between frailty and
nutrition. The majority is from cross sectional, longitudinal,
and cohort studies. Few intervention studies using micro-
nutrients, macronutrients, nutritional supplement, or food
regimens have been found. This review examines the nutri-
tion intervention studies targeted towards older adults with
frailty, and evaluates the effectiveness of nutrition interven-
tions on frailty indicators. Twenty-four intervention stud-
ies from six electronic databases met the inclusion criteria.

Sixteen were randomized controlled clinical trials; one was

BACKGROUND

Frailty is a geriatric syndrome involving multi-system disor-
ders, neuromuscular dysfunction, abnormalities in energy
metabolism, immune dysfunction, inflammation, and endo-
crine regulation (1-3). It has been associated with increased
risk of negative health outcomes including decline in qual-
ity of life (1, 2, 4) and disability (5). The concept of frailty
is multidimensional based on the relation between physical,
psychological, social and environmental factors (1, 3).

Literature has recorded a high variability in the prevalence
of frailty. The prevalence of frailty and prefrailty among
older adults in the United States of America were 12% and
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a quasi- experimental design, whilst the rest were controlled
trials. Participants included in the studies differed in terms
of age and frailty status. The studies were inconsistent in in-
tervention type, duration, and targeted outcomes. Most of
the studies indicated that modification of nutrition quality,
cither by giving supplements or by improving diet intake,
could improve strength, walking speed, and nutritional sta-
tus in majority of frail or pre-frail older adults. However,
there was limited evidence on the effectiveness of interven-
tion on inflammatory status and other biomarkers related
to frailty due to limited number of studies targeting frailty

biomarkers as a major outcome.

Key words: Frailty, nutrition, supplement, randomized

controlled trials, intervention studies.

59.9% respectively, whilst the corresponding figures were
21.6%, and 60.3% respectively in United Kingdom (3).
In Spain frailty was 8.4% and prefrailty was 41.8% in old-
er populations (6). Similar findings were found in Asian
countries, specifically in Thailand where the prevalence was
4.9% for frailty and 40.0% for prefrailty (7). The difference
was probably due to the variability on sample, assessment
methodology, criteria and heterogeneity in pattern of dis-
eases and lifestyles including diet.

The relationship between diet and chronic age related dis-
eases has been reported in literature (5). However, the re-
lationship between diet and mechanism of how nutrition

contributes to frailty is still not clear and needs further
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investigation (8). Nutritional status, dietary behavior, type
of food, and nutrients consumed are important parame-
ters that should be thoroughly studied to determine the
relationship between frailty and nutrition (8). Malnutrition
has been significantly associated with many of the frailty
components such as impairments in cognitive and physical
function (9, 10). The results of studies investigating the re-
lationship between body mass index (BMI) and frailty are
more controversial (5). For example, Balum and colleagues
reported a significant association between frailty and obe-
sity (11), Hubbard and colleagues reported a U-shape rela-
tionship between BMI and frailty (12), whereas Frisoli and
colleagues found no significant association (13).

Diet quality, healthy food choices, food sufficiency, and food
diversity are significantly correlated with frailty (2, 14, 15).
A higher protein consumption was associated with a lower
risk of the incidence of frailty (16). Serum levels of ca-
rotenoid, vitamin D, vitamin B0, and folate levels differed
between non-frail, prefrail and frail older women (10).
However, interventional effect of related micronutrients or
dietary patterns in the experimental studies were few com-
pared to cross sectional, longitudinal, or cohort studies.

In this review we aimed to report and evaluate the nutri-
tional intervention studies that have been conducted on
frail older adults, and to determine which type of nutri-
tional intervention significantly contributed to improving
frailty. As yet, there are no published reviews on nutritional

intervention studies and frailty that have been reported.
METHODS

A thorough search for nutritional intervention studies on
older adults with frailty using multiple electronic biblio-
graphic databases (Medline, CINAHL, Scopus, Science Di-
rect and Springerlink), was conducted. Key words includ-
ing frailty with nutrition, diet, supplement, macronutrients,
micronutrients and food were used to trace more studies.
The search was not limited to any time period but the oldest
studies were from the early1990s and onwards. The databas-
es search resulted on hundreds of studies. A screening on
the title, abstract, and methodology was done to identify the

studies that met the inclusion criteria for further analysis.

Inclusion and Exclusion Ctiteria
The inclusion critetia included:

(1) only original studies

(2) study design was experimental i.e. clinical trials or qua-
si studies;

(3) study participants were defined as “frail” or “prefrail”;

(4) intervention targets had at least one of the frailty indi-
cators: nutritional status, physical function, cognitive
function and mood, physical activity, mobility, energy,
psychology and frailty biomarkers;
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(5) intervention involved mainly nutrition alone or mixed
with others; and
(6) full-text published in English.

Studies that did not fulfill the inclusion criteria were ex-
cluded. All the selected studies were reviewed in terms
of methodology, study design, intervention type and du-
ration, participants enrolled in the studies, targeted out-
come and main findings. Figure 1 summarizes the proce-

dures of articles selection.

Figure1
Articles selection flow chart

Search criteria

Study design: interventional or experimental

Intervention involving nutrition (micro- or macro-nutrient
supplementation, food fortification, dietary pattern
modification, nutrition education program)

Participants defined as frail or pre-frail

Outcome represented by 21 frailty domain or biomarker

N
328 studies identified through databases searching

A 4
299 studies excluded after reading title and abstract
8 studies excluded because duplicates
1 study excluded because not in English

\ 4
20 full-text articles retained

y
rieved from references

Additional 4 papers ret

A total of 24 articles included in the present review

RESULTS

Twenty-four nutritional intervention studies met the in-
clusion criteria, with 2216 older adults identified as frail and
prefrail, distributed unevenly in twelve countries including
USA, Canada, Australia, Netherland, China, France, Ger-
many, Sweden, Poland, Japan, Finland and Korea. The
majority of the study design was a randomized controlled
clinical trial, followed by controlled trial; two were place-
bo controlled and blinded, one was quasi experiment. The
sample size ranged from 47 to 243, one study included
women only, while the rest included both genders, main-
ly community dwelling older adults, except for four of the
trials that were done on institutionalized older adults. The
outcome measures reported were mainly physical functions
(walking speed and strength) and nutritional status com-
pared to frailty biomarkers. Summary of clinical trials in the
present review included study design, intervention period,
assessment tools main findings and outcomes as listed in
table 1.
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Types of nuttition intervention
Various types of nutritional interventions were used ac-
cording to the requirements of the study. Nine studies
used a specific nutritional supplement formula, with calo-
ries ranging from 200 to 400 kcal per day. Other studies
used i) daily food fortification with protein supplement,
i) nutritional education and counseling for healthy food
and dietary habits, iii) an additional evening meal, dietary
counseling, and an educational program for healthy food
choices and iv) micronutrients (vitamin D, omega three fat-
ty acids, and multivitamin) supplementation as the nutri-

tional intervention.

Effectiveness of intervention
The measures used to evaluate effectiveness of the inter-
vention varied among the studies. Nutritional status, body
weight, body composition, basal metabolic rate (BMR) and
biomarkers were inconsistent due to variability in partici-
pants’ nutritional status at baseline and the types of inter-
vention used. Eleven of the sixteen studies that targeted
frailty status reported improvement in one or more of the
frailty domains, whilst the others reported improvement on
other outcomes. Most of the studies that measured frailty
parameters reported significant improvement on these pa-

rameters.
DISCUSSION

The published reviews on frailty were mainly addressing
frailty assessments and risk factors. Intervention studies in
relation to frailty are limited. Thus, in this review we fo-
cused on evaluating the effectiveness on frailty status. The
aim of this review was to answer a research question of
whether certain types of dietary intervention, nutritional or
micronutrients supplementations have an impact on frail-
ty status. The evaluation of the studies acknowledged the
higher level of evidence from RCT as compared to con-
trolled trials that includes: frailty assessment tools, frailty
indicators, nutritional status assessment and the nutrition
intervention itself.

The level of evidence of the reviewed studies is high as all
of them are clinical trials, but sixteen studies involved rand-
omization and this provided further strength in the level of
evidence (14). The rest of the studies are controlled studies.
A well-designed RCT is considered as a level A in evidence
based practice, however, the power of the study also need
to be considered (14). The quality of these studies’ method-
ology is discussed in the following paragraphs.

Frailty definition tool
Frailty assessment has been the main concern in the inter-

vention studies and has been used to assess outcomes. In
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clinical research, the frailty phenotype proposed by Fried
and colleagues is very popular and well accepted for frailty
assessment (5, 17). The Frailty Index (based on the accu-
mulation of deficits) has also been recommended for inter-
vention studies (17). However, in the reviewed studies, the
frailty phenotype was used only in 2 of the studies (18, 19),
and the Frailty Index had not been used in any of the stud-
ies. Moreover, in many of the studies frailty assessment was
not defined. Participants’ selection criteria were not clear
and it was only stated as older adults with frailty were select-
ed to participate. Nevertheless, in the study by Kim and col-
leagues mobility (gait speed) was used to define older adults
with frailty (20). Zak and colleagues used an operationali-
zation of frailty based on five criteria which was different
from the original phenotype by Fried and colleagues (21).
In the study by Olin and colleagues, level of depend-
ency was used as a tool to determine frailty status (9).
It could be concluded that frailty assessment was not con-
sistently carried out in most of the studies. This might be
due to the fact that the frailty phenotype was published in
2001, the Frailty Index later, and a systematic review evalu-
ating different frailty tools only in 2011 (17). Prior to these
publications, evidence for recommendations of frailty as-

sessment was not sufficiently available.

The frailty indicators

Frailty has several indicators which include nutritional sta-
tus, physical function, cognitive function, mood, physical
activity, mobility, energy, psychology (9, 22) and biological
markers (12). In the reviewed frailty intervention studies,
one or more of these indicators had to be included in the
intervention outcomes. The most frequently studied frail-
ty indicators in the reviewed studies were nutritional status
and physical function (18, 23, 24-30). In addition to nutri-
tional and physical functional status, physical activity was
also added to frailty indicators assessment in some recent
studies (18, 19).

A more comprehensive assessment for frailty indicators was
performed in a study among 139 older adults with frailty
which includes, the changes in cognitive function, psycho-
logical status, physical function and physical activity (31).
Psychological status, nutritional, physical and cognitive
function has been used in the frailty assessment as early
as 1994 (30). Moreover, some of the studies limited frailty
indicators in the nutritional status to only diet intake, body
composition, and serum micronutrients (32, 33, 34). Gen-
erally, the rest of the studies examined two or more of the
frailty indicators namely physical activity, nutritional, cogni-
tive and physical function.

Frailty biomarkers such as homocysteine and serum level
of vitamin B12 were studied in only two studies (20, 35).
These studies reported improvement in the oxidative stress,
immune function and inflammatory status indicating an im-
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provement in frailty status. Future studies need to consider
the inclusion of biomarkers to indicate early changes in the

biological system following intervention.

Nutritional status assessment

As nutrition and its related impact were the main issues in
frailty, comprehensive nutritional status assessments are im-
portant to report in order to highlight the effects of the
intervention on frailty. These include anthropometric meas-
urements, biochemical data (especially micronutrients lev-
el), albumin, clinical assessments using the Mini Nutritional
Assessment tool (MNA) or Subjective Global Assessment
(SGA) and dietary intake.

As shown in Table 1, nutritional assessments were conduct-
ed using several methods. Some studies reported detailed
nutritional assessments, which examined nutritional status
as the main outcome. In the study by Lammes et al. (2012),
nutritional status was assessed by using MNA, resting met-
abolic rate to estimate the energy intake, anthropometric
measurements, BMI, fat mass and body density using four
skinfolds (33). On the other hand, several studies involved
limited nutritional status assessments such as BMI and diet
(18, 20, 27). MNA (a highly sensitive and accurate tool
for nutritional assessment in older adults) has repeatedly
been used as a tool for clinical nutritional status assessment

0,19, 21, 23-25).

Type of the nutrition intervention
The nutrition intervention used in the studies included, a
single type of (n=2), multivitamins (n=4), nutritional sup-
plement formula (n=8), adding an extra meal (n=1), meals
on wheels (MOW) (n=1), mixed with exercise (n=7) and
individualized dietary counseling (n=4). The results and
outcomes varied due to the type and duration of nutrition
intervention and nutritional status before the intervention.
The studies that used energy supplements in the interven-
tion reported significant improvements in one or more of
the frailty indicators or nutritional status, while nutritional
advice and counseling (20, 33) showed no significant im-
provement. However, Nykanen and colleagues reported
improvement in frailty status with individual dietary coun-
seling (19). Probably because the study involved older adults
who were at risk of malnutrition, showed improvement in
frailty status by improving their nutritional status. This may
explain that older adults who were at risk of malnutrition,
showed improvement in frailty status by improving their
nutritional status. On the other hand, adding an extra meal
to the habitual diet showed significant improvements on
dietary intake (34). But, in the study by Olin et al. (2008) no
significant improvement was found (9), which might have
been due to the difference in the participants ages between
the two studies. In the mixed intervention of nutrition

and exercise, the exercise groups showed more improve-
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ment compared to the nutrition groups, which revealed the
stronger effect of exercise on frailty when compared to nu-
trition. The intervention period is varied according to the
study objectives, ranging from one day to one year. How-
ever, the justification for the intervention period was not
mentioned in the published articles.

In general, nutrition intervention showed significant effects
on frailty indicators in most of the studies. Nutritional sta-
tus before the intervention had an impact on the results,
with intervention appearing to be effective in older adults
with malnutrition. The comprehensive nutritional status
and the assessments are substantial constituents of any in-
tervention study. Improvement in nutritional status might
possibly have led to improvement in frailty status. Mixed
intervention nutrition and exercise might have been more
effective than nutrition only.

Further research is recommended to include normal weight
older adults with frailty to determine the effect of the in-
tervention of frailty status without affecting malnutrition,
which would confound the research results. Some micronu-
trients deficiency such as vitamin D and B12 were studied
to examine their effect on frailty in cross sectional and lon-
gitudinal studies, although the experimental studies are very
sparse. So, experimental studies with adequate dose and in-
tervention period are needed to determine the effectiveness
of vitamin D on frailty.
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Table 1

NUTRITION AND FRAILTY:A REVIEW OF CLINICAL INTERVENTION STUDIES

Frailty and Nutrition intervention study

Authors

Hutchins et
al (2013)

Kim et al
(2013)

Lammes et al
(2012)

Nykanen et al
(2012)

Rydwik et al
(2010)

Zak et al
(2009)

Olin et al
(2008)

Rydwik et al
(2008)

Smoliner et al
(2008)

Roy & Payette
(2006)

Wouters et al
(a) (2005)

Wouters et al
(b) (2005)

Bonnefoy et
al (2003)

RCT
Blinded
Placebo

RCT

RCT

cT

RCT

RCT
Blinded
Placebo

cT

RCT

CcT

Quasi-
experimental

cT
Placebo

cT
placebo

RCT

Intervention

Omega 3
(2gm of EPA,
DHA)

200 ml -4o00kcal
nutritional
supplement.

Nutritional
advice with or
without exercise

Individual dietary
counseling

Physical

training and
individual dietary
counseling

300 kcal
nutritional
supplement
(NUTRIDRINK) /
exercise

Additional
evening meal
(530kcal)

Physical and
nutritional
intervention
program

Food fortification

Meals on wheels
(MOW) program

250 ml, 300
kcal nutritional
supplement

250 ml,

300 kcal
nutritional
supplement

400 kcal \ day
Protein — energy
supplement with
exercise

Intervention

period

Six months

12 weeks

3 months

1year

3 months
intervention.
9 months
follow up

7 weeks

6 months

6 months

12 weeks

8 weeks

6 months

6 months

9 months

Intervention
arms

Two arms

Two arms

Four arms

Two arms

4 arms

4 arms

2 arms

4 arms

2 arms

2 arms

2 arms

2 arms

4 arms

Subjects
characteristics

126
postmenopausal
women

87 community
dwelling frail
elderly

96 frail elderly
aged 75 and above

159 community
dwelling at risk of
malnutrition 75
years and above
(frail and prefrail)

96 community
dwelling frail
elderly

8o frail elderly
(both community
dwelling and
institutionalized)

49 service flat frail
elderly aged 75
and above

96 frail community
dwelling elderly
aged 75 and above

65 institutionalized
(malnourished or
at risk)

51 frail elderly

33 frail elderly
65 years and
above, BMI<25

67 frail elderly

57 frail elderly,
from retirement
houses

Frailty
assessment
tools

Fried et al
2001 criteria

Their own
definition
Nutrition and
mobility

Fried criteria

Weight loss
and low
physical
activity

5 points
inclusion
criteria

Level of
dependency

Not defined

Not defined

Not defined

Not defined

Main findings

Improvement in
walking speed

Improvement in
gait speed and
time up and go
(TUG)

Increase in RMR in
the exercise group
only

Improvement in
the frailty status

Increase of the
habitual physical
activity level No
significant effects
on ADL

Improvement in
muscle strength
were found in
(EG/ E+NS)

No changes on
body weight, and
cognitive function

No effect by
the Nutrition
intervention

Improvement in
protein intake and
Body composition

Increase in the
dietary intake

Significant
difference in
proliferation,

no significant
difference in 1L2
between groups

Significant
changes in the
serum biomarkers.
Improvement in
some of cognitive
test

Improvement

of the muscle
functional test in
the supplement

group

ALTIVY4 NI NOILN3AY3LNI TVNOILRILNN
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Study Intervention Intervention | Intervention | Subjects Frailty Main findings
design period arms characteristics assessment
tools
Lathametal | RCT Vitamin D / Single 4 arms 243 frail elderly Winograd Exercise
(2003) Multicentral | exercise dose of et al., 1991 group showed
Vitamin D criteria increases risk of
10 weeks musculoskeletal
exercise injury
Payetteetal | RCT 4o0ml, 16 weeks 2 arms 83 frail elderly Not defined Improvement
(2002) 400 kcal at risk for under in total energy
nutritional nutrition intake, weight,
supplement muscle strength,
functional status,
days spent in bed
Paw et al RCT Micronutrient 17 weeks 4 arms 139 frail elderly Not defined None
(2002) supplement /
exercise
Kwok et al RCT Low lactose milk | 7 weeks 2 arms 47 institutionalized | Not defined Improvement in
(2001) powder frail elderly dietary intake only é
Marijke 2001 | RCT Enriched food 17 weeks 4 arms 157 frail elderly Weight loss Significant =_—°|
placebo and exercise Low physical | improvement on )
controlled activity physical function £
and fitness inthe | =
exercise groups, é
Consumption of 2
enriched products | 31
did not affect per- | =
formance, fitness, g
or disability scores |
De jongetal | CT Nutrients dense | 17 weeks 4 arms 159 frail Weight loss None §
(A) (2000) products/ community Low physical =
exercise dwelling elderly activity 3
Dejongetal | RCT Nutrients dense | 17 weeks 4 arms 143 frail elderly Weight loss Increase in the
(B) (2000) products/ Low physical | lean body mass
exercise activity in the exercise
groups
Singh et al RCT Multinutrient 10 weeks 50 frail Not defined Significant
(2000) liquid institutionalized decrease in diet
elderly intake
Gray et al RCT 200 keal 12 weeks 2 arms 5o frail elderly Not defined Significant weight
(1995) nutritional gain
supplement
Fiatrone etal | RCT Nutritional 10 weeks | 4 arms 100 frail Not defined Increase in the
(1994) supplement and institutionalized physical function
exercise elderly in the exercise
groups

This article was published in the Journal of Frailty & Aging - Volume 4, Number 2, 2015

http: / fwww.jfrailtyaging.com/

REFERENCES

1. Crentsil V. Mechanistic contribution of carnitine deficiency to geri- 4.

atric frailty. Ageing Res Rev 2010;9(3):265-8.
2. Bollwein ], Diekmann R, Kaiser M, Bauer M, Uter W, Sieber CC, et
al. Dietary quality is related to frailty in community-dwelling older

adults. ) Gerontol A Biol Sci Med Sci 2013;68(4):483-9. 6.

3. Bowen ME. The Relationship Between Body Weight, Frailty,
and the Disablement Process. | Gerontol B Psych Sci Soc Sci
2012;67(5):618-26.

30

v

Rockwood K, Mitnitski A. How might deficit accumulation give rise
to frailty. | Frailty Aging 2012;1:8-12.

Guyonnet S SM, Ghisolfi A, Ritz P, Vellas B. Nutrition frailty and
prevention of disabilities with aging. | Frailty Aging 2014 in press.
Garcia-Garcia FJ, Avila GG, Alfaro-Acha A, Andres MA, Aparicio
ME, Aparicio SH, et al. The prevalence of frailty syndrome in an
older population from Spain. The Toledo study for healthy aging.
Nutr Health Aging 2011;15(10):852-6.




10.

20.

21.

22.

NUTRITION AND FRAILTY:A REVIEW OF CLINICAL INTERVENTION STUDIES

Chen C-Y, Wu S-C, Chen L-J, Lue B-H. The prevalence of subjective
frailty and factors associated with frailty in Taiwan. Arch Gerontol
Geriatr 2010;50:543.

Bischoff HA, Staehelin HB, Willett WC. The effect of undernutri-
tion in the development of frailty in older persons. | Gerontol A
Biol Sci Med Sci 2006;61(6):585-9.

Olin AQ, Koochek A, Cederholm T, Ljungquist O. Minimal effect
on energy intake by additional evening meal for frail elderly service
flat residents—a pilot study. ] Nutr Health Aging 2008;12(5):295-
301.

Bartali B, Frongillo EA, Bandinelli S, Lauretani F, Semba RD, Fried
LP, et al. Low nutrient intake is an essential component of frailty
in older persons. | Gerontol A Biol Sci Med Sci 2006;61(6):589-93.

. Blaum CS, Xue QL, Michelon E, Semba RD, Fried LP. The asso-

ciation between obesity and the frailty syndrome in older wom-
en: the Women’s Health and Aging Studies. | Am Geriatr Soc

2005;53(6):927-34.

. Hubbard RE, Lang IA, Llewellyn DJ, Rockwood K. Frailty, body

mass index, and abdominal obesity in older people. | Gerontol A
Biol Sci Med Sci 2010;65(4):377-81.

. Frisoli Jr A, Chaves PH, Ingham SJM, Fried LP. Severe osteope-

nia and osteoporosis, sarcopenia, and frailty status in communi-
ty-dwelling older women: results from the Women’s Health and
Aging Study (WHAS) Il. Bone 2011;48(4):952-7.

. Bernstein MA, Tucker KL, Ryan ND, O’Neill EF, Clements KM,

Nelson ME, et al. Higher dietary variety is associated with bet-
ter nutritional status in frail elderly people. ] Am Diet Assoc
2002;102(8):1096-104.

. Tieland M, Borgonjen-Van den Berg K], van Loon LJ, de Groot

LC. Dietary protein intake in community-dwelling, frail, and in-
stitutionalized elderly people: scope for improvement. Eur | Nutr
2012;51(2):173-9.

. Beasley JM, LaCroix AZ, Neuhouser ML, Huang Y, Tinker L, Woods

N, et al. Protein intake and incident frailty in the Women’s Health
Initiative observational study. J] Am Geriatr Soc 2010;58(6):1063-
7.

. De Vries N, Staal J, Van Ravensberg C, Hobbelen |, Olde Rikkert

M, Nijhuis-Van der Sanden M. Outcome instruments to measure
frailty: a systematic review. Ageing Res Rev 2011;10(1):104-14.

. Hutchins-Wiese H, Kleppinger A, Annis K, Liva E, Lammi-Keefe

C, Durham H, et al. The impact of supplemental n-3 long chain
polyunsaturated fatty acids and dietary antioxidants on physical
performance in postmenopausal women. | Nutr Health Aging
2013;17(1):76-80.

. Nykénen I, Rissanen TH, Sulkava R, Hartikainen S. Effects of indi-

vidual dietary counseling as part of a comprehensive geriatric as-
sessment (CGA) on frailty status: A population-based intervention
study. ] Clin Gerontol Geriatr 2012;3(3):89-93.

Rydwik E, Frandin K, Akner G. Effects of a physical training and
nutritional intervention program in frail elderly people regard-
ing habitual physical activity level and activities of daily liv-
ing—A randomized controlled pilot study. Arch Gerontol Geriatr
2010;51(3):283-9.

Zak M, Swine C, Grodzicki T. Combined effects of functionally- ori-
ented exercise regimens and nutritional supplementation on both
the institutionalised and free-living frail elderly (double-blind, ran-
domised clinical trial). BMC Public Health 2009;9(1):39.

Olin AO, Koochek A, Ljungqvist O, Cederholm T. Nutritional sta-
tus, well-being and functional ability in frail elderly service flat res-
idents. Eur | Clin Nutr 2005;59(2):263-70.

31

23.

Kim C-O, Lee K-R. Preventive effect of protein-energy supplemen-
tation on the functional decline of frail older adults with low so-
cioeconomic status: a community-based randomized controlled
study. ] Gerontol A Biol Sci Med Sci 2013;68(3):309-16.

24.Smoliner C, Norman K, Scheufele R, Hartig W, Pirlich M, Lochs H.

2

v

[e))

2

27.

28.

29.

30.

31.

33.

34.

35.

36.

Effects of food fortification on nutritional and functional status in
frail elderly nursing home residents at risk of malnutrition. Nutri-
tion 2008;24(11):1139-44.

. Bonnefoy M, Cornu C, Normand S, Boutitie F, Bugnard F, Rahm-

ani A, et al. The effects of exercise and protein—energy supple-
ments on body composition and muscle function in frail elderly
individuals: a long-term controlled randomised study. Br | Nutr
2003;89(05):731-8.

.Bonnefoy M, Cornu C, Normand S, Boutitie F, Bugnard F, Rahm-

ani A, et al. The effects of exercise and protein-energy supple-
ments on body composition and muscle function in frail elderly
individuals: a long-term controlled randomised study. BBr | Nutr
2003;89(5):731-8.

Payette H, Boutier V, Coulombe C, Gray-Donald K. Benefits of
nutritional supplementation in free-living, frail, undernourished
elderly people: a prospective randomized community trial. ] Am
Diet Assoc 2002;102(8):1088-95.

Kwok T, Woo ], Kwan M. Does low lactose milk powder improve
the nutritional intake and nutritional status of frail older Chinese
people living in nursing homes? | Nutr Health Aging 2000;5(1):17-
21.

Gray-Donald K, Payette H, Boutier V. Randomized clinical trial of
nutritional supplementation shows little effect on functional sta-
tus among free-living frail elderly. ] Nutr 1995;125(12):2965-71.
Fiatarone MA, O'Neill EF, Ryan ND, Clements KM, Solares GR,
Nelson ME, et al. Exercise training and nutritional supplemen-
tation for physical frailty in very elderly people. N Engl | Med
1994;330(25):1769-75.

Paw MCA, De Jong N, Schouten E, Van Staveren W, Kok F. Phys-
ical exercise or micronutrient supplementation for the wellbeing
of the frail elderly? A randomised controlled trial. Br ] Sports Med
2002;36(2):126- 31.

. De Jong N, Paw MCA, De Groot LC, Hiddink GJ, Van Staveren

WA. Dietary supplements and physical exercise affecting bone
and body composition in frail elderly persons. Am | Public Health
2000;90(6):947.

Lammes E, Rydwik E, Akner G. Effects of nutritional intervention
and physical training on energy intake, resting metabolic rate and
body composition in frail elderly. A randomised, controlled pilot
study. | Nutr Health Aging 2012;16(2):162-7.

Roy M, Payette H. Meals-on-wheels improves energy and nutrient
intake in a frail free-living elderly population. | Nutr Health Aging
2005;10(6):554-60.

Latham NK, Anderson CS, Lee A, Bennett DA, Moseley A, Cam-
eron ID, et al. A randomized, controlled trial of quadriceps re-
sistance exercise and vitamin D in frail older people: the Frailty
Interventions Trial in Elderly Subjects (FITNESS). ] Am Geriatr Soc
2003;51(3):291-9.

Rao M. Nitric oxide scavenging by curcuminoids. | Pharmacy
Pharmacol 1997;49(1):105-7.



WHITE BOOK

REASONING ABOUT FRAILTY IN NEUROLOGY:
NEUROBIOLOGICAL CORRELATES
AND CLINICAL PERSPECTIVES

M. CANEVELLI, F. TROILI, G. BRUNO

Memory Clinic, Department of Neurology and Psychiatry, University “Sapienza”, Rome

Correspondence: Marco Canevelli, Memory Clinic, Department of Neurology and Psychiatry, University “Sapienza”, Viale
dell’Universita 30, 00185 Rome, Italy, Tel/fax +39 06 49914604, Email: marco.canevelli@gmail.com

Abstract: To date, the frailty syndrome has surprisingly
attracted limited attention in the field of neurology and
neuroscience. Nevertheless, several concepts closely relat-
ed to frailty, such as vulnerability, susceptibility, and home-
ostatic reserves, have been increasingly investigated and
documented at level of neuronal cells, brain networks, and
functions. Similarly, several aspects commonly assessed in
the neurological practice, including cognitive functioning
and emotional/affective status, cleatly appeat to be major
determinants of the individual’s vulnerability and resiliency
to stressors. Therefore, they should be carefully considered

railty is defined as a multidimensional condition

of increased vulnerability to stressors, posing

the subject at risk of negative health-related out-
comes, including falls, hospitalization, institutionalization,
and disability (1). This concept is triggering a growing sci-
entific and clinical interest as it may allow the identifica-
tion of a pre-disability state still amenable to interventions
and, thus, potentially reversible. To date, surprisingly, such
entity attracted limited attention in the field of neurology
and neurosciences. The word “frailty” has appeared on
neurological and neuropsychiatric journals in only 17 out
of nearly 450 articles (3.8%) published in 2013 (research
updated to August 15th, 2013). Nevertheless, several con-
cepts closely related to frailty are extensively investigated in
neurosciences.
First, as stated above, frailty may be intended as a state of
increased vulnerability/susceptibility. Such condition has
been increasingly documented at level of neurons, brain

networks, and functions. Despite sharing several pathophys-
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in the clinical approach to frail subjects. Moreover, dysfunc-
tions of these domains, if timely detected, may be suitable
to be targeted by interventions providing beneficial effects
to the overall health status of the individual. In the present
article, we discuss the neurobiological processes potentially
contributing to frailty. Moreover, we reason about the clin-
ical manifestations allowing the prompt and easy recogni-
tion of frail persons in the neurological practice.

Key words: Frailty, cognitive impairment, dementia, brain

aging, emotional status.

iological pathways at different biological levels (i.e. synaptic,
glial, mitochondrial, inflammation, and protein misfolding),
each neurodegenerative disease (e.g. Alzheimer’s disease,
Parkinson’s disease, amyotrophic lateral sclerosis) seems to
primatily affect defined neuronal subsets and populations,
suggesting underlying specific cellular vulnerabilities (2).
Based on these observations, it can be hypothesized that
these diseases may result from specific combinations of ge-
netic predispositions and environmental stressors causing
dysfunctions in susceptible neurons. Similarly, brain aging is
considerably heterogeneous being charactetized by vatious
degrees of involvement of specific brain systems (notably a
medial temporallobe system and a fronto-striatal system) (3).
Accordingly, some brain functions (e.g. semantic memory)
are relatively preserved with age, while other abilities (e.g:
processing speed, working memory, and episodic memo-
ry) more consistently decline (4). The routine neurological
practice offers numerous clinical examples of such brain

vulnerability. Vascular lesions, though small and limited, can
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cause overt dementia syndromes when involving strategic
cerebral structures. Furthermore, individuals with impaired
cognitive performance may experience the occurrence of
psychotic disturbances and/or an abrupt worsening of cog-
nitive abilities when subjected to general anesthesia. Taken
together, this evidence indicates that several brain compo-
nents, networks, and functions atre intrinsically vulnerable,
potentially contributing to individual vulnerability to stress-
ors (e.g stressful events, neuropathological changes).

On the other hand, frailty may also be interpreted as a
condition of treduced resilience/resetve. The concept of
reserve has been introduced for explaining differences
across individuals when facing similar age-related brain
modifications and pathologies. It combines both structural
(e.g. number of neurons and synapses) and functional (e.g.
use of pre-existing or compensatory mechanisms) aspects
that may increase tolerance to pathology. Epidemiological
studies suggest that lifelong experiences and leisure activi-
ties in later life may increase such reserves. This has been
mainly documented in the field of cognition (i.e. “cogni-
tive reserve”) (5). For example, individuals with higher ed-
ucational and occupational attainment have been found to
have a reduced risk of developing Alzheimer’s disease (6-7).
Subjects with higher reserve may maintain adequate func-
tioning of strategic networks in critical situations (i.e. neu-
ronal knock-out related to head trauma, anesthesia, dehy-
dration, electrolyte dysfunction, and metabolic syndromes)
and tolerate a greater amount of structural and functional
disease-specific pathology (e.g. Alzheimer’s disease). There-
fore, changes in lifestyle and interventions may be useful to
delay age-related cognitive decline or dementia.

In recent years, several proxies of cognitive reserve have
been proposed including educational level, work complex-
ity, social networks as well as engagement in cognitively-
stimulating activities, leisure time activities, and physical
exercise. In parallel, the neural mechanisms potentially un-
detlying such reserve have been increasingly investigated
and elucidated.

Beside of defining the biological basis of frailty, a great ef-
fort is also devoted to the identification of clinical parame-
ters allowing the easy identification of the frail person. This
may consent to promptly implement preventive interven-
tions against disability and other negative outcomes. Sev-
eral operational definitions have been developed in order
to translate into practice the theoretical concept of frailty.
So, how can we detect frailty in the neurological practice?
What clinical symptom/sign can help us identifying frail
subjects at risk of negative events that may still benefici-
ate from appropriate interventions? In our opinion, two
domains should be carefully considered, namely cognitive
abilities and affective/emotional status. These factors great-
ly influence the individual’s vulnerability and resiliency to
stressors. They have been consistently found to significant-
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ly influence the risk towards relevant adverse outcomes.
Moreover, if promptly detected, the impairment of these
domains may be still manageable and suitable to be targeted
by preventive interventions providing beneficial effects to
the overall health status of the individual.

Cognitive impairment, independently from specific clin-
ical diagnosis (i.e. dementia, mild cognitive impairment),
is increasingly recognized as a potential contributor to the
clinical vulnerability of older persons, resulting as a strong
predictor of several adverse health-related outcomes (8).
In particular, a decline of cognitive performance has been
found to increase the risk of mortality, disability, and in-
stitutionalization, independently of potential confounders
(e.g. socio-demographic characteristics, incident dementia,
depression, and comorbidities). Several hypotheses may
explain the association between cognitive impairment and
frailty. Impaired cognitive functioning may interfere in rec-
ognizing symptoms of diseases, affect adherence to thera-
peutic interventions, and influence the adoption of healthy
lifestyle behaviors. Similarly, cognitive deficits may limit
vocational achievements resulting in socioeconomic disad-
vantage and, consequently, in reduced access to health care.
Finally, the decline of each cognitive domain may result in
a relevant limitation in planning and implementing adap-
tive behaviors and strategies in response to stressful events.
According to these considerations, there is a growing con-
sensus proposing to include cognitive impairment as a
component of the operational definitions of frailty (9-10).
A factor potentially limiting its adoption in the clinical
translation of the frailty syndrome is represented by the
timeliness of its detection. In fact, if cognitive decline is
recognized too late (when an extensive neurodegeneration
has already occurred), it may be not substantially modifiable
by preventive actions and may potentially evolve toward a
condition of overt dementia. To date, we still need accurate
clinical tools allowing the prompt identification of at-risk
subjects. Moteovet, the limited/controversial validity of the
proposed pre-dementia phases (e.g. mild cognitive impair-
ment, subjective cognitive decline) still limits their imple-
mentation in the routine clinical practice (11).

Consistently, emotional and affective dimensions strong-
ly influence the individual’s vulnerability and should then
necessarily be taken into account when addressing the mul-
tidimensional syndrome of frailty. Pathological emotional
responses (e.g. anxiety and depression) have been found to
considerably affect the onset, course over time, and sever-
ity of several medical conditions (e.g ischemic heart dis-
ease, essential hypertension, tumors, and infectious diseas-
es) as result of well-established interactions with netvous,
endocrine, and immune systems. Subjects with affective
disorders may more likely adopt unhealthy behavioral con-
ducts resulting in increased risk of diseases and reduced

compliance to proposed interventions. Moreover, chronic
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mood disorders are frequently associated with a subsequent
impairment of specific cognitive abilities (e.g. executive
functions), leading to further reduction of individual resil-
iency. Differently from cognitive disorders, emotional and
affective disturbances may be more responsive to diverse
non-pharmacological (e.g. psychotherapy) and pharmaco-
logical interventions. These strategies may positively influ-
ence the overall health status by improving the capacity to
cope with stressors and dysfunctions.

In conclusion, we believe that “frailty” should represent a
source of inspiration in the field of neurology. This concept
stresses the multidimensionality of aging and age-related
medical conditions, the urgent necessity to identify at-risk

subjects potentially benefiting from preventive actions, and
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Abstract: An epidemiological transition is occurring re-
garding Human Immunodeficiency Virus (HIV) infection.
This phenomenon, explained by several mechanisms (e.g:
physiologic changes, pharmacologic advances, sexual be-
haviors), is demonstrated by a significant increase in the
number of patients aged 50 years and older diagnosed
with this infection. The immunological changes observed
in HIV-infected patients may prompt the appearance of
an accelerated aging process as well as that of comorbid-

ities and other pathological entities commonly diagnosed

INTRODUCTION

Nowadays, a significant epidemiological transition is occut-
ring regarding Human Immunodeficiency Virus-infected
patients around the world. This change is characterized by
an increased prevalence of HIV-1 infection among patients
aged 50 and older (1). A variety of factors have influenced
this change, including the access to highly active antiretro-
viral therapy (HAART) and the increase in the number of
newly- diagnosed cases in this group of age. For example,
in the United States, the Centers for Disease Control (CDC)
estimates that approximately 30% of people currently liv-
ing with HIV/AIDS ate 50 yeats and older. In 2010, 15-
25% of new diagnoses of HIV/AIDS occurred in indi-
viduals older than 50 years, while in the year 2000 they only
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in older adults. Frailty is a biologic syndrome characterized
by a multi-systemic decrease of the individual’s physiologic
and homeostatic reserves, leading to diminished resistance
against stressors and increased vulnerability. The purpose
of this review is to describe the common molecular chang-
es seen in both frailty and HIV-1 infection, offering an
in-depth analysis of their pathophysiology and specifying

common processes whete their pathways meet.

Key words: Frailty, elderly, HIV, AIDS.

represented 10%. (2). In Mexico, according to the National
Center for Prevention and HIV/AIDS Control (CEN-
SIDA), 19,877 cases of HIV-1 infection were reported be-
tween 1983 and 2012 in patients 50 years of age and older,
representing 12.6% of the entire affected population (3).
Consequently, it is projected that from 2015 to 2020, pa-
tients belonging to this group of age will represent more
than 50% of the infected population worldwide. One as-
pect that has gained importance over the last few years is
the presence of frailty.

“Frailty” has emerged as a condition associated with an in-
creased risk of functional decline among the older persons.
Frailty can be differentiated from aging, disability, and co-
morbidity. It is a biologic condition in which the individu-

al’s physiologic and homeostatic reserves are decreased and
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its resilience diminished, resulting in a state of increased
vulnerability to the adverse effects of a variety of environ-
mental factors, expressed as an increased risk for hospitali-
zation, institutionalization, and mortality (6). In the absence
of biological markers, various operational definitions aimed
at identifying elderly persons vulnerable to adverse health
related outcomes have been proposed. Fried et al. proposed
a definition that conceptualizes frailty as a clinical syndrome
integrated by the combination of the following five com-
ponents: weight loss, exhaustion, low physical activity, slow
gait speed, and low grip strength (6). Subjects meeting three
or more of these criteria were considered to be “frail”’; those
meeting one or two criteria were considered “pre-frail” or
“intermediate” while those meeting none were “non-frail”.
However, the best way to identify frailty remains contro-
versial. Although the Fried et al’s definition is widely used,
inclusion of other common age-related conditions into the
previously described phenotype has been a topic of con-
siderable debate. For example, Rockwood et al. understand
frailty in the context of the accumulation of deficits, where
the individual’s frailty index score reflects the proportion
of potential deficits present at a given time translating the
likelihood of the patient being frail (7). However that may
be, the conceptual frame of frailty implies a connection be-
tween all its components and supports the perception of
frailty as a multifactorial entity.

On the other hand, unlike the typical definition of the term
‘syndrome’ used in medical literature, the term ‘geriatric
syndrome’ has a different meaning (8). A geriatric syndrome
is defined as the “accumulated effect of impairments in
multiple domains” that could lead to a variety of adverse
health-related outcomes including falls, incontinence or de-
lirium (6, 8). It is precisely this accumulation of deficits and
their physiologic correlations that represent frailty.

As the ever-increasing cohort of HIV-1 positive patients
aged 50 and older continues to grow, researchers around
the world have formulated interrogations and hypothe-
ses regarding interconnections between frailty and HIV-1
infection in elderly patients. Several associations between
these two entities have been suggested in previous research
(9, 10). From a molecular perspective, both may share sim-
ilar changes that could lead to a series of inter-related mul-
ti-systemic implications. Indeed, HIV infection has been
proposed as a “premature aging model” (11), where a va-
riety of biological systems are compromised, including the
musculoskeletal, cardiovascular, neurologic, hematologic,
endocrine, and immune systems (12). Furthermore, the ag-
ing process coupled with HIV infection situates these pa-
tients at a high-risk for adverse health-related outcomes and
increased morbimortality (13). In this review, we explore
the molecular mechanisms and changes observed in both
HIV-1 infection and frailty following a system-based analy-

sis in order to describe how each change contributes to the
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clinical manifestations that place these patients’ health and
outcomes at stake.

CHANGES IN THE IMMUNE SYSTEM AND
INFLAMMATION

The innate immune system, considered the organism’s first
line of defense, confers an immediate-yet-unspecific re-
sponse against stressors such as infectious processes and
physical injuries. On the other hand, the adaptive immune
system offers a more specialized defense mechanism due
to its ability to mount pathogen-specific responses and de-
velop immunological memory in case of subsequent infec-
tions (14). In order to serve their purpose, both immune
systems have under their command a variety of cellular
components implicated in mounting an effective response.
If a disturbance to the immune system occurs, its protective
response suffers alterations as well (15).

HIV infection is characterized by a progressive failure of
the immune system, which shares some of the characteris-
tics seen in the immune system of elderly subjects. As the
individual ages, his ability to generate a robust and accurate
immune response deteriorates over time. The term “immu-
nosenescence” refers to this deterioration of the immune
system also present in frailty, mimicking a state of immu-
nosuppression that has a negative impact on the patient’s
morbimortality (15). Both HIV-1 infected patients and frail
persons share common immune cellular changes (Table 1).
Even though several immune alterations are present in
frailty and HIV-1 infection, changes in lymphocyte count
and function are the most prominent ones (16). Both con-
ditions are accompanied by thymic involution, leading to
a decreased production of T-cells (17). This anatomical
alteration of the thymus is compensated by an increased
proliferation of memory T-cells at the expense of naive
lymphocytes, which in the long run is associated with re-
duced T-cell function (18). Both frail and HIV-1 positive
patients show a marked increase in the production of
CD28, CD57* memory CD8* T-cells with reduced abil-
ity to produce interleukin 2 (IL-2) (19). In addition to a
compromised production of T-cells, the telomeric short-
ening evidenced in CD4" T-lymphocytes causes premature
apoptosis that further contributes to immunosuppression.
CD4" T-cell dysregulation has also been associated with
an increased risk of developing a frailty-related phenotype
(FRP) among HIV-1 infected patients who were not already
frail at diagnosis (20).
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Table 1

Common immune cellular changes between frailty and HIV

Thymic involution

¥ CD4" T-cell and its repertoire

V¥ Naive CD4* T-cell

CD4" T-cell telomeric shortening

CD4* T-cell premature apoptosis

A Expression of CCR-5

A CD28, CD57" memory CD8" T-cells
A Inflammatory cytokines (IL-6, TNF-or)
W Secretion of TL-2

HIV: Human Immunodeficiency Virus; CCR-5: CC
chemokine receptor 5; IL: Intetleukin; TNF: Tumor Ne-
crosis Factor

Inflammatory changes have been widely documented in
both frailty and HIV infection, and there is strong evidence
that they play a central role in the pathogenesis of both
conditions (16). The accumulation and deposit of senes-
cent cells in various tissues have been proposed to be strong
contributors of long- lasting secretion of proinflammatory
cytokines during the aging process (21). This chronic state
of low-grade systemic inflammation seen in the elderly is
called “inflammaging”, and it is characterized by an elevated
amount of circulating inflammatory cytokines, particularly
interleukin 6 (IL-6). This inflammation-related aging pro-

Figure1

Common molecular changes among frailty and HIV-1 infection
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ciated with increased all-cause mortality (16, 19).
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The human skeletal system is responsible for major func-
tions related to support, protection and movement, as well
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As the individual ages, such balance suffers alterations that
lead to less bone formation and greater bone resorption.
A variety of studies have described a considerably higher
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patients (27).
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The increased production of inflammatory cytokines, par-
ticularly TNF-o., plays a key role in the development of
bone homeostasis changes, especially in osteoclast activ-
ity (28-30). Both, patients with HIV-1 infection and frail
patients show an increased expression of TNF-ol, which
in turn promotes bone resorption within bone metabolic
units. Due to this elevated production of proinflammatory
cytokines, the balance between bone formation and resorp-
tion is largely disrupted (31).

Another of the best-studied mechanisms related to TNF-ot
and osteoclast activation is the expression of Receptor Ac-
tivator of NFKB Ligand (RANK-L). In basal conditions,
a member of the TNF superfamily called osteoprotegerin
(OPG) binds to RANK-L inhibiting its transcription pro-
cess and thus reducing the production of osteoclasts (27).
In HIV-1 infection, OPG production by lymphocytes is di-
minished while RANK-L remains present in a considerable
amount. This leads to an elevated RANK-L/OPG ratio,
promoting osteoclasts formation and ultimately contribut-
ing to osteoporosis. The increase in TNF-t expression also
causes a downregulation of IFN-y expression, which has
the capacity to inhibit RANK-L. The attenuation of this in-
hibitory mechanism delivers the ideal scenario for RANK-L
to perpetuate the progression of osteoporosis. The very
same mechanism of bone turnover can be evidenced in the
aging individual, being one of the most important physio-
pathologic factors in postmenopausal osteoporosis (32, 33).
On the other hand, specific components of antiretrovi-
ral therapy have also been implicated in the pathogenesis
of reduced bone mineral density (BMD) in HIV-infected
persons. Randomized controlled trials comparing BMD in
protease inhibitor (PI) versus non-PI treatment regimens
have shown mixed results. Several studies have revealed that
PI-containing regimens led to decreased spine BMD while
others showed no difference in total body or hip BMD
between treatment groups. Despite the mixed effects on
BMD, cumulative exposure to boosted PI was found to be
associated with increased risk of fracture (HR 1.11; 95%
confidence intervals 1.05-1.18; p<0.001) (34). In particular,
treatment with lopinavir/titonavir led to a 17% increase in
the risk of incident hip, vertebral, or wrist fracture (34).
Multiple studies have assessed the impact of ART initiation
on BMD and have generally shown a 2-6% loss after 48-96
weeks of therapy, regardless of the type of ART initiated.
This degree of bone loss is larger than what would be ex-
pected by aging alone and is comparable to the bone loss
seen in women aged 50-59 over 2 years (35, 30).

CHANGES IN MUSCLE

Consequences of aging in the muscular system have been
extensively described in the literature. The decline in skele-

tal muscle mass is commonly observed in the elderly. This
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qualitative and quantitative progressive loss of muscle mass
is called “sarcopenia”, which in turn has a significant im-
pact on the individuals’ mobility and strength which trans-
lates into an increased risk of adverse health-related out-
comes (37). The model of frailty described by Fried et al. is
strongly influenced by the musculoskeletal system function,
whose impairment results in a decreased resting metabol-
ic rate, decreased strength and power, and decreased VO2
max (37). Even with the use of HAART, HIV-1 infected in-
dividuals are at increased risk of wasting and sarcopenia (6).
In fact, data suggest that changes in muscle mass occur at a
similar rate over 5 years in HIV- infected adults and non-in-
fected elderly (38). Several factors have been implicated in
muscle damage, including inflammation and mitochondrial
dysfunction.

The state of chronic inflammation observed in both frail
patients and untreated HIV-1 infected patients has signifi-
cant repercussions in the muscle system since myocytes are
highly responsive to cytokines (39). Furthermore, muscle
homeostasis appears to be dependent on a balanced expres-
sion of cytokines such as IL-6 and TNF-ot (40). This essen-
tial balance is disrupted by catabolic stimuli, which include
low-grade chronic inflammation. Such disruption will even-
tually lead to sarcopenia in both frail and HIV-1 infected
individuals, causing serious implications on their prognosis
as stated in data from the Framingham Heart Study, which
reported that IL-6 production was a significant predictor of
mortality over a 6- year period (41).

Mitochondrial dysfunction is also a part of the multifac-
torial etiology of sarcopenia. Mitochondria are the cellular
organelles responsible for adenosine triphosphate (ATP)
production, and as such, are considered the main soutrce
of energy at a cellular level. Many reactions and processes
in the organism are dependent of ATP, and muscle con-
traction is not an exception. The pathways by which mito-
chondrial dysfunction is related to sarcopenia in frail and
HIV-1 infected patients will be described below. As it was
previously mentioned, sarcopenia is a highly prevalent phe-
nomenon in older adults as well as in frail individuals. Mus-
cle is not only responsible for movement and strength but
also works as the body’s main reservoir of protein and as an
essential site of glucose disposal (42). The process of aging
causes a reduction in mitochondrial size and DNA content,
as well as a decrease in mitochondrial protein synthesis (39).
This flawed functioning could be associated with oxidative
damage caused by the excess of free radical production (39).
Over time, the accumulation of oxidative damage reduces
ATP production in muscle, causing impaired muscle con-
traction and affecting the individual’s capacity for move-
ment and strength. HAART has also been implicated in
premature and accelerated aging via direct effects on mito-
chondria. Antiretroviral drugs cause accumulation of dam-
aged mitochondrial DNA, induce morphologic changes
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and increase oxidative stress (10). This mechanism of mi-
tochondrial damage is common for both frailty and HIV-1
infection.

Growth hormone also plays a major role in the develop-
ment of sarcopenia in frail older adults and HIV infected
patients. Due to its predominant endocrine nature, it will
be discussed in the section dedicated to endocrine changes.
Another factor of great importance in the pathophysiolo-
gy of sarcopenia is the decline of O-motor neuron input.
Nevertheless, there are very few reports of HIV-1 positive
patients with a documented motor neuron disorder (43).
This lack of evidence makes it difficult to associate motor
neuron disease with sarcopenia in HIV-1 infected individ-
uals. However, neuromuscular impairment is considered a
cornerstone in the development of sarcopenia in the con-
text of frailty, which is the reason why it should not be
overlooked while reviewing the different mechanisms of
muscle damage. All these inter-related mechanisms high-
light the importance of sarcopenia as a critical factor in the
development of the impairment of strength, mobility, bal-

ance, and gait.

CHANGES IN THE HEMATOLOGIC SYSTEM

Anemia is the most frequently diagnosed hematologic dis-
order. This disorder can be found in both frail and HIV-1
infected patients and is associated with higher mortality and
diminished health-related quality of life (44-46). Anemia is
a manifestation of several phenomena including hemor-
rhage, diminished erythropoiesis, hemolysis, and nutritional
deficiencies (i.e. iron, folic acid, vitamin B12), among oth-
ers. However, in order to discuss anemia in HIV and frailty
we need to retake inflammation as the core causative mech-
anism. There is convincing evidence that supports a strong
link between IL.-6 and anemia (47). The chronic low-grade
pro-inflammatory state characterized by increased levels of
IL-6 observed in HIV infection and frailty modifies iron
metabolism, which is essential for the homeostatic regula-
tion of the hematologic system (48). Because of the de-
regulation of pro-inflammatory cytokines, iron is diverted
from the blood flow into the reticuloendothelial system
where it is no longer available for the erythrocyte (49, 50).
Iron maldistribution is the consequence of an I11.-6-induced
type 1I acute phase response that results in the expression
of Hepcidin (Hepc) and Ceruloplasmin (Cp), contributing
to a restriction in iron availability and affecting hemoglobin
production (51).

Proinflammatory cytokines also have an inhibitory effect on
erythropoietin (EPO), the glycoprotein hormone responsi-
ble for erythropoiesis (52). HIV-1 infected patients express
a myriad of circulating antibodies, including autoantibod-
ies to endogenous erythropoietin (anti-EPO). Diminished
erythropoiesis due to either inhibition or destruction of
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EPO is a known mechanism of anemia in frailty and HIV,
respectively (53).

CARDIOVASCULAR CHANGES

Several changes in the cardiovascular system have been de-
scribed in the aging individual as well as in HIV infected pa-
tients. Previous work has shown these changes to be associ-
ated with an increased risk of cardiovascular disease, posing
a threat to health related quality of life of both groups of
patients. More than two decades ago, Joshi et al. and Pa-
ton et al. described atherosclerotic changes in post-mor-
tem analyses of young HIV-infected patients, setting the
initial evidence of vascular dysfunction in HIV infection
(54, 55). Recent studies have also suggested a link between
HAART and acute myocardial infarction (AMI) risk among
HIV-positive patients; however, the mechanisms are not en-
tirely known yet. History of cardiovascular disease, such as
AMI, angina, and congestive heart failure is more prevalent
among frail elderly patients, being congestive heart failure
the most strongly associated with frailty (56). Possible fac-
tors by which HIV infection contributes to these changes
have been recently postulated and include inflammation,
CD4" T-cell depletion, altered coagulation, dyslipidemia,
impaired arterial elasticity, and endothelial dysfunction (57).
Some of these structural and functional cardiovascular
changes can also be seen in the aging individual, includ-
ing increased vascular stiffness and endothelial dysfunction
(58). Vascular stiffness results from calcification of the tu-
nica media, thickening of the intima, and an increase in col-
lagen content, which intertwines and forms a rigid matrix
that results in atherosclerotic disease (59).

Endothelial dysfunction, another core cardiovascular al-
teration, is present in HIV-positive patients as well as in
frail elderly patients (60, 61). Individuals with both of these
conditions develop dysregulations of nitric oxide synthesis
(NO). However, even though both HIV and frailty present
this endothelial change, NO synthesis behaves differently in
each condition. In the setting of HIV infection, production
of NO increases and is further enhanced by TNF-ot mono-
cyte activation (62).

The coagulation system is involved in frailty and HIV in-
fection, and its alterations may be causative agents of
cardiovascular sequelae. It has been recognized that both
conditions feature a procoagulant state with an increase of
several biomarkers, particularly D-dimer (63, 64). Evidence
obtained from previous research demonstrates that the in-
crease in D-dimer observed in both HIV-1 infection and
frailty correlates with adverse health-related outcomes, in-
creasing both morbidity and mortality (65, 66). Moreover,
the increase of these coagulation/fibrinolysis biomarkers
was associated with physical performance decline, specifi-
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cally that of lower extremities, disability for activities of the
daily living and poorer cognitive performance (67).

Due to the influence of these changes, the cardiovascular
system is significantly compromised in both groups of pa-
tients, increasing the risk of complications such as AMI.
Further evidence is needed to describe the exact molecular
changes of the cardiovascular system in the frail individual;
however, physiological changes observed with aging may
represent strong indicators of what is observed in frailty.

CENTRAL NERVOUS SYSTEM CHANGES

Atherosclerosis, a key factor for the development of cardi-
ovascular disease, also plays a major role in central nervous
system (CNS) alterations observed in frailty. The brain is
one of many end organs affected by atherosclerosis and
stiffening of large and small vessels (68). The interaction
between vessel pathology and other factors associated with
neurodegenerative changes may result in cognitive decline
and dementia in the aging individual. Current neurogeriatric
views consider Alzheimer’s disease (AD), small and large
vessel disease, and Lewy-body disease as the three main
conditions related to dementia and cognitive decline. Even
though they are considered to be different pathological en-
tities, these three conditions may coexist; an example of this
interaction is the evidence that large-vessel atherosclerosis
may contribute to AD (69, 70). Frailty is associated with
low cognitive performance and has been proposed as a risk
factor for mild cognitive impairment and AD (71, 72). Only
recently has it been proposed that frailty is an independent
risk factor for incident vascular dementia (73). These find-
ings support the importance of cerebral blood supply and
highlight the role of vascular factors in the pathogenesis of
dementia.

Central nervous system involvement in HIV infected pa-
tients comprises a wide range of neurocognitive disorders,
which are collectively known as HIV-associated neurocog-
nitive disorders (HAND), being the HIV-associated demen-
tia (HAD) its most severe manifestation. Vascular dysfunc-
tion may contribute to a lesser extent to the pathogenesis
of HAND; however, the main recognized developmental
mechanism of HAD/HAND is neuronal cell damage
by infected monocytes that cross the blood-brain barrier
to further differentiate into macrophages responsible for
the neuronal insult (74). Even though the mechanisms by
which neurocognitive impairment presents and develops in
HIV-1 infection and frailty may not be exactly the same,
recognizing both entities as possible sources of CNS dam-

age in the setting of these conditions is imperative.
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CHANGES IN THE ENDOCRINE SYSTEM

The endocrine system contributes to homeostasis by secret-
ing hormones into the blood stream. Its functions depend
on connections -or axes- between several organs and glands.
The pathophysiologic processes of the two conditions dis-
cussed in this review are strongly linked with endocrine sys-
tem dysfunction. As the individual ages, the somatotroph
axis is one of the hormonal pathways that demonstrates
a significant decay and thus has been implicated in several
catabolic phenomena present in older adults. The term “so-
matopause” was coined in order to describe the decline in
the activity of the GH-IGF-1 axis as well as its metabolic
consequences. Frailty is directly related to somatopause as
both conditions share common alterations and sequelae (75).
The decrease in GH and IGF-1, along with the abnormally
high levels of inflammatory mediators, contribute to the
development of frailty (76). IGF-1, whose synthesis by the
liver is GH-dependent, has been proposed as the most im-
portant mediator of muscle and bone growth (77). Several
studies suggest that low circulating levels of IGF-1, as well
as reduced responsiveness to its action by musculoskeletal
tissues, play an essential role in age-related osteopenia and
sarcopenia, changes also observed in frail elders (78).
Individuals with HIV-1 infection experience endocrine dys-
regulations related to hypothalamic and pituitary dysfunc-
tion (79). Just as in frailty, the somatotroph axis is affected
in HIV-1 infection (80). Data obtained from recent studies
suggest that the development of early functional impairment
in HIV-1 infected patients is associated with low IGF-1,
which leads to the decrease of muscle mass and bone min-
eral density. These indicators are initial manifestations of
somatopause (81). Another mechanism in which the soma-
totroph axis is involved in the setting of HIV-1 infection
is the development of lipodystrophy. Patients with HIV-
associated lipodystrophy show decreased levels of GH and
IGF-1 (82). Recent investigations on the relationship be-
tween body composition and frailty in HIV-infected older
adults have concluded that infected frail subjects tend to
exhibit central obesity and characteristic fat redistribution
consistent with lipodystrophy.

Several other changes related to the decay of the somato-
troph axis are worth noting. Recently, IGF-1 has been at-
tributed a role in the pathogenesis of numerous conditions
seen during aging such as atherosclerosis, cardiovascular
disease, cognitive decline, and dementia (83). These condi-
tions can be observed in HIV-1 infection as well. However,
further research must be carried out in order to determine
the definitive mechanism by which they occur.

Sex hormones are also affected due to changes in the pi-
tuitary-gonadal axis and most notably observed in men.
As HIV progresses to AIDS, testosterone levels usually
decrease. With the artival of HAART, the incidence of
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hypogonadism in HIV-infected men has declined from 40
to 20%. Hypogonadism may be accompanied by decreased
muscle and strength, generalized fatigue, reduced libido,
mood alterations, gynecomastia, normocytic anemia, and
diminished BMD (84). Hypogonadal men with HIV-as-
sociated weight loss treated with physiologic testosterone
therapy show improvement in lean body mass (LBM), mus-
cle strength, BMD, and health-related quality of life. Hy-
pogonadism may also be involved in the pathogenesis of
wasting syndrome, as it is present in up to 50% of men and
women with wasting and has been directly correlated with
decreased in both LBM and fat (85).

Given the multi-systemic nature and metabolic complexity
of frailty and HIV, it is unlikely that alterations of a single
axis (i.e. the somatotroph axis) can explain the entire met-
abolic dysregulation present in these conditions. Neverthe-
less, the importance of somatopause has been widely rec-

ognized as a determinant factor in aging and HIV infection.
CONCLUSION

HIV infection in older adults has important medical, psy-
chological, and socioeconomic implications. These patients
show a higher prevalence of comorbidities and, those who
remain untreated, a more rapid progression to AIDS. The
physiopathological similarities found between HIV-1 infec-
tion and frailty could behave as synergic phenomena that
may potentially impact these patients’ health status and

translate into a more profound deterioration. Due to the
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n international consensus group comprised of

investigators from the International Academy of

Nutrition and Aging (IANA) and the Interna-
tional Association of Gerontology and Geriatrics (IAGG)
recently convened in Toulouse, France to establish a defi-
nition for cognitive frailty in older adults. This effort was
motivated by growing awareness that many people with
physical frailty are also prone to cognitive problems. In
“Cognitive Frailty: Rationale and Definition” (1), an initial
working definition was developed, and a framework pro-
posed for future studies of cognitive frailty.
This group should be commended for addressing the con-
struct of cognitive frailty and an obvious gap in the clinical
gerontology literature. Physical frailty is a widely recognized
problem in the elderly. While age-associated cognitive dys-
function has been studied for many years, for the most part
it was not conceptualized in a manner that is consistent with
current definitions of physical frailty. In fact, cognition has
typically not been conceptualized in this manner, and only
recently has the term cognitive frailty been employed. Rock-
wood et al published one of the first studies to examine
factors associated with frailty in the elderly (2). Frailty was
conceptualized as a multidimensional construct with both
physical and cognitive origins. Panza et al. used the term
cognitive frailty in the title of their review of pre-dementia
syndrome vascular risk factors (3). In a subsequent paper,
Panza et al, attempted to specify different models of frailty
in pre-dementia and dementia syndrome (4). The prognos-
tic accuracy of frailty assessment inventories for mortal-
ity among hospitalized elderly people was examined sub-
sequently, with results suggesting that both cognitive and
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physical factors were important in predicting outcome (5).
We reviewed 199 manuscripts cited in PubMed in which
cognitive frailty was mentioned in either the title or as a
keyword. In the vast majority of these manuscripts, frailty
was examined as a manifestation of cognitive dysfunction.
Only recently has cognitive frailty itself become the focus
of inquiry.

The term cognitive frailty is attractive as it suggests a parallel
with physical frailty. The concept of physical frailty is rela-
tively well understood in the context of aging, and has been
operationalized in studies conducted over the past two dec-
ades (6-8). However, as Kelaiditi et al. point out, the opera-
tional definition of physical frailty remains unresolved (1).
The situation is even more problematic for cognitive frailty,
as past investigators have focused on a variety of different
phenomena.

The term has often been used as a general descriptor for
cognitive impairment occurring as people reach advanced
age. Sometimes cognitive frailty refers to cognitive distur-
bances or pre-dementia occurring in association with other
medical conditions (9). However, Kelaiditi et al. state that
cognitive frailty must be considered as being independent
of dementia or pre-existing brain disorders (1). Accord-
ingly, there seems to be several different perspectives on
the nature of cognitive frailty. The fact that the construct
is ambiguous and lacking a precise operational definition
clearly reinforces the authors’ effort to establish a common
language for future studies of cognitive frailty.

An obvious question emerges: How is cognitive frailty
different from cognitive reserver Cognitive reserve refers

to the capacity of a given individual to resist cognitive im-
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pairment or decline. Educational level and prior cognitive
abilities have been shown to be important determinants
of cognitive reserve (10-12). Cognitive reserve has been
linked with resilience of brain function and structure in
the presence of disease, injury, or other factors that alter
physiological functioning (13). While cognitive and brain
reserve undoubtedly have some common underpinnings,
the relationship between these types of reserve is still not
fully understood.

Kelaiditi et al maintain that “cognitive frailty is character-
ized by reduced cognitive reserve”. Accordingly, cognitive
frailty could be viewed as simply the inverse of cognitive
reserve. The authors indicate that while cognitive reserve
is an important element of cognitive frailty, it is also de-
pendent on the existence of physical frailty; ie., “the si-
multaneous presence of both physical frailty and cognitive
impairment”. They distinguish this category of older non-
demented adults from cognitive impairment in the absence
of physical frailty. The importance of this categorization
is that it emphasizes an important and often under- recog-
nized relationship between systemic physical illness, brain
dysfunction, and cognitive impairment. It is now well es-
tablished that cognitive disturbances occur secondary to
various medical conditions, such as cardiovascular disease,
diabetes and HIV (14-19).

The value of excluding brain disorders from cognitive
frailty may be less well justified. By limiting cognitive frail-
ty to people with physical frailty, Kelaiditi et al create four
discrete categories of older non-demented adults, which
may have some clinical value. However, with respect to the
concept of cognitive frailty, there are many examples of
people who are vulnerable to subsequent functional decline
based on the existence of subtle cognitive and/or brain ab-
normalities below the threshold for clinical detection. In
fact, a major thrust of current research on neurodegener-
ative disease focuses on the discovery of vulnerability and
early markers of future functional decline. While physical
disorders such as diabetes and cardiovascular risk factors
contribute to this vulnerability, a variety of neurobiological
and behavioral risk factors also exist that create functional
vulnerability (20-22), and ultimately cognitive frailty. In fact,
excluding people with brain disturbances from the defini-
tion of cognitive frailty fails to account for the fact that the
effects of physical illnesses are exacerbated by the exist-
ence of a neural predisposition to cognitive decline or prior
brain disturbances that reduce cognitive reserve. Further-
more, people with physical frailty who develop cognitive
frailty presumably do so as their brain begins to develop
neuropathological changes. Accordingly, there is value in di-
chotomizing cognitive frailty between people with or with-
out pre-existing brain dysfunction, or alternatively treating
brain vulnerability as a mediator of the effects of physical

illness on cognitive frailty.
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Defining cognitive frailty depends on determining its diag-
nostic criteria. Other than physical frailty, the primary crite-
ria proposed by Kelaiditi et al. is the presence of mild cog-
nitive impairment as defined by a clinical dementia rating
(CDR) score of 0.5, without Alzheimer’s disease or another
progressive brain disturbance that would lead to demen-
tia. Using these criteria, it is not clear whether people with
cerebrovascular disturbances would meet these critetia or
not. The authors make a point of also noting that “under
different circumstances cognitive frailty may also represent
a precursor of neurodegenerative processes”. This is a crit-
ical point that reinforces the need to go beyond the defini-
tion of cognitive frailty as occurring in the absence of brain
dysfunction. It is also likely that a CDR = 0.5 is too narrow
to fully capture the heterogeneity of cognitive frailty. For
example, people without cognitive impairment that rises to
the level of a CDR=0.5 may still be vulnerable to function-
al decline under certain conditions. This occurs commonly
during hospitalization, in response to extreme stress, or to
changes in the physical environment in the elderly.

In fact, it is the vulnerability to alterations in cognitive
function under such conditions that may be the essential
determinant of cognitive frailty. There are many people in
society with cognitive limitations who would not be con-
sidered to be frail, unless they exhibit a tendency to func-
tionally decompensate when their resources are challenged.
The key to operationalizing cognitive frailty may ultimately
depend of developing diagnostic challenges that would en-
able clinicians to determine this tendency. This will depend
on determining which neurocognitive measures are most
useful for detecting this vulnerability and for assessing the
severity of cognitive frailty.

In sum, “Cognitive Frailty: Rationale and Definition” (1)
provides a valuable starting point for the development of
a coherent operational definition and for future studies of
cognitive frailty. While closely linked to cognitive reserve,
the construct of cognitive frailty goes beyond cognitive re-
serve, particularly because of its association with physical
frailty and the fact that it often becomes evident in the con-
text of acute physical illness. There seems to be consider-
able value in distinguishing vulnerability to cognitive func-
tional decline among people with or without physical frailty,
though there is evidence that both cognitive and physical
frailty share several common pathophysiologic mechanisms
and risk factors. Growing and consistent epidemiologic evi-
dence shows that impaired physical performance, which is a
component of physical frailty, measured with walking speed
or the Short Physical Performance Battery (SPPB) (23),
is independently associated with cognitive decline (24-30).
The SPPB tests, including walking, balance and chair
stands, require the complex interplay of sensory, cognitive,
and motor functions. These systems may be altered early in
the path to cognitive decline (36, 37), and possibly to cogni-
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tive frailty. Low walking speed and low SPPB score are also
associated with elevated inflammatory cytokines and low
Brain-Derived Natirurectic Factor (BDNF) (38-40), all of
which are predictors of cognitive decline (41, 42).

Future research is needed to determine how phenotypic
differences among people and the existence of a wide va-
riety of preexisting manifestations of brain structure and
function affect this vulnerability. Following the expert con-

sensus, prospective studies will be needed to assess the reli-
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INTRODUCTION AHA allows people to realize their potential for physical,

social (economic, cultural, spiritual and civic affairs) and

As populations continue to grow older, efforts to support  mental wellbeing throughout the life course (3). AHA needs
the process of ageing well are important goals (1). Ageingis  to be promoted very early in life to be successful, contrib-
intertwined with socioeconomic inequalities, providing an  uting to general wellbeing of citizens and sustainability of
under-appreciated cause of poverty and hinders economic  social support systems.

development, particularly of underserved populations and  Frailty is a common threaten to both physical and psycho-
women. Active and Healthy Ageing (AHA) is amajor societal  logical/mental wellbeing in the eldetly and is a major deter-

challenge common to all countries and to all populations (2)  minant of adverse outcomes including functional decline.
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Frailty and chronic respiratory diseases

Frailty is increasingly seen as a multidimensional process
that may include disruption in the health status, mental
wellbeing or impact the equilibrium of the person with its
surrounding physical environment and social networks.
Chronic respiratory diseases (CRD) represent a model of
chronic diseases across the life course. As any non-com-
municable disease (NCD), they can be associated to frailty.
Both conditions, CRD and frailty, are key targets of good
practices emerging from the European Innovation Partner-
ship on Active and Healthy Ageing (EIP on AHA). In order
to foster discussion about key determinants of CRD and
frailty and to highlight good practices for replicability and
scaling-up, a meeting EIP on AHA was organized by the
Région Languedoc-Roussillon and Region Centro Portugal,
Lisbon July 1-2, 2015.

CHRONIC RESPIRATORY DISEASES

CRDs are chronic diseases of the airways and the other
structures of the lungs. Major preventable CRD include
asthma and respiratory allergies, chronic obstructive pulmo-
nary disease (COPD), occupational lung diseases, sleep ap-
nea syndrome and pulmonary hypertension. CRDs are ma-
jor NCDs and affect over one billion people in the world (4)
(Table 1). The burden of preventable CRD has major ad-
verse effects on the quality of life and disability of affected
individuals; they cause premature death and create large ad-
verse and underappreciated economic effects on families,
communities and societies in general. Among the EU mem-
ber states, asthma accounted for an average of 53 hospital
admissions per 100 000 population in 2009 and the average
COPD-related admission rate was 184(5). The annual direct
and indirect costs in the 28 EU countries due to COPD or
asthma are estimated at €48 billion and €34 billion respec-
tively (5).

Table 1: Prevalence of chronic respiratory diseases (WHO estimates)

from (2)
Asthma 2004 300 million
COPD 2007 210 million
Allergic rhinitis 1996-2006 400 million
Sleep apnea 1986-2002 >100 million
Others 2006 >50 million

Chronic respiratory diseases negatively impact active and
healthy ageing (AHA). Breath difficulties and poor blood
gas exchange are key determinants of metabolic health,
leading to physiological inefficiencies, susceptibility to the
onset or fast progression of diseases and poor physical and

mental performance.
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COPD is a heterogeneous disease with various clinical
presentations. It is a characterized by persistent airflow lim-
itation that is usually progressive and associated with an en-
hanced chronic inflammatory response (neutrophilic) in the
airways and the lungs to noxious particles and gazes. World-
wide, the most common risk factor is tobacco smoking. In
many countries, outdoor, occupational and indoor air pol-
lution (mainly biomass fuel combustion) are major risk fac-
tors. In addition, any factor that affects lung growth during
pregnancy and early childhood (infection) may increase the
risk for COPD (6). COPD is a major public health problem
in subjects over 40 years of age and will remain a challenge
for the future. COPD has an estimated annual death rate
of over 4 million people globally. COPD is a major source
of disability. Physical disability stemming from exercise-in-
duced dyspnea, muscular deconditioning, and other factors
has a major impact on the quality of life of the patients.
The six-minute walking distance (6(MWD) is a patient-im-
portant outcome in research and clinical practice to evaluate
exercise capacity in COPD and cardiovascular disorders (7).
Many individuals with COPD have low body weight associ-
ated with impaired pulmonary status, reduced diaphragmat-
ic mass, lower exercise capacity and higher mortality than
those who are adequately nourished (8). COPD is associat-
ed with social disability (9).

Asthma is defined as an airflow obstruction that is re-
versible spontaneously or after treatment. Inflammation
(eosinophilic) of the airways and non-specific bronchial
hyper-reactivity are features of asthma (10). Asthma and
allergic diseases occur along the life cycle from early child-
hood (11). Asthma is a global health problem. Patients from
all countries, all ethnic groups, all ages suffer from asthma.
The prevalence of asthma can be higher than 20% of the
population in some age groups. Asthma affects social life,
sleep, school and work. Long-standing asthma can cause
disability and COPD. Various social and economic effects
are associated with asthma including absenteeism and pre-
senteeism (12).

FRAILTY IN CHRONIC RESPIRATORY DISEASES

Frailty is a progressive physiological decline in multiple or-
gan systems matrked by loss of function, loss of physio-
logical reserve and increased vulnerability to disease (13).
It is considered as an early stage in the pathway towards
disability characterised by a progressive functional decline
which, differently from disability, is still amenable for pre-
ventive interventions and is reversible. Frailty appears to be
secondary to multiple conditions using multiple pathways
leading to a vulnerability to a low-power stressor. Biological
(inflammation, loss of hormones), and clinical (e.g sarco-
penia, osteoporosis) factors are involved in the mechanisms

leading to frailty and social factors (isolation, financial sit-
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uation) play a significant role in modulating both the time
of its clinical onset and its evolution and prognosis (14, 15).
Many chronic diseases are associated with increasing frailty
and functional decline in older people, with concomitant
personal, social, and public health implications (16). Pre-
frail participants have more comorbidity and are at high-
er risk for disability than non-frail participants (17). Old-
er people suffering from frailty often receive fragmented
chronic care from multiple professionals. There is an ur-
gent need for coordination of care and a multidimension-
al approach in developing interventions aimed at reducing
frailty, especially in lower educated groups (18, 19). Patients
with CRDs are ageing and it is therefore of importance to
consider frailty as an important outcome in order to reverse

it (Figure 1).

Figure 1: The vicious circle between chronic respiratory diseases and
frailty

Multidimensions of CRD-Frailty

Virtuous and vicious circle

Unrecognized CRDs can be detected in frail elderly
patients (20).

COPD may be associated with frailty. Sarcopenia affects
up to 15% of patients with stable COPD and impairs func-
tion and health status (21).

Gait speed in Impact of COPD treatment: Gait speed,
a key marker of frailty is a consistent predictor of adverse
outcomes. Gait speed is mainly determined by exercise
capacity but reflects global well-being as it captures many
of the multi-systemic effects of disease severity in COPD
rather than pulmonary impairment alone. Gait speed slows
down with increasing COPD severity. It correlates with age,
clinical symptoms, pulmonary functions, and quality of life
scores. Gait speed may be used as a functional capacity
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indicator (22). The usual gait speed is correlated with the
O6MWD (23). In community-dwelling elderly people, has
been demonstrated in patients with COPD that usual gait
speed is a consistent predictor of adverse outcomes (24).
The changes in usual gait speed and 6MWD were associated
with increased 12-month mortality in patients with severe
COPD suggesting that gait speed may inform clinicians
when to initiate end-of-life communications and palliative
care (25). The increasing evidence on gait speed is promis-
ing as a simple test that can inform the clinician about many
important functional aspects of the COPD patient (20).

CRDs are associated with social life and work im-
pairment and the social component of frailty may be of
relevant importance in some patients with asthma and/or
COPD, especially in old age adults.

It remains to be proven, however, whether optimizing treat-
ment of frail COPD patients with multi-morbidities and
polypharmacy improves health outcomes. Integrated care
services in frail community-dwelling COPD patients im-
proved clinical outcomes such as survival and decreased the
ED visits, but it did not reduce hospital admissions (27).

Frailty may be common in asthma in the elderly (28)

but no studies have demonstrated it.

CRDs may represent a model of frailty across the life
course. CRDs are diseases often occurring early in life
and they represent a model of chronic diseases across the
life course. They impact social life and are inducing frailty
across the life course. Understanding how frailty can occur
and be prevented across the life course is likely to have a
major impact on the prevention of frailty in old age adults
with chronic diseases with a major impact in health and so-

cial care as well as costs.

THE EUROPEAN INNOVATION PARTNERSHIP ON ACTIVE
AND HEALTHY AGEING

To tackle the potential of ageing in the EU, the European
Commission -within its Innovation Union policy- launched
the EIP on AHA (DG Santé, DG Connect) (29). It pursues
a triple win for Europe (https://webgate.cc.europa.cu/ei-
paha/):

* Enabling EU citizens to lead healthy, active and inde-
pendent lives while ageing.

* Improving the sustainability and efficiency of social and
health care systems.

* Boosting and improving the competitiveness of the
markets for innovative products and services, respond-
ing to the ageing challenge at both EU and global levels,
thus creating new opportunities for businesses.
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The Action Plan A3 of the EIP on AHA is helping to prevent
functional decline and frailty, targeting multi-dimensions
including the physical and mental/cognition components,
as well as environment-related determinants, like malnutri-
tion. The Action Plan B3 of the EIP on AHA is promot-
ing integrated care models for chronic diseases, including
the use of remote monitoring, The objective of Integrated
Care Pathways for Airway Diseases (AIRWAYS-ICPs) (30)
is to launch a collaboration to develop multi-sectoral
care pathways for CRDs in European countries and re-
gions as part of the EIP on AHA (Area 5 of the Action
Plan B3) and to scale up globally with WHO GARD (4)
in order to (i) reduce the burden of the CRDs and (ii) pro-
mote AHA. AIRWAYS ICPs does not duplicate existing
EU prevention programmes in CRDs (e.g anti-smoking)
but will strengthen them where appropriate.
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Abstract

Diabetes mellitus (DM) is a disabling chronic condition
with a tremendous health, social, and economic burden
within our ageing communities. The main impact of diabe-
tes in older adults stems from its effect on function, both
physical and cognitive, that finally impairs their quality of

life, although the impact on survival is modest.

INTRODUCTION

Diabetes mellitus (DM) is a highly prevalent metabolic
condition (up to 30%) that is associated with disability and
reduced life expectancy in older people (1-4). As many as
40% of people with DM remain undiagnosed (5).

Frailty has emerged during the last two decades as the
most powerful predictor of disability and other adverse
outcomes including mortality, disability, and institutionali-
zation in older adults (6). Frailty can be described as a state
of increased vulnerability to stressors, which results from
decreased physiological reserve in multiple systems that
causes limited capacity to maintain homeostasis (7). The
prevalence of frailty in older adults has been described to
be between 7-30% depending on the nature of the popula-
tions and the criteria used (8).

Sarcopaenia, the loss of muscle mass associated with age-

ing, appears to be an important contributor to the patho-
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Frailty is a powerful predictor of disability and other ad-
verse outcomes including mortality, disability, and institu-
tionalization in older adults.

We explore the intimate relationship between diabetes and
frailty and recognise their huge societal and personal health
burden.

Key words: diabetes, sarcopaenia, frailty, older people

physiological pathway leading to frailty and its effects are
exacerbated by diabetes which is known to accelerate loss
of muscle mass.

This review explores these interrelationships.

DIABETES MELLITUS

DM is a syndrome characterised by chronic hyperglycaemia
and disturbances of carbohydrate, fat, and protein metab-
olism, associated with an absolute or relative deficiency in
insulin secretion and/or insulin action. The development
of type 2 diabetes in older adults represents the progressive
worsening of multiple age-related metabolic disturbances
plus a contribution from environmental, genetic, and be-

havioural factors (9).

Older people with diabetes have higher rates of premature
death and coexisting medical conditions than those with-
out diabetes (10). They are also at a greater risk of sev-

eral common geriatric syndromes such as polypharmacy,
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depression, cognitive impairment, urinary incontinence,
injurious falls, and persistent pain (11). Diabetes is a risk
factor for the development of frailty, more than doubling
the risk (OR: 2.18) after 3.5 years of follow-up. Overall, it is
associated with a decline in quality of life and a decrease in

leisure activities (12,13).

SARCOPAENIA

Sarcopaenia, the progressive decline in muscle mass and
consequently strength and function may be due to pro-
gressive atrophy, loss of muscle fibres (14), and a reduction
in “muscle quality” due to the infiltration of fat and other
non-contractile material alongside changes in muscle me-
tabolism and insulin resistance (15). The main effect of a
loss of muscle mass is reduced muscle strength and pow-
er, which are important factors to maintain stability and
gait, and necessary to perform ADLs (16). Impaired mus-
cle strength is highly predictive of incident disability and
all-cause mortality in this population, and sarcopaenia has

been considered to be an integral component of frailty (17).

FRAILTY

Frailty is a complex clinical condition lacking consensus
on a standardised definition, however Fried and colleagues
have put forward a definition of a clinical phenotype of
frailty which has been widely used (18) and is based on
three main questions relating to weight loss, exhaustion,
and physical activity levels supported by two practical tests
involving hand grip strength and gait speed determinations.

A biological model, the “cycle of frailty”, that included
sarcopaenia, neuroendocrine and inmune dysfunction as
potential causes has been proposed. Frailty is not an inevi-
table consequence of the ageing process, but appears to be
a dynamic process and also potentially reversible. Early rec-
ognition of frailty and early intervention should therefore
be a major focus for care of older people.

SARCOPAENIA IS AN INTERMEDIARY

The maintenance of skeletal mass and function is a due to
multiple factors including hormonal, inflammatory, neuro-
logical, nutritional, and activity components (16). The de-
velopment of sarcopaenia can be a result of alterations in
multiple physiological systems, as well as from decline in
activity and specific diseases. Briefly these are:
Nutritional factors:

Older people with diabetes may be at increased risk of
malnutrition, and there is probably a causal relationship be-
tween malnutrition and functional decline in this group (19).
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Other factors can also contribute to poor nutrition in older

people such as renal impairment and vitamin deficiencies.

Hormone imbalance:

Age-related alterations in hypothalamic-pituitary-testicu-
lar, hypothalamic—pituitary-adrenal and GH-IGF-1 axes
are known to be associated with frailty via influences on
muscle strength, bone strength and mobilit (16). There is
accumulating evidence that several factors that have been
shown to play a key role in the protein synthesis of muscle
mass, such as IGF-1 and testosterone, are decreased in di-
abetes (20,21).

VitaminDlevelsarelowerin diabetes which may contribute to
B cell dysfunction, insulin resistance and inflammation (22).
Also, studies suggest that vitamin D levels correlate with
muscle mass and strength and low levels of vitamin D are
associated with falls and functional decline (23), and the
frailty syndrome (24).

Insulin and insulin resistance:

Insulin resistance may lead to impairment of muscle
strength, and during ageing, insulin resistance appears to be
involved in muscle protein loss. Loss of control of the an-
abolic action of insulin on ageing muscle may be a key fac-
tor favouring sarcopaenia (16). Handgrip muscle strength
is also significantly associated with fasting insulin level or
insulin resistance. Other relevant observations include in-
sulin-induced inhibition of protein degradation, an increase
in protein synthesis and inhibition of proteolysis and a role
in other key steps in protein regulation (25-27).

Inflammation and anti-inflaimmatory response:
An increase in proinflammatory cytokines may be associ-
ated with sarcopaenia and frailty (28,29). Diabetes is also
associated with elevated cytokine levels, and higher level of

cytokines can induce insulin resistance.

Obesity:
Obesity is a causative factor for the development of type 2
diabetes and frailty; with higher fat mass and lower muscle
mass, physical activity becomes progressively more difficult,
promoting further muscle mass loss. This cycle potentially

leads to “sarcopaenic obesity

onset of physical disability (30).

, a major risk factor for the
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Advanced glycation end products (AGEs):
AGEs formation accompanies diabetes mellitus and may
play a role in the pathogenesis of sarcopaenia, through
AGE-mediated increases in inflammation, endothelial dys-
function in the microcirculation of skeletal muscle and

through cross-linking of collagen in skeletal muscle (31).

Mitochonderial dysfunction:
Defects in mitochondrial oxidation and phosporylation
have been demonstrated both in older adults without di-
abetes, and in young obese and non-diabetic offspring of
people with type 2 diabetes (32,33). These abnormalities
could lead to a vicious cycle in which mitochondrial dys-
function, elevation of intramyocellular lipids, impaired lipid
oxidation and insulin resistance amplify each other, leading

to sarcopaenia.
OTHER FACTORS

Microvascular Complications of Diabetes:
Alterations in neurotransmission and motor unit remodel-
ling seen in diabetic polyneuropathy may provide a basis
for changes in motor performance (34). Diabetes-related
renal impairment and may increase the risk of frailty due
to inactivity, loss of muscle mass, comorbid conditions and

decline in physical and cognitive function.

Atherosclerosis and Diabetes:
Diabetes-related macrovascular disease can increase morbid-
ity and mortality and also exacerbate physical inactivity (13).
Atherosclerotic change and endothelial dysfunction are key
underlying features involved in this process.

Peripheral vascular disease may also affect muscular perfor-
mance, and tends to be more diffuse in individuals with dia-
betes. The effect of impaired oxygen supply on striated mus-
cle may be direct, or indirect via the peripheral nerves (35).

Cognitive decline:

Both frailty and diabetes is associated with an increased risk
of mild cognitive impairment (MCI) and diabetes increas-
es the risk of dementia; repeated hypoglycaemic episodes
are also more likely to develop dementia (36). Multiple
mechanisms such as the formation of AGEs, cerebrovas-
cular disease which may exacerbate 3 amyloid neurotoxicity
and decreased cholinergic transport across the blood-brain
barrier (37-38) may explain part of this linkage. The term
“type 3 diabetes” has also been used to suggest that AD is a
form of diabetes based on findings such as hyperinsulinae-
mia linked to recent onset Alzheimer’s in subjects without
diabetes (39). Vascular risk factors such as hyperglycaemia
interact with ApoE4 to increase the risk of cognitive de-
cline above and beyond the effect of ApoE4 alone, and this
association has been supported by recent data (40).

CONCLUSIONS

Diabetes, sarcopaenia and frailty are associated with disabil-
ity, morbidity and mortality. Diabetes accelerates the ageing
process and could provide a pathophysiological environ-
ment for the development of frailty, with the close relation-
ship between diabetes and sarcopaenia as a common factor
(Figure 1). Diabetes can contribute to frailty by increasing
the incidence of the core components of frailty: weakness,
exhaustion, slowness and low physical activity level. Dia-
betes can also contribute to frailty through its associated
complications; atherosclerosis, microvascular disease, neu-
ropathy and dementia/cognitive impairment.

We believe that early recognition of frailty and sarcopaenia
in older adults with diabetes should be a mandatory process
in order to promote early multi-modal interventions based
on physical exercise, nutritional education and which are
aligned to glycaemic and other metabolic targets essential
to proper functioning.

Figure 1: Schematic representation - combined effects of ageing, diabetes and sarcopaenia on lower limb dysfunction: moving towards Frailty
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Abstract: Frailty commonly affects older persons, increas-
ing their risk for adverse outcomes. Oral health is affected
by those conditions related to the mouth and teeth, includ-
ing caries, periodontal diseases, dysgeusia, presbyphagia and
oral cancer among others. Oral health problems can be clas-
sified as development defects and acquired problems. These
latter are related to infection or trauma, have a cumulative
effect throughout life and their consequences are lifelong;
Such acquired problems can be classified as primary or sec-
ondary, both interacting in a complex mannet. Recovery to
a previous state of tissue integtity is often impossible from
these conditions. These complex interactions have negative
impacts on the individual’s general health and quality of life.
Oral status is an important contributor to general health,
and has been linked to several chronic conditions such as
cognitive impairment, diabetes, cardiovascular diseases,
strokes, and cancer. An individual’s oral health is mostly sta-
ble throughout life. Tooth loss may be considered as the fi-
nal outcome, resulting as a consequence of history of caries
and periodontitis, as well as failure of prevention and treat-
ment. The loss of a tooth may thus represent the first step
of a vicious cycle. In fact, without intervention, one miss-
ing tooth may lead to further teeth loss, thus reducing the
capability to chew and consume nutrients (essential for life
and adequate physiological function), and finally contrib-
uting to the development of age-related chronic diseases.

Key words: Oral health, frailty, oral health problems, peri-

odontal diseases, periodontitis.
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INTRODUCTION

Frailty is a state of diminished physiologic reserve and is as-
sociated with enhanced susceptibility to adverse outcomes
in older persons (1-4). The prevalence of this condition in-
creases with age (5-7). Oral health has been related to sev-
eral chronic conditions, demonstrating its important role as
major contributor to general health. Oral health problems
have a cumulative effect throughout life (8-11). They may
onset at young age (8), subsequently affecting the nutri-
tional status at older age (12-14). Oral health problems are
indeed often underestimated in youth with consequences
becoming clinically evident at more advanced ages. Oral
health conditions often anticipate the clinical manifestation
of chronic diseases, contributing to their development.

FRAILTY

The conceptof frailtyhasbeenstudied for over 30 years (1-4).
Sometimes, it has been wrongly used as synonymous of co-
morbidity, disability, and/or aging (4, 15, 16). Frailty expos-
es the individual at the risk of adverse outcomes, including
falls, institutionalization, and death (17, 18). Frailty conse-
quences are considered as the result of excessive demands
in an individual with diminished physiologic reserves (3, 19).
Frailty may simulate a phase of accelerated aging,

Frailty has been identified in elders, with a prevalence of
about 20% in community-dwelling older persons (15, 20). It

often occurs in conjunction with other chronic conditions,
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indicating a possible relationship between frailty and co-

morbidities as well as an eventual interaction among them.
ORAL HEALTH

Oral health refers to a cluster of conditions related to the
mouth and teeth, the most common of which are dental
caries (21-23). It also includes periodontal diseases (e.g.
gingivitis and periodontitis), xerostomia, presbyphagia, dys-
phagia and oral cancer, among others (Table 1).

There are two basic types of oral health problems, those re-
lated to development defects and those acquired during the
course of life (or cumulative changes; Table 1), sometimes
simultaneously occurring with specific physiologic mecha-
nisms (Figure 1).

Such physiologic modifications can be divided into two
groups according to the affected period of life. During the
first 12 years of life, the changes are associated with the
eruption of teeth (both primary and permanent dentition).
After the sixth decade of life (24), these changes are related

to a lower cellular replacement rate in the mucosa, which

Figure1

can lead to changes in pressure and thermic sensibility, as
well as in taste (i.e. dysgeusia; Figure 1). Another major
change occurring at older age is the yellowing of the teeth
due to the protective response of dentinoblasts (24).

The acquired (cumulative) modifications negatively affect-
ing oral health may frequently be due to infections (e.g. car-
ies and periodontal diseases) as well as to trauma. The onset
of such changes may begin at very young age (e.g. even
before one year of age with caries in primary dentition and
premature tooth loss) (8, 9). The consequences may then
be lifelong (e.g: tooth loss and need of dental prostheses;
Figure 1) (8, 10, 24). With aging, new conditions (e.g. peri-
odontitis after 18 years of age or xerostomia after 30 years
of age) may be acquired (25, 206), exposing the individual at
different and heterogeneous outcomes, such as tooth loss,
caries or root caries, need of dental prostheses, and presb-
yphagia. Interestingly, specific oral disorders (e.g xerosto-
mia and hyposialia) are closely related to the use of certain
drugs (e.g. anticholinergics, antidepressants and antihista-
mines) as well as to polypharmacy, conditions particulatly

frequent among elders (25-28).

Physiologic and cumulative oral modifications occurring during the life course
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Development of Non-Communicable Disea

The acquired changes occurring in oral health can be clas-
sified as primary (or affecting intact tissues [e.g. caries and
periodontal diseases]), and secondary (in which they are
the consequence of primary acquired problems; Table 1).
Primary and secondary changes interact in a complex man-
ner (Figure 2), and recovery to a previous state of tissue
integrity is often impossible after their onset. Instead, re-
habilitation is required. The complex interaction between
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primary and secondary changes has a negative impact on
the individual’s general health and quality of life (Table 2),
potentially leading to the generation of a vicious cycle that
can only be halted by the adoption of hygiene and lifestyle
modifications. For example, in the context of periodontal
diseases, recovery from gingivitis is possible, but periodon-

titis will always leave sequels.
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ORAL HEALTH AND FRAILTY

Limited evidence is available about the possible relation-
ship between oral health and frailty. Despite differences in
the adopted methodology, the findings of existing studies

are quite consistent. In particular, it is well established that

Table 1

Oral health conditions

individuals with fewer teeth (29-31) and edentate persons
who are not wearing dentures (32) present a higher risk of
being frail. In a longitudinal study of older persons aged 70
years and older (follow-up: 3 years), the number of residual
teeth was strongly associated with a lower risk of develop-
ing frailty (29).

* Genetic and Development Oral Health Problems
Amelogenesis imperfecta
Dentinogenesis imperfecta
Cleft lip
Cleft palate

* Acquired Oral Health Problems
Primary (onset on intact tissues)

- Caries

- Periodontal diseases
Gingivitis
Periodontitis

- Dental fracture

- Tooth loss
- Root remains
- Edentulism
- Non-functional dental prostheses
- Halitosis
- Oral cancer
e Others
Xerostomia
Hiposialia
Presbyfagia
Dysgeusia

Temporo-Mandibular Disorders

Secondary (onset as sequel of primary acquired problems)
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FRAILTY FROM AN ORAL HEALTH POINT OF VIEW

Consequences of oral health problems and associated chronic conditions

Oral health

problem

Caries

Gingivitis

Periodontitis

Tooth loss

Root remains

Edentulism

Non-functional
dental
prostheses

Xerostomia and
hiposialia

Mucosal lesions

Dysphagia

Consequences

Dental fracture
Pain

Tooth loss
Root remains
Edentulism

Bleeding gums
Progression to periodontitis
Halitosis

Bleeding gums

Acute and chronic infections
Acute and chronic inflammation
Halitosis

Dental mobility

Tooth loss

Edentulism

Chewing problems

Speaking problems

Chewing problems

Speaking problems

Need for dental prostheses (partial
dentures)

Loss of support for facial muscles

Acute and chronic infections
Chewing problems
Halitosis

Chewing problems

Speaking problems

Need for dental prostheses
(complete dentures)

Dysgeusia

Thermic and pressure sensibility
changes

Chewing problems

Speaking problems

Dysgeusia

Dysphagia

Thermic and pressure sensibility
changes

Caries

Periodontal diseases

Mucosal lesions

Caries

Periodontal diseases
Opportunistic infections
Chewing problems
Speaking problems

Pain
Chewing problems
Oral cancer

Chewing problems
Malnutrition
Bronchoaspiration

Chronic condition associated

Cognitive impairment
Arthritis

Cognitive impairment
Arthritis

Diabetes
Cardiovascular diseases
Arthritis Embolism
Cognitive impairment

Respiratory infections
Obesity
Osteoporosis

Diabetes

Cognitive impairment

Arthritis

Nutritional implications (changes
in food selection)

Frailty

Cancer

Chronic inflammation

Nutritional implications (changes
in food selection)

Cognitive impairment

Diabetes

Cardiovascular diseases
Nutritional implications (changes
in food selection)

Arthritis

Frailty

Cancer

Nutritional implications (changes
in food selection)

Frailty

Cognitive impairment

Cardiovascular diseases
(hypertension)
Depression
Polypharmacy

Arthritis

Cognitive impairment

Cognitive impairment
(Parkinson disease)
Neurological impairment
Depression

Stroke

Component of the proposed model

linking oral health and frailty

Utilization of Dental Services
Functional
Psychosocial

Utilization of Dental Services
Functional
Psychosocial

Utilization of Dental Services
Psychosocial
Physiologic/biologic

Utilization of Dental Services
Psychosocial
Functional

Utilization of Dental Services
Psychosocial

Functional
Physiologic/biologic

Utilization of Dental Services
Psychosocial
Functional

Utilization of Dental Prostheses
Psychosocial
Functional

Functional
Physiologic/Biologic

Functional
Physiologic/Biologic

Functional
Psychosocial
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Figure 2

Complex interactions between primary and secondary cumulative oral changes
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These findings support the hypothetical model here pro-
posed linking oral health and frailty, in which four compo-
nents are identified: functional, psychosocial, physiologic/
biologic, and utilisation of dental services (33). The oral
health (acquired) problems, either primary or secondary,
contribute to each component to different degrees (Table 2)
with tooth loss seeming to be the major contributor to
health deterioration. This pattern has been observed in sev-
eral studies showing that the number of teeth has not only
nutritional implications (12, 13, 34-36), but is also associat-
ed with atherosclerosis (37), chronic obstructive pulmonary
disease (38), fatigue (30), reduced quality of life (39), and
higher risk of head and neck cancer (40) and cognitive im-
pairment (41).

It must be emphasised that tooth loss is the final outcome
frequently resulting after a natural history of caries and
periodontitis. As such, missing teeth represent the failure
of prevention and treatment and reflect the necessity for
dental prostheses, which, in cases of failure, will then lead
to a new chain of adverse outcomes (e.g. mucosal lesions).
In Figure 2, we can observe that caries, periodontal diseas-
es, and trauma all converge to tooth loss. Tooth loss is re-
sponsible for speaking and chewing problems, as well as
for low quality of life. The utilisation of non-functional
dental prostheses may also affect the individual’s capacity
to comfortably speak and chew. Chewing problems are the
main reason for changes in food choices (14, 34, 36, 42, 43),
potentially resulting in impaired nutritional status (14, 36, 44)
(Figure 3).
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ORAL HEALTH AND GENERAL HEALTH

Oral health is an important constituent of the overall health
status (22, 45, 46). Oral conditions have been related to cog-
nitive impairment (41, 47-49), diabetes (50), cardiovascular
disease (51-55), stroke (506), respiratory infections (53),
obesity (55), osteoporosis (56), and arthritis (58-62). Ad-
ditionally, they have shown to exert a negative impact on
the individual’s quality of life (63-606), and are associated to
polypharmacy (25, 27, 28) (Table 2).

Several pathways may be described to explain the associa-
tions between oral and non-oral health conditions. As an
example, in Figure 3, we present the mechanisms linking
oral health problems and malnutrition, probably the most
straightforward and direct relationship. This model begins
with a healthy mouth in which the presence of caries or
periodontal diseases leads to tooth loss. Consequently, the
individual may develop chewing problems and modifica-
tions in food preferences, finally resulting in lower nutri-
ent and caloric intake. Some individuals cope with chewing
limitations by switching to unhealthier food, which may
lead to obesity or weight loss. In cases where an individu-
al’s energy intake becomes insufficient, detrimental effects
may become evident on his/her capacity to conduct daily
activities (67-71).
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Figure 3
Possible pathway from oral health problems to malnutrition
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FRAILTY FROM AN ORAL HEALTH VIEW

As mentioned above, an individual’s oral health is quite
stable throughout life, and acquired changes (in particular,
tooth loss; Figure 1) are often related to infections or trau-
mas. The loss of a tooth may then represent the first evi-
dent sign of a starting decline; one missing tooth can lead
to the loss of additional teeth, especially if no intervention
(or an inadequate one) is implemented.

Most missing teeth require dental prostheses, which must
be functional. If they are not functional, they will promote
the development of mucosal lesions and further tooth loss
and may result in chewing problems. The process of pro-
gressive loss of teeth not only puts the individual at higher
risk for malnutrition, but also exposes to the risk of inade-
quately respond to stressors. This scenario is very similar to
what happening in the context of frailty.

In summary, oral health problems have a cumulative ef-
fect throughout life (Figures 1 and 2) and can be of such a
low intensity that early in life, their effects may be ignored.
However, if these problems are not promptly addressed,
they may progress until the treatment becomes very com-
plex (Figure 2). Some of the consequences will contribute
at the development of additional chronic conditions, gener-
ating a network of interacting and self-feeding mechanisms
progressively and rapidly deteriorating the individual’s
health status. As such, oral health could possibly represent
an indicator, a risk factor, or even an outcome of general
health at the same time. For example, oral health could be a
marker of cognitive impairment as there are reports show-
ing that persons with cognitive impairment are more likely
to present caries (either coronal or root caries), periodon-
tal diseases and have more missing teeth (47, 49), probably
due to poor personal hygiene. Oral health may be used as a
risk factor for malnutrition, as discussed above. This means
that in a person with poor nutrition, it is important to ex-
plore oral health and identify possible issues in his/her food

6

selection (12, 34, 35, 43, 72). Finally, oral health may act
as outcome. For example, in adults taking multiple med-
ications causing xerostomia (e.g. anticholinergic and anti-
hypertensives) the risk of caries and periodontal diseases
might be increased (25, 26, 28).

CONCLUSION

Dental loss may represent the initial point for decline in
general health. It is a major outcome requiring immediate
counteractions before the detrimental process becomes ir-
reversible. Such preliminary step in a vicious cycle mining
the maintenance of adequate health status strongly resem-
bles the concept of frailty commonly adopted in geriatrics.
It is noteworthy that the pathway we have described is not
monofactorial, but results from the interaction of several
other domains (e.g. genetics, economics, lifestyle habits...).
At the same time and in the same way, the oral health as-
sessment becomes crucial for the understanding and cor-
rect framing of any chronic condition.

As oral health is a part of an individual’s general health sta-
tus, multidisciplinary studies are needed to assess the con-
tribution of oral health measures to specific conditions (e.g.
diabetes, cardiovascular disease, cognitive impairment). The
number of teeth may serve as a good marker for general
health, as it reflects the net accumulation of several expe-
riences over time, from poor hygiene habits to the occur-
rence of caries, periodontal diseases, and trauma. Further-
more, teeth count is a clinical-friendly information that can
be casily retrieved during the comprehensive assessment
of the older person, providing useful insights (e.g. possible
nutritional issues) for the design of the most appropriate

intervention.

This article was published in the Journal of Frailty and Aging
Volume 3, Number 3, 2014
http://www.jfrailtyaging.com/
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ver recent years a number of concepts have
arisen to describe the cognitive decline, beyond
healthy aging, that has been observed in substan-

tial numbers of older persons whose impairments fall short
of meeting of the criteria for dementia. This decline may
or may not be linked to an early dementing process. Among
these well-known entities are Age Associated Memory Im-
pairment (AAMI), Cognitive Impairment, Not Demented
(CIND), Mild Cognitive Impairment (MCI of various types
such as amnestic, with executive dysfunction, multi-domain,
etc.) and more recently, with the emergence of Psychiatry’s
Diagnostic and Statistical Manual 5th Edition (DSM 5), Mi-
nor Neurocognitive Impairment (MNCI). Each entity uses
similar but distinct clinical diagnostic criteria and may be
linked to underlying specific brain diseases.
A new concept, Cognitive Frailty (CF), has recently emerged
in the Geriatrics literature (1, 2). Most recently Keleiditi and
colleagues (11) have proposed the elements that comprise
this clinical construct, and suggest a basic operational defi-
nition of the condition. Raising interesting points they indi-
cate that cognitive frailty should be:

1) linked to a reduction in cognitive ‘reserve’,

2) independent of specific brain diseases but at the same
time co-exist with the presence of physical frailty (in this
concept, cognitive frailty is to be distinguished from the
presence cognitive impairment found in non- physically
frail individuals such as physically robust mild Alzheim-
er’s Disease [AD] patients).

3) represented by a score of 0.5 on the well-established
Clinical Dementia Rating Scale (CDR), a score that often
is associated with a pre-dementia state, but is not with
frank dementia.

Appearing in the geriatrics literature, the term Cognitive

Frailty (CF) evokes a parallel or link to physical frailty, a
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major geriatric syndrome with negative health outcomes.
Some studies now suggest that cognitive impairment (pre-
sumably of non-specific etiologies) provides added value
for the prediction of negative health outcomes in physically
frail elders (3, 4). Thus CF may be unlike the previously
noted mild cognitive impairment entities whose principal
goal appears to be to reveal the earliest clinical stages of
dementing illnesses. Rather than foreshadowing or predict-
ing underlying, specific brain diseases, CF may be a concept
which identifies a proclivity toward cognitive functional de-
cline, a loss of resiliency and adaptability to challenge, that
could lead to negative health outcomes such as diminished
executive abilities and increased dependency, both of which
could exacerbate other negative physical health outcomes
associated with frailty. However, while this is of intetest,
at this point we know little about the pathophysiology un-
derpinning this condition, which Keleiditi et al. suggest can
be independent of specific brain disease; nor do we know
much about how it might be remediated. Thus the pro-
posed Keleiditi el al. criteria that define the concept of CF
deserve further consideration and some additional sugges-
tions for clarification and eventual clinical application.

First let us consider the basic mechanism underpinning CF
which has been suggested as a reduction of cognitive re-
serve. This point could benefit from further development.
It is clear that brain diseases, particularly the dementias, can
dramatically alter cognitive reserve as can severe systemic
illness. Yet a majority of elders do not develop these con-
ditions, so let us first consider the case of usual aging, non-
brain diseased individuals. As employed by Keleiditi and
colleagues, cognitive reserve implies a passive process simi-
lar to the concept of ‘brain reserve capacity’ first proposed
by Katzman (5), and Satz (6) who define reserve in terms
of the amount of brain damage (e.g. aging changes, micro-
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vascular changes, white matter loss) that can be sustained
before reaching a threshold of detectable clinical expres-
sion. Analogously, according to Keleiditi et al., the appeat-
ance of CI would be established with the slightly abnormal
CDR score of 0.5. In contrast, a possibly more attractive
model of cognitive reserve, one that is more ‘active’ could
be used. Such a model would suggest that the brain actively
attempts to manage damage or age-related changes by ei-
ther using pre-existing cognitive processing approaches or
by using compensatory mechanisms (7, 8). Thus, an active
model of cognitive reserve implies that underlying it are
neural networks and neuronal connectivity that are more
efficient, have a greater capacity or are more flexible in in-
dividuals with greater reserve than those with less. Conse-
quently, high brain reserve persons may be more capable
of coping with challenges imposed by age-related brain
changes or systemic or brain disease. Significant variability
exists in cognitive reserve among individuals and epidemio-
logic studies have suggested that good proxies for amount
of cognitive reserve include measures of economic attain-
ment, level of education, 1Q, and degree of literacy (9).
This type of information might be useful to clinicians try-
ing to estimate cognitive reserve and find ways of augment-

ing it even in the later years.

To better understand the possible neurological mechanisms
underlying diminished cognitive reserve and increased CF,
studies using the latest neuroimaging techniques need to
be employed. With the advent of more sophisticated brain
imaging techniques such as functional MRI, diffusion ten-
sor imaging (DTI), optical imaging, among others, and in
combination with the use of new, highly sensitive cognitive
tasks during imaging, activity in the functional imaging of
cognitive reserve and compensatory cognitive operations in
healthy younger and older persons has been rapidly grow-
ing (10). Functional neuroimaging is providing many use-
ful insights into the field of cognitive aging in addition to
improving information on localization of particular cogni-
tive operations. Functional neuroimaging of aging subjects
has provided evidence for increased recruitment of the
prefrontal cortex in diverse cognitive tasks. The prefrontal
cortex is probably the area with most plastic capacity in the
brain (11). It has also revealed that functional interactions
between prefrontal cortex and other brain regions such as
the mesial temporal lobe, important in encoding new infor-
mation, are associated with better memory performance in
older adults (12). These changes are likely compensatory in
nature. Reuter- Lorenz et al. (13) have provided data sup-
porting the observation that older adults display regions of
greater prefrontal activity than younger adults when cogni-
tive task demand is low, suggesting that older adults recruit
more neural circuits than younger adults at lower levels of

task demand. As demand increases, younger adults also
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begin to engage additional neural circuitry, whereas older
adults plateau and then begin to decline, probably because
they are no longer able to engage task-related circuitry, that
is, they can no longer compensate for the challenge of the
added cognitive load.

One could consider then, as a more neurologically based
marker of CEF, the inability to exhibit a minimal level of
compensation for a cognitive task that had been previously
established to produce a compensating response in most
healthy older persons. In translating such experimental
findings to the clinic, an office proxy for the imaging evi-
dence could be employed such as the successful completion
of the cognitive task in a specified amount of time. An ap-
proach of this type would have a markedly improved valid-
ity over the more arbitrary selection of a particular CDR
score as a cut off point for CF, and would likely be easier
to administer by primary care practitioners and their assis-
tants than the CDR. Its prognostic value would need to be
determined by subsequent longitudinal studies but it could
have the advantage of providing a longer lead time before
negative health outcomes became imminent.

It is foreseeable that through the future use of state of the
art cognitive testing and imaging techniques, improved un-
derstanding of the neural mediation of vatious aspects of
cognitive reserve can be attained. The imaging approach
to measuring cognitive reserve could be important for un-
derstanding an aged individual’s true clinical status which
would reflect a combination of underlying, age-related
brain changes and that individual’s cognitive reserve in the
context of those changes. Individuals with similar clinical
appearances could differ substantially in their neural meas-
ures of reserve and this could have significant implications
for a timely prognosis and intervention.

Next we should consider if CF can exist independently of
brain disease and if it must co-occur with physical frailty. A
major question in the study of brain aging has concerned
the boundary between age-related change and disease. More
recently the questions of what distinguishes ‘normal’ or
‘usual’ aging from CF and how frailty is different from dis-
ease have arisen. Our ability to answer these questions has
improved as a consequence of the development of better
imaging techniques and cognitive characterizations of pa-
tients, but it is certainly not complete. Many gerontologists
and geriatricians suggest that aging is not just the aggrega-
tion of disease but that other time-related factors and sub-
tle but pervasive accumulation of damage to homeostatic
mechanisms can account for aging changes and that some
brain structures are more vulnerable to them than others.
In making the distinction between age-related brain chang-
es and age-related brain disease, Small and colleagues (14)
have been able to demonstrate, using human and non-hu-
man primate species, that memory decline is different in
aging than in Alzheimer’s disease (AD) and is mediated by
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damage to different hippocampal structures in each con-
dition, e.g., the entorhinal cortex in AD and the dentate
gyrus in normal aging, Their work supports the proposition
that aging per se and AD are distinct but possibly related
processes since sporadic AD appears to be age-dependent
with the risk of it increasing exponentially after age 65 until
about age 95, yet there are very old individuals who do not
develop AD.

Locating CI in relationship to ‘normal’ or ‘usual’ aging cog-
nition and to disease is a more complicated theme and has
been viewed differently by clinicians from different disci-
plines. Employment of new imaging and cognitive testing
techniques should bring forth more evidence for and clarity
to subtle brain dysfunctions. If we assume that a CF pro-
cess can develop intrinsically in the brain, perhaps from a
loss of protective factors still operative in healthy aging, and
as a result of non-disease specific, age-related physiologic
degradation of neural network communications evidenced
by a reduction of cognitive reserve and an inadequate com-
pensatory response to a challenge, we can affirm that in at
least some cases CF can be dissociated from an identifiable
disease processes such as, for example, pre-dementia AD.
As imaging of occult brain disease (e.g. tau and amyloid
imaging in asymptomatic AD) improves and we can clini-
cally confirm the presence of pre-clinical disease with clin-
ically reliable biomarkers (e.g. a342, p-Tau), we will be able
to separate those individuals who ate developing intrinsic
CF as evidenced by challenge test results, from those who
harbor occult disease and may also underperform during a
challenge paradigm. This would have important interven-
tion implications for the healthier individual as the absence
of disease would permit the frail but non-diseased brain to
respond with greater resilience to cognitive and behavioral
stimulation of its inherent plasticity.

CF will be worsened by the presence of brain and systemic
disease, pre-clinical or not, as cognitive reserve and com-
pensatory mechanisms by cognitive circuitry would be ad-
ditionally challenged by disease-specific neurodegenerative,
vascular or metabolic/hormonal processes with a predi-
lection for particular brain circuits and areas beyond those
that are likely to be affected in non-disease aging. Examples
of these are the early damage to the entorhinal cortex and
postetior cingulate in AD, and in systemic hypertension by
the deep white and deep grey matter lesions due to damage
of the thin, deep, penetrating arteries of the posterior and
anterior circulation. Consequently, disease-specific damage
would add to the physiologic degradation of age-vulnerable
areas such as the pre-frontal cortex, a structure likely to be
involved in reduced reserve and compensatory capacity in
basic CE.

Finally, the relationship between the state of CF and disease
needs to be considered. As with much of the preceding
discussion, little is factually known at present about this
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topic and many of the ensuing comments will necessarily
be conjectural, yet eventually testable. It is appealing to hy-
pothesize that cognitive frailty is an intermediary between
“usual aging” and brain disease. For example, the molec-
ular changes in neurons, glial cells and white matter that
characterize the subtle loss of functionality from “usual”
aging to CF are but part of a continuum of change that
as further degradation takes place may permit pathogenic
mechanisms of a particular disease to become more fully
activated and expressed. The additional burden of systemic
disease and physical frailty may actually hasten the process.
This could at least partially explain why the emergence of
sporadic, late onset AD seems to accelerate exponentially
with age as individuals become more frail and ill. If this
wete the case, then it would be important to identify basic
CF in its beginnings and develop interventions to retard or
attenuate it in order to help diminish the risk of acquiring
age-related brain diseases in older age.

Lastly, we should consider the fact that CF may indicate
higher risk for adverse long term health outcomes. Based
on the assumption that frailty is driven by the same basic
age-related processes in all organs and systems in the body,
its presence in the brain is bound to have functional con-
sequences as it develops and these can lead to undesira-
ble health outcomes short of dementia such as diminished
executive ability, limited concentration, reduction in deci-
sion-making capacity, attenuated motivation, and a more
precocious lowered autonomy which can alter the quality
of life of older persons. However, it is important to note
that all organs or systems in the body will not have devel-
oped the same degree of frailty at the same point in the
individual’s history. A number of recent studies have shown
links between cognitive deficits and physical frailty (3, 4).
The pattern emerging from these studies suggests that gait
speed and grip strength are the components of frailty most
strongly associated with cognitive function. Executive dys-
function and impaired attention are the cognitive domains
most consistently linked to frailty. This may be best under-
stood by the strong relationship of gait to the functioning
of prefrontal executive and motor circuits. More subtle
brain dysfunction such as reduction in cognitive compensa-
tion mechanisms under challenge conditions has not been
examined as a predictor of gait speed or strength or longi-
tudinally as a possible indicator of future negative health
outcomes.

In conclusion, CF is a new clinical concept recently put
forth in the Geriatrics literature and appears linked to phys-
ical frailty, a major geriatric syndrome with negative health
outcomes. In contrast to other established clinical entities
describing minor cognitively impaired states, whose main
purpose appears to be to reveal the eatliest clinical stages of
specific dementing illnesses, CF' seems more functionally
oriented intending to identify an aging syndrome that can
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be linked to functional cognitive and physical decline and
possibly to preventable negative health outcomes. As it cur-
rently stands CF is in need of further development as sev-
eral authors have recently noted (15-17). Whereas cognitive
impairment per se appears to have some prognostic value
for worse health outcomes in frail elders (3, 4), CF pres-
ently has no clearly identified supporting brain theory or
demonstrated pathogenic mechanisms that differentiate it
from healthier aging or specific brain disease, at least at the
network or circuit level. It also lacks proven valid, sensitive
and specific methods of detection at the clinical level. Stud-
ies will have to be conducted to confirm that identified CF
actually leads to specific negative cognitive outcomes as de-

scribed here eatlier as well as contributes to the worsening
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Abstract: Frailty is a multidimensional syndrome, involving
functional, nutritional, biological and psychological aspects.
This condition, defined as a decreased resistance to inter-
nal and external stressors, is predictive of adverse health
outcomes, including disability and mortality. Importantly,
the frailty syndrome is usually considered a reversible con-
dition, thus amenable of specific preventive interventions.
Persistent pain in older adults is very common and has mul-
tiple determinants. This symptom represents a determinant
of accelerated aging. In the present paper, we discuss avail-

able evidence examining the association between these two

INTRODUCTION

Improving the burden of disability and the quality of life
of elders is a key challenge in our aging societies. Frailty is
an age-related multidimensional syndrome associated with
poor health outcomes such as institutionalization and mot-
tality (1). For some older adults, frailty represents a pre-dis-
ability phase potentially amenable for targeted intervention
so as to delay the onset or prevent functional decline. Fur-
thermore, frailty is a dynamic and time-related syndrome
(2, 3). Thus, assessing the natural history and the determi-
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conditions. Despite the high prevalence of these two con-
ditions and their shared underlying mechanisms, our search
only retrieved few relevant studies. Most of them reported
a relationship between pain (or analgesics consumption)
and different operational definitions of frailty. Pain may
represent a relevant risk factor as well as a potential target
for interventions against the frailty syndrome, but further
studies are needed.

Key words: Frailty, pain, elderly, preventive medicine, co-

morbidity.

nants of frailty is of major interest for improving its early
detection and structuring a proper management (4). In this
perspective, poor outcomes such as disability (which is of-
ten irreversible at old age) may be delayed or avoided.

Pain is a very common symptom in older persons (2, 5), with
a substantial impact on health status, functional prognosis,
and extra costs for public health administrations (3, 6-8).
Persistent pain may be related to and determine the accel-
eration of the aging process. In other words, it might in-
deed represent the primum movens of the natural history
of frailty. Assuming that pain is a risk factor of frailty, this
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symptom would represent a primary target for interven-
tions aimed at reversing the frailty condition.

In the present review, we provided a brief presentation of
the frailty syndrome, followed by an overview of the the-
oretical relationship between frailty and pain, to end with
future perspectives in the field.

FRAILTY

The frailty syndrome, as a theoretical concept, is well estab-
lished in the literature and universally accepted by research-
ers and clinicians (9). One of the most common definitions
of frailty describes it as a state of enhanced vulnerability
with insufficient homeostatic reserves to efficiently cope
against stressors (10). Most notably, frailty is a multidi-
mensional syndrome that paves the way for adverse health
outcomes, such as mortality and disability (1). The frailty
syndrome may be delineated as a functional and biological
pattern of decline accumulating across various physiologi-

cal systems, because of impaired regulations and repairing

Table 1

Studies exploring the relationship between frailty and pain

mechanisms. Yet, several aspects of the heterogeneous and
complex frailty syndrome are still imperfectly understood,
limiting its implementation in clinical practice. Further, the
importance of the comprehensive geriatric assessment for
describing the risk profile of the individual is well estab-
lished and crucial for preventing the onset of disability
(1, 11-15). In fact, personalized interventions (primarily
aimed at correcting nutritional, physical and/or medical is-
sues) have been indicated as potentially capable of restoring
robustness in frail elders (15). Interestingly, the frailty issue
has gone well beyond the geriatrics boundaries, and several
other medical specialties are today interested on this topic.
Nevertheless, despite its crucial importance, eatly detection
of frailty remains particularly challenging. Several instru-
ments have been designed and validated to translate the
theory of frailty into clinical practice. To date, the Frail-
ty Phenotype (1) and the Frailty Index (13) are probably
the most known and widely used. The Frailty Phenotype
was proposed by Fried and colleagues and validated in
the Cardiovascular Health Study. It consists of 5 criteria

Study B Pain assessment Frailty Setting Main objective
é assessment

Koponen et al. Musculoskeletal pain Frailty phenotype | Community | 605 Analgesic use- Frail subjects used more
(26) severity Frailty analgesics
Shega et al. CS | Pain severity, pain Frailty index Community | 4,694 | Pain severity- No significant
(34) duration Mortality relationship between
frailty and pain
Shega et al. CS | Persistent body pain, Frailty index Community | 4,968 | Persistent pain- | More severe pain in pre-
(27) pain severity Frailty frail and frail subjects
Miguel et al. CS | No direct pain Frailty phenotype | Community |58 Analgesic use- Frail elders use more
(28) assessment; diagnosis Frailty analgesics
of osteoarthritis
Chang et al. CS | History of pain Frailty phenotype Community | 275 Pain-Frailty Pain more frequent in
(29) Edmonton Frail Scale frail subjects
Linetal. (30) |CS |SF-36 Frailty phenotype | Community | 933 Disabilities-Frailty | More disabling
conditions (including
pain) in frail elders
Saxton et al. CS |SF-36 Frailty index Surgical 226 Post-surgery Inverse relationship
(31) patients complications- between pain and
Frailty postsurgical complications
Chenetal. (35) |CS |Analgesic use Frailty phenotype | Community | 2,238 | Analgesic use- Higher use of analgesics
Frailty in frail subjects
Weauver etal. |CS | SF-36, pain duration, Frailty index Community | 744 Pain-Frailty More severe pain in frail
(32) pain severity elders
Blyth etal. (33) |CS | SF-12, pain severity, Frailty phenotype | Community |1,705 | Pain-Frailty More severe pain in frail
analgesic use subjects
Misraetal. 36) | CS | Symptomatic knee SOF scale Community |3,707 | Knee osteoarthritis- | More osteoarthritis
osteoarthritis Frailty symptoms in frail subjects
Wiseetal. (37) |CS | Nodirect pain assessment; | Frailty phenotype | Community | 4,130 | Osteoarthritis- More severe osteoar-
radiographic evaluation of Frailty thritis in frail subjects
osteoarthritis

CS: cross-sectional study; SF-36, SF-12: Health Related Quality of Life Short Form scale (36 or 12 items, respectively); SOF: Study of Osteoporotic

Fracture index.
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measuring the risk-profile of the older subject. Differ-
ently, the Frailty Index proposed by Rockwood and col-
leagues estimates the age-related accumulation of deficits
through the arithmetical evaluation of signs, symptoms,
clinical conditions, and disabilities. These two instru-
ments should not be considered as equivalent but rather
as complementary in the clinical geriatric assessment (9).
From these two main instruments, some additional tools
have been elaborated over the last decade. For example, the
Study of Osteoporotic Fractures (SOF) index (16) has sim-
plified the frailty phenotype, reducing the key criteria from
five to three. Additionally, the Groningen Frailty Indicator
(GFI) (17) is a validated, 15-item questionnaire that with its
multidimensional (i.e. physical, cognitive, social, and psy-
chological) assessment of the older person may resemble
the Frailty Index approach.

Xue and colleagues have highlighted the role of precur-
sor signs of frailty (4). Treating these symptoms is sutely a
promising catalyst for breaking the vicious circle of frailty
and preventing adverse health outcomes like disability. The
evaluation and management of persistent pain have been
given a growing interest among clinicians and researchers
dealing with age-related conditions. However, although pain
may represent a potential cause of frailty, it still remains an
understudied and undertreated symptom, especially at old
age. Instead, it indeed is a key symptom negatively affecting
quality of life and potentially triggering the disabling cas-
cade of frail elders.

PAIN

Chronic pain has been estimated to affect 100 million peo-
ple in the United States (18), and is particularly prevalent in
the older adults. A recent study (8) estimated that over half
of community-dwelling older adults in the United States
(18.7 million) reported bothersome pain in the last month.
Moreover, pain has been reported as one of the most com-
mon symptoms among frail older persons (1, 19), especial-
ly in specific settings like nursing homes where estimated
prevalence may be even higher than 70% (5). The increased
prevalence of age- related degenerative diseases may at least
partially explain such alarming figures. For example, the in-
creased incidence of specific conditions such as diabetes,
herpes zoster and lumbar radiculalgia with aging can be
associated with higher rates of neuropathic pain (due to
both central or peripheral nerve injuries). Unlike nocicep-
tive pain, neuropathic pain may be triggered by non-painful
stimuli (i.e., allodynia). The medical management of these
symptoms is often poor and the quality of life of elders
with neuropathic pain has shown to be significantly im-
paired (20). For these reasons, neuropathic pain often re-
sults in anxiety, mood and sleep disorders (21). Persistent
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pain (regardless of the etiological factors) has a systemic
impact, also with cognitive, cardiovascular or behavioural
consequences (22).

The multidimensional consequences of pain may actually
overlap the consequences of the frailty status triggered by
pain. For example, pain is closely associated with each of
the the five frailty criteria included by Fried and colleagues
in the Frailty Phenotype. Persistent pain may result in inca-
pacitating exhaustion (23) and decreased physical activity
(24, 25). Patel et al. (8) recently showed that pain is asso-
ciated with decreased physical performance (i.e., handgrip
strength and usual gait speed) in a nationally representative
study of older adults in the United States. Furthermore,
pain-induced anorexia and loss of appetite is common in
older persons. Furthermore, cognitive, behavioural and so-
cial limitations caused by the pain symptom should not be
underestimated as frequently acknowledged in the opera-
tionalization of the frailty condition.

FRAILTY AND PAIN: CURRENT EVIDENCE
AND FUTURE PERSPECTIVES

Although the relationship between frailty and pain is sup-
ported by credible shared mechanisms, evidence in the field
is still sparse and scarce. In order to provide an overview of
such still partially explored field (i.e., relationship between
frailty and pain), we conducted a Medline search, using the
keywords “frailty” and “pain” from 1989 to 2014 (last up-
date: 21/10/2014). In Figure 1, the flow chart desctibing
the selection of studies of interest is presented.

One hundred and twenty studies were retrieved. Of these
articles, thirteen were excluded because out of the topic
(e.g., dealing with pain in children, dental health, chronic
kidney disease, general biology, chemotherapy in prostate
and breast cancer). Among the 107 remaining papers, 35
review articles were then excluded. Then, three non-Eng-
lish language papers, one with no available abstract, three
qualitative articles, 55 papers did not take into considera-
tion the frailty status, and one paper that only marginally
explored frailty and joint pain were also excluded. Finally,
9 cross-sectional studies were retained (Table 1) (26-34).
Other three studies were subsequently obtained after
searching through the references of the selected articles
(35-37).
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Figure 1

Flow chart describing the selection process of the articles of interest.

Medline search using keywords “frailty” and
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frailty and joint pain

A 4

9 cross-sectional studies
+3 after searching through references
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Five cross-sectional studies specifically examined the rela-
tionship between frailty and pain. Blyth et al. in the Concord
Health and Ageing in Men Project (CHAMP) study (33)
investigated the association between intrusive pain and
frailty in 1,705 community-dwelling Australian older men
(mean age 77 years). Prailty was defined according to the
Frailty Phenotype criteria. Intrusive pain was assessed using
one item from the SF-12 quality of life questionnaire (38).
Frailty status was significantly and incrementally associated
with reporting intrusive pain, with unadjusted odds ratios
(OR) for pain of 3.9 (95% Confidence Interval [95%CI|
2.7-5.6; p<0.0001) in frail men, compared to robust men.
The results were consistent even after adjusting for multiple
potential confounders including depression.

Shega et al. (27) explored the association between pain and
frailty in the Canadian Study of Health and Aging, Frailty
was defined according to a modified version of the Frail-
ty Index (33 self-reported items). Pain was evaluated us-
ing five questions. Among 4,968 participants (mean age 80
years) self-reported “moderate or severe” pain was signifi-
cantly associated with a higher frailty score than “no or very
mild” pain.

Chang et al. (29) reported a cross-sectional association be-
tween frailty and history pain in a sample of 275 communi-
ty- dwelling residents in Taiwan (65 years and older). Frail
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elders were found to more likely present history of pain
than robust elders (p=0.03 using the Frailty Phenotype and
p=0.006 according to the Edmonton Frail Scale) (39).

In 933 Taiwanese community-dwelling elders, Lin et al. (30)
found very similar results. The prevalence of pain assessed
with the Health Related Quality of Life short form-36
questionnaire  (http://www.sf-36.0rg/demos/SF-36.html)
was 47.7%, 56.6%, and 70.8% in robust, pre-frail, and frail
elders, respectively (p<<0.001).

Among Mexican Americans aged 65 years and older, Weav-
er et al. (32). studied the relationship between self- reported
pain interference and severity with the Frailty Index. Again,
frailty was associated with both pain interference (p<<0.01)
and severity (p<0.001).

Two other cross-sectional studies that examined the cross-
sectional association between frailty and analgesic intake
were also retained from our search (26, 35). Both indirectly
suggested a relationship between frailty and pain, consider-
ing that frail elders tend to present a higher consumption
of analgesic medications. Koponen et al. (26) reported a
higher prevalence of analgesic drugs prescription in frail in-
dividuals (OR 2.96; 95%CI 1.38-6.36, p<0.001), among 605
community-dwelling elderly subjects (aged 75 years and old-
er). It is noteworthy that in this population, musculoskeletal
pain was found to be the most common complaint in frail
people and acetaminophen the most prescribed drug. Chen
et al. (35) reported a statistically significant higher preva-
lence of pain in frail (87.9%) vs. prefrail (65.2%) or robust
(40.7%) community dwelling subjects (n=1,085). They also
highlighted greater analgesics consumption in frail elders,
distinguishing analgesics for osteoarthritis from other pain
drugs (p<0.001 for both).

Miguel et al. (28) conducted a cross sectional study of 58 el-
derly subjects with osteoarthritis. Higher drug consumption
was found in frail elders (compared with robust subjects),
but no information was available regarding the used anal-
gesics. However, pain and stiffness were not significantly
overrepresented in frail or prefrail elders.

Saxton and Velanovitch (31) investigated the role of pre-
operative frailty (assessed with the Frailty Index) on post-
operative complications after general surgery interventions,
in 226 older adults. Frailty was associated with a higher risk
of complications (OR 1.48, 95%CI 1.10-1.99; p=0.02). No
difference in body pain was reported in frail patients ac-

cording to the onset of postoperative complications.

CONCLUSIONS

To date, only twelve cross-sectional studies have more or
less directly examined the relationship between frailty and
pain. Overall, the results of our search support the existence
of a cross-sectional relationship between these two condi-
tions. Growing evidence has highlighted the importance of
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eatly detection of frailty with appropriate screening tools
in many clinical specialties. On the other hand, persistent
pain, especially in older adults, has to be considered as a
multidimensional condition with systemic consequences.
Pain and frailty might share common mechanisms and ap-
pear to be associated in various populations of elders.

The importance of pain assessment in elders is still under-
appreciated. We do not know whether a better management
of persistent pain in elders might impact the course of frail-
ty syndrome. It is also unclear whether the improvement
of frailty may also provide positive effects on pain. Further
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Abstract: Expanding the concept of frailty to the clini-
cal settings has raised the concern about the accuracy of
the current definitions for identifying frail individuals (not
populations). The usual tools to assess frailty show, among
other characteristics, a low sensitivity and a low Positive
Predictive Value. One approach to overcome this challenge
is using biological biomarkers to improve those characteris-
tics, making feasible and accurate the assessment of frailty
in clinical settings. Many biomarkers of frailty have been
identified but few of them have been assessed as clinical

he traditional way of assessing frailty has been

based until now in using several instruments that

measure performance- based tasks jointly to the
assessment of indicators of nutrition and physical activity.
This approach has been rather successful in the epidemio-
logical settings, allowing the demonstration of frailty as an
important population-based risk factor for several adverse
outcomes. But it looks insufficient in clinical settings, where
the individual risk is the matter and where the characteristics
of the instruments as diagnostic tools must be refined (1).
From a clinical point of view, to detect frailty is of out-
standing importance in preventing disability. When the
frailty threshold has been surpassed and the disability has
emerged, recovery from disability is unlikely (2), especially
as the age of the patient, the degree of disability or its dura-
tion increase (3). Although the usual spontaneous evolution
is to progress from non-frail to frail and disabled, a signifi-
cant percentage of people improves in terms of functional
status (4), with no clearly identified predictive factors of
this evolution. However, some results from the Women’s
Health and Aging Study II (WHAS 1II) suggest that some
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markers with controversial results. Taking into account
that frailty is caused by the failure in different systems, it
is worthy to check if the combination of several of these
biomarkers could be of help. In this effort, the EU-funded
project FRAILOMIC is trying to assess the ability of dif-
ferent sets of biomarkers for improving the accuracy of
classical definitions in determining the risk, the diagnosis
and the prognosis of frailty.

Key words: Frailty, aging, elderly, screening, assessment.

ill-defined characteristics could predict a differential risk (5).
But to make accurate diagnosis of frailty is not only an issue
of interest for risk prediction purposes, targeting those pa-
tients who will benefit from a specific approach compared
to others who are not going to benefit from it, becoming
frailty one of the cornerstones of decision-making in el-
derly patients. To know which patients will respond to the
different treatments now available, mainly exercise and nu-
trition (6-8), is also of interest. Mainly when it looks that
we are now in the border of an era where multimodal and
pharmacological interventions targeting frailty will be avail-
able (9, 10).

Although it is well known that the evolution from frailty to
disability and its clinical consequences depends on several
factors, including genetic and other biological factors, their
utility as biological biomarkers (BMs) of frailty and of the
risk to become frail, to develop disability and to respond
to treatment, remains far from desirable for the day to day
clinical practice. In fact, there are no studies addressing

these issues.
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BIOLOGICAL BIOMARKERS OF FRAILTY

The most accepted physiological framework to explain
frailty and its consequences was proposed by Walston and
Fried (1999). Its fundamentals are sarcopenia and the ener-
getic misbalance. They also established a feed-back between
them: the so-called “frailty cycle”. This cycle stems from
the physiological changes associated with ageing, producing
an imbalance between anabolism and catabolism. This state
embraces multiple systems and especially those related to
hormonal changes and the development of a pro-inflam-
matory state: the changes in sexual hormones (low tes-
tosterone in males but also high estradiol in women), the
dysfunction of GH-IGF-1 axis, the increase in the ratio
cortisol/DHEA-s, the combination of several hormonal
deficits, and the increase in IL-6, IL.-1 and TNF alpha circu-
lating levels (Penninx et al., 2004), CRP and D-Dimer (Wal-
ston et al., 2002) and pro- inflammatory cytokines (Leng et
al., 2002). These findings suggest that changes associated
with sarcopenia and with the balance between production
and use of energy may be among the most relevant factors
associated with frailty: dysregulation of inflammatory cy-
tokines and hormones, oxidative stress, nutrition, physical
inactivity and mithochondrial dysfunction. In addition, the
role of vascular disease (atherosclerosis) has been under-
scored by several authors (Strandberg & Pitkila, 2007). The
presence of clinical cardiovascular disease, but also subclin-
ical cardiovascular disease has been shown to be associated
to frailty. The possibility of detecting early biomarkers of
vascular (endothelial) dysfunction rises as an important clue
to the detection of early stages of frailty as to an improved
diagnoses and/or prognostic capacity.

In addition to these classical BMs, more recently other BMs
have come to the field of frailty. As an example, the role
for Hypoxia Inducible Factors proteins-HIF (and mainly o
subunits of HIF) and their signaling pathway has emerged
as a main control of key pathways that are essential for cell
physiology, in a variety of processes related with human
ageing, The relevance of HIFa resides in the pivotal role
played by their target genes in several of the above men-
tioned physiological systems involved in frailty: the cell me-
tabolism and energy balance (e.g.,, NOS2, PHD3, GLUT1,
GLUT4, GAPDH, PGKI1, trasferrin, etc.), angiogenesis
and cell proliferation (e.g., VEGF, TGFa, TGFB3, IGF2,
OCT3/4), the length of the telomere (WTERT), etc. At
the same time HIF-1at has been identified as an important
modifier of longevity in animal models (11). In addition
other potential BMs have also raised as it is the case of
a common signature of miRNA expression in 7 different
human aging model systems (12) or the telomere length.
Within this complex framework, the “omic sciences” rep-
resent a significant aid to the study of potential BMs by

allowing a comprehensive approach from the genome to
the metabolome (Fig. 1).

Figure 1
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In summary, early detection of subclinical changes or defi-
cits at the molecular, cellular, and or physiologic level is key
to preventing or delaying the development of frailty, and
its consequences too. However, data evaluating the role of
these substances in providing significant support to the
clinical diagnosis of frailty or any of its associated risks are

scarce.

THE FRAILOMIC INITIATIVE

It is noteworthy that one of the main characteristics of
frailty is that its pathophysiological routes embrace sever-
al physiological systems (13). However, until now the ap-
proach to the study of the relationships between BMs and
frailty has been done one by one, ignoring the multiplic-
ity of relationships that probably account for the role of
BMs in determining frailty. In addition, the usual tools to
diagnose frailty used in the epidemiological studies show
some characteristics (including a low sensitivity and a low
positive predictive value) (14) that do not allow to use them
for clinical purposes. These are some of the gaps that the
recently launched Frailomic Initiative will try to fill (15).
The principal aim of the Frailomic Initiative is to develop
validated sets of measures comprising both classical and
omics-based laboratory biomarkers (Table 1) to predict the
risk of frailty, improve the diagnostic accuracy of frailty
in day-to-day clinical practice, and assess the benefits of a
prognostic forecast of frailty on the onset of disability and
other adverse outcomes. In order to identify predictive bi-
omarkers, the European Union-funded Frailomic Initiative
follows an “omics” approach (genomics, transcriptomics,
proteomics and metabolomics), using existing large data-

sets from previous “omics” initiatives. These studies have
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created a wealth of data that, so far, have not been used
in the field of frailty research until now. In addition, the
participation of well-established cohorts aimed to the study
of the processes of aging, frailty and disability will allow a
tight assessment, due to the excellent phenotyping of the
functional characteristics of those populations.

The approach taken by the Frailomic Initiative will allow
clinicians to go beyond the traditional disease-based ap-
proach to healthcare strategy and toward a strategy based
on comprehensive quality-of-life, since the impact will be
on reducing disability. Secondary objectives of the Frailo-
mic Initiative include assessing interactions among putative
biomarkers, nutrition, exercise and their effects on the nat-
ural history of frailty. In addition, the potential therapeutic
usefulness of identifying frailty status in special older pop-
ulations such as those with metabolic syndrome, diabetes

Table 1

Non-classical Biomarkers of frailty assessed in the Frailomic Initiative

and cardiovascular disease will be examined. The Frailomic
Initiative aims to provide useful tool kits for care providers
that will allow them to assess the risk of an older individu-
al for developing frailty (i.e., “risk biomarkers”) as well its
identification (i.e., “diagnostic biomarkers”), clinical course
(i.e., “prognostic biomarkers”), and likely response to treat-
ment (i.e., “predictive biomarkers”) thus bridging the gaps
between epidemiology and clinical practice.
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Biological process Rationale for selection Method of analysis

Metabolism / Muscle function

ACE Association of genotype with muscle mass, response to muscle | Openarray (SNP)
power training and longevity
ACTN3 Association of genotype with response to muscle power Openarray (SNP)
training, muscle mass and risk of falling in older females
CNTF Association of genotype and grip strength in older Caucasian Openarray (SNP)
women
GDF8 Association of genotype with muscle mass in elerly women Openarray (SNP)
IL6 Implicated in muscle repair after exercise. Association between | Openarray (SNP and mRNA)
genotype and human longevity
mtDNA Association between genotype and longevity in different Openarray (SNP)
populations
VDR Association of genotype with muscle strength and rate of falling | Openarray (SNP)
in the elderly
Metabolism/ Insulin/IGF1 Reducing the activity of this pathway protects from ageing-
signaling pathway associated pathologies and extends life-span in animal model
systems
AKT1 Association of genotype with human longevity Openarray (SNP and mRNA)
FOXOs Association of genotype with human longevity Openarray (SNP and mRNA)
mTOR Openarray (SNP and mRNA)
Metabolism /Stress response
HIF Modulation of life-span in C. elegans Openarray (mRNA); ELISA
PGCial Association of genotype with diabetes, with age of onset of Openarray (SNPs)
neurodegenerative diseases and with longevity
SIRT1 Over-expression delays ageing phenotypes and extends Openarray (SNP and mRNA)
life-span in model organisms; genotype associated with lipid
profiles in humans
SOD2 Reduced expression associated with ageing phenotypes; Openarray (SNP and mRNA)
genotype associated with survival in very old women
Response to stress
TPs3 Increased expression is associated with ageing phenotypes in Openarray (mRNA)
mice
SESN2 Inactivation in Drosophila results in an ageing phenotype Openarray (mRNA)
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Biological process Rationale for selection Method of analysis

Cardiovascular homeostasis

AGT Association of genotype with hypertension Openarray (SNP)
NOS3 Association of genotype with disability in the elderly Openarray (SNP)
Inflammation
AGEs Increased in ageing, diabetes and cardiovascular diseases; ELISA
increased levels associated with reduced grip strength
sRAGE Decreased in diabetes; inverse association with atherosclerosis | ELISA
CCLn Increased with ageing; elevated levels associated with decreased | ELISA
cognitive function and lower grip strength
LGALS3 Association of genotype with cognitive function at old age Openarray (SNP)
JAG Secreted by senescent endothelial cells ELISA
VCAN Secreted by senescent endothelial cells ELISA
Regulation of cell proliferation
IGFBP6 Secreted by senescent endothelial cells ELISA
Telomere Association of telomere length with age-associated diseases HT-QFISH
and life-span
Regulation of gene expression
miR-24, Longevity-associated miRNAs miRNome profiling
miR- 130,
miR-94
miR-17, Ageing and senescence associated miRNAs miRNome profiling
miR- 19b,
miR-20a,
miR-106a
mir-31miR- Osteoporosis related circulating miRNAs miRNome profiling
10a-5p,
miR-10b-5p,
miR-22-3p,
miR-133b,
miR-328-3p,
let-7g-5p
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Abstract: Prailty has been linked to longer hospital stays
and increased mortality in hospitalized patients. Frailty was
found at the most common condition leading to death,
followed by organ failure, cancer, other causes, advanced
dementia, and sudden death. Yet despite evidence linking
frailty to poor outcomes, frailty is not implemented clinical-
ly in most countries. Since many people are not identified
as frail, they frequently are treated inappropriately in health
care settings. Participants in the international conference
on frailty emphasized the importance of raising awareness
about frailty among geriatricians, general practitioners, and
other primary care providers in order to implement frailty
in clinical practice. The following recommendations were
agreed upon: 1. Prioritize the identification of frail older

INTRODUCTION

According to the United Nations, by 2050 there will be 2
billion people worldwide over the age of 60, more than
three times as many as in 2000 (1). While this reflects
improvements in the health of people worldwide and in-
creased longevity, it also presents challenges for individuals,
families, and societies as the numbers of people with frailty,
chronic diseases and disabilities also increases (2).

Frailty has been conceptualized as a physiological syndrome
reflecting decreased reserve and resilience, which may lead
to progressive functional decline, vulnerability to stressors,
and an elevated risk of adverse outcomes, including death.

It is a major cause of dependency, yet research suggests that
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persons in community settings, hospitals, and specialty clin-
ics in order to ensure that people with frailty are treated
appropriately and have access to interventional studies;
2. Build frailty clinics as a means of providing optimal man-
agement of frail elders; 3. Develop intervention programs
incorporating physical and cognitive exercise, social sup-
port, and nutrition for people in the eatliest stages of frailty
in order to slow or reverse frailty; 4. Build stronger basic
and clinical research programs in order to better under-
stand the undetlying causes of frailty, identify therapeutic

targets, and develop new treatment strategies.

Key words: Frailty, prevention, primary care, public health,
disability.

it may be possible to prevent disability and dependency by
targeting frail and pre-frail older adults with simple screen-
ing tools and effective and sustained interventions (3).

Frailty has been recognized as an important condition by the
Institute of Medicine IOM) (4) and the European Union
(EU), although a consensus conference held in 2011 con-
cluded that while frailty has a clear conceptual framework
and is useful in clinical settings, there is no single operation-
al definition of frailty that can satisfy all experts and more
research is needed (5). Thus, another consensus conference
was convened in October, 2012, in Otlando Florida. At this
conference, frailty experts met to develop a consensus state-
ment along with delegates from the International Associ-
ation of Geriatrics and Gerontology IAGG), the Ameri-
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can Medical Directors Association (AMDA), the American
Federation of Aging Research (AFAR), European Union
Geriatric Medicine Society (EUGMS), International Acade-
my of Nutrition and Aging IANA), Society on Sarcopenia,
Cachexia, and Wasting Disorders (SSCWD), the EU, and the
Gateway Geriatric Education Center (GEC) (6).

Strong evidence supports the definition of frailty as a syn-
drome with a distinct etiology and consisting of a constel-
lation of signs and symptoms that increase vulnerability to
stressors and that, taken together, are better at predicting
an adverse outcome than any individual characteristic. Fried
and colleagues have proposed that the signs and symptoms
of frailty result from dysregulated energetics involving mul-
tiple molecular and physiological pathways, which lead to
sarcopenia, inflammation, decreased heart rate variability,
altered clotting processes, altered insulin resistance, anemia,
altered hormone levels, and micronutrient deficiencies (7).
These physiological impairments result in the five clinical
characteristics of frailty: weakness, low energy, slow walk-
ing speed, low physical activity, and weight loss (8). The
presence of any three of these phenotypes indicates that
a person is “frail”’; one or two phenotypes indicates “pre-
frail”; and none of these characteristics indicates the per-
son is “robust”. Fried and colleagues went on to validate
this concept in two large datasets from the Cardiovascular
Health Study (CHS) (8) and the Women’s Health and Ag-
ing Studies (WHAS) (9). In both data sets, among women
between the ages of 70 and 79, the prevalence of frailty
was approximately 11% and the presence of frailty was as-
sociated with an increased risk of mortality as well as with
a dose-dependent (based on the number of frailty criteria)
increased risk of developing dependence in activities of
daily living (10).

While the Fried and colleagues’ quantifies frailty using five
measures, Rockwood and colleagues have developed a frail-
ty index (FI) based on the Comprehensive Geriatric Assess-
ment (CGA), which counts up to 70 items. The FI-CGA
thus characterizes frailty across multiple dimensions by in-
cluding measures of mood, cognition, and social vulnera-
bility (11). In a study of community-dwelling older adults
in Canada, the FI- CGA estimated a frailty prevalence of
22.7%, with higher scores predicting an increased risk of
death (12).

FROM FRAILTY TO DISABILITY

Frailty develops progressively, with the early phase likely
most responsive to intervention and the later, non-reversi-
ble stages most costly. In a study of 754 community-dwell-
ing, non- disabled older adults, Gill and colleagues showed
that frailty is a dynamic process with frequent transitions.
While the overall trend was towards worsening of frailty
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status, and the likelihood of transitioning from being frail
to non-frail was very low, about 10% of prefrail subjects
transitioned to non-frail during each 18 month follow-up
period (13). Prailty is not synonymous with disability, al-
though frailty is a strong predictor of disability. Both condi-
tions are characterized by functional impairment, however,
many disabled people are not frail and the underlying bi-
ology of frailty distinguishes it from disability (14). Nor is
frailty synonymous with sarcopenia, although sarcopenia is
clearly a major contributing factor to frailty (15).

Frailty has been linked to longer hospital stays and in-
creased mortality in hospitalized patients (16). Moreover, in
their study of disability trajectories of community-dwelling
older persons during the last year of life, Gill and colleagues
found that frailty was the most common condition leading
to death, followed by organ failure, cancer, other causes,
advanced dementia, and sudden death (17). Yet despite ev-
idence linking frailty to poor outcomes, frailty is not imple-
mented clinically in most countries. Since many people are
not identified as frail, they frequently are treated inappro-
priately in health care settings. For example, regardless of
age, a frail person may be unable to withstand aggressive

medical treatment that could benefit a non-frail person.

IMPLEMENTING FRAILTY INTO CLINICAL PRACTICE

The identification of frailty in its early stages, i.c., the “pre-
frail” stage, is important because of the potential to address
treatable conditions such as fatigue and weakness, and slow
or reverse functional decline. Intervention studies have also
demonstrated the potential for improving frailty status,
particularly with exercise-based interventions (18). Nutri-
tional supplementation to address weight loss and muscle
dysfunction (19-21), and drugs for conditions such as sar-
copenia (22, 23), may also represent feasible approaches to
treating the underlying conditions of frailty. Multidomain

interventions are also under investigation (24).

Polypharmacy is also thought to be a major risk factor for
frailty (25). Thus, identifying frailty in an older person may
motivate physicians to reevaluate the drugs they are pre-
scribing, Another possible risk factor is vitamin D deficien-
cy (20), although the evidence is contradictory.

In order for frailty to be incorporated into the routine prac-
tice of primary care physicians, a simple screening test is
needed. Several different methods of screening for frailty
have been developed and validated. The Fried criteria were
operationalized into a screening algorithm for use in the
Cardiovascular Healthy Study (CHS). The FI-CGA was
validated in the Canadian Study of Health and Aging (27).
Other frailty measures have also been proposed, including
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the Study of Osteoporotic Fractures (SOF) Index (28). All
of these measures count deficits, and all of them quantify
the degree of frailty and thus, the degree of vulnerability
to adverse outcomes. Moreover, all of them reflect an ag-
ing-associated failure of physiological systems.

The IANA FRAIL scale, based on both the Fried (CHS)
and Rockwood (FI-CGA) scales, is a six-question self-re-
port measure that takes less than 30 seconds to administer
and has been shown to predict mortality and disability in
older Australians (29) and correlates IADLs and strength
and mobility outcomes in middle-aged African-Americans
(29, 30).

Informant interviews, for example, the Canadian Study of
Health and Aging (CSHA) Clinical Frailty Scale, can also be
used as a rapid and reliable screen for frailty. This scale asks
the physician to assign a score ranging from 1 (very fit) to 7
(severely frail) based on clinical impression of co-morbid-
ity, cognitive impairment, and disability. It has been shown
to correlate with the CGA-FI (31).

Another frailty screening tool that relies on the clinical
opinion of the general practitioner has been developed in
France. In response to the French government’s policy for
preventing disability in older persons, a day hospital was es-
tablished in 2011 at the Gérontopdle of Toulouse (i.c., the
geriatric center of Toulouse) for the evaluation of frailty and
prevention of disability (32). Geriatric patients are referred
to the center by general practitioners who detect signs of
symptoms of frailty and are screened using a simple, quick
frailty questionnaire as well as an assessment of gait speed.
The Gérontopole Frailty Screening Tool asks six questions
regarding living alone, weight loss, fatigue, mobility, mem-
ory, and slow gait speed. If the physician identifies one of
these areas as an area of concern, he/she is asked, “In your
own clinical opinion, do you feel that your patient is frail
and at an increased risk for further disabilities?” It is this last
question that is used to identify patients who are frail.

The goal of the Gérontopdle Center is to identify frailty in
the eatly stages through a multidisciplinary evaluation, at-
tempt to identify the cause or causes (i.c., underlying diseas-
es or risk factors), and implement multidisciplinary intet-
ventions adapted to each patient’s individual needs. These
interventions may include nutrition, physical exetcise and/
or physical therapy, social support, and education. Patients
are followed up principally by their general practitioner as
well as through phone contact and a structured interview
with a nurse from the center to assess the efficacy of the

interventional plan.
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PSYCHOSOCIAL AND COGNITIVE
CONTRIBUTIONS TO FRAILTY

Research from the CSHA has also shown that social vulner-
ability, distinct but related to frailty, is also associated with
higher mortality in the elderly, and that social factors such
socio-economic status, social support, and social engage-
ment can be quantified using a social vulnerability index (11).
Using this tool, they found that even among healthy and
fit elders, social vulnerability was associated with a 22% in-
creased risk of mortality (33). Other frailty models incorpo-
rate psychosocial and cognitive components to varying de-
grees (34), acknowledging that these factors play important
roles in the development of frailty.

RECOMMENDATIONS

Participants in the Consensus Conference used a modified
Delphi process to reach consensus on major points related
to frailty (6). In addition, through their discussions, pat-
ticipants emphasized the importance of raising awareness
about frailty among geriatricians, general practitioners, and
other primary care providers in order to implement frailty
in clinical practice. The following recommendations were
agreed upon:

e Prioritize the identification of frail older persons in
community settings, hospitals, and specialty clinics in
order to ensure that people with frailty are treated ap-
propriately and have access to interventional studies.

* Build frailty clinics such as the one built at the Géron-
topole of Toulouse as a means of providing optimal
management of frail elders.

* Develop intervention programs incorporating physical
and cognitive exercise, social support, and nutrition for
people in the earliest stages of frailty in order to slow
or reverse frailty.

* Build stronger basic and clinical research programs in
order to better understand the underlying causes of
frailty, identify therapeutic targets, and develop new

treatment strategies.

APPENDIX

The Orlando frailty conference group include six major
International (International Association of Gerontology
and Geriatrics, Society of Sarcopenia, Cachexia and Was-
ting Diseases, and the International Association of Nu-
trition and Aging), European (European Union Geriatric
Medical Society) and United States of America societies
(American Medical Directors Association and American
Federation of Aging Research) were asked to provide de-

legates to attend the consensus meeting,
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hile frailty is a common syndrome in older

persons that is associated with very significant

morbidity and mortality, the often subtle and
varied clinical manifestations have fostered disagreement
regarding its definition, causes, and natural history. Recent-
ly consensus has begun to emerge on the acceptance of the
following definition for physical frailty “a medical syndrome
with multiple causes and contributors that is characterized
by diminished strength, endurance, and reduced physiolog-
ic function that increases an individual’s vulnerability for
developing increased dependency and/or death” (1). Based
on this emerging consensus and the development of several
rapid, validated screening tests, our understanding of the
epidemiology of this syndrome is rapidly advancing.

There is now widespread recognition that frailty should be
distinguished from disability, and that it exerts its major

Figure 1
Continuum of resilience/frailty in older adults

clinical relevance as a risk factor for the development or
aggravation of disability and dependence and risk for mor-
tality and vulnerability to stressors (2). Frailty has several
distinct stages in its clinical evolution (Figure 1) with differ-
ent potential for prevention on and treatment at different
stages (3). Substantial progress is being made in describing
the epidemiology and etiology, and at least four treatment
approaches have been identified as very promising, includ-
ing exercise, protein-calorie supplementation, vitamin D

administration and reduction of polypharmacy.

In the context of this rapidly growing interest in frailty, we
identify several valuable strategies for inclusion of special
attention to the syndrome in the clinical care of older per-
sons as well as a number of specific clinical research oppor-
tunities (Table 1).

RESILIENT < » FRAIL
Subclinical Early Late Endstage
ROLUSUE frailty frailty frailty frailty
Resilient; Appearsresilient,  Clinical Clinical Clinical
Recovers but recovers appearance of appearance of appearance of
readily from slowly or being frail being frail severe frailty;
stressors incompletely from low LDL
stressors and may Poortolerance of  Poor tolerance  cholesterol;
manifest adverse stressors; no of stressors, strength;
consequences disability very slow weight loss
recovery
Outcomes:
Outcomes: dependent,
disabilitydueto high risk of
decreased death within
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Table 1 — recognition of the late stage of frailty which is not res-
Clinical research opportunities in frailty ponsive to treatment, and is a pre-death phase during

Record frailty status of all clinical research subjects which the patients should be eligible for hospice.

Identify patient selection criteria for treatments — the impact of frailty on the metabolism, distribution, ef-

Determine dose-response for effective treatments fectiveness and toxicity of medications.

Elucidate natural history of frailty — the impact of frailty on recovery from stress, such as hip

Evaluate impact of frailty on drug effects fracture, major surgery and the like. Such research will

Determine recovery time after stress in frail patients inform many guidelines as to how soon and how intense

Study value of volunteering in frail elders rehabilitation efforts should be, and timing and duration,

as it may take frail individuals much longer to recover

from the acute effects of the stress and be prepared to
CLINICAL PRACTICE benefit from the rehabilitation therapy.
— design of hospital and other treatment settings to opti-

Recognition of the importance and prevalence of frailty, mize recovery from illness for those who are frail.

and its various stages, is crucial to the effective management

of geriatric patients. Just as geriatric care routinely includes Regarding the identification of new effective treatments,

screening for cognitive impairment, screening for fraily ~W¢ believe a strong case can be made for the potential val-

should be incorporated into patients’ regular evaluations. ¢ of social engagement, such as through volunteering,

This screening, using standardized measures, can be accom- ~ Ift Preventing or mitigating frailty (4, 5). Volunteering has

plished quickly and a low cost by nurses or other health clear beneficial health effects, including delaying the on-

care providers and need not be conducted by physicians. ~ S¢t of some physical impairments, and seems to especially

It is Important to identify and target both pre-frail and be effective in enhancing health status in individuals with

to identify the frail, especially those who do not yet show low socio-economic status or fair health status, who are at

disability/dependence, since frailty can be often be seen as enhanced risk of frailty. Given its prevalence and clinical

a milestone on the pathway to disability. importance, frailty is a public health issue; broad-based vol-

unteer programs can be seen as a public health interven-

In addition to screening, the presence or absence of frail- 10N Such studies, in addition to a focus on physical frailty,

ty, and its severity should be noted as a major diagnosis should also include so called “psychological frailty” which

as a routine component of the patient’s medical record, often includes isolation and an enhanced realistic, possible

with specific indication of the treatment that has been S€0S€ of vulnerability. We hypothesize that dimension of

employed. This ‘red flag’ can be especially helpful in pro- the volunteer experience, may be if well organized to en-

spectively identifying patients who may be at special risk of hance social connectedness, particularly effective in miti-

complication or prolongation of hospital stay after surgery 83008 these symptoms. Advancement of research into the

or acute illness. role of volunteering will be greatly facilitated by inclusion

of formal screening for frailty in all ongoing private and

CLINICAL RESEARCH government-sponsored volunteer programs.

In clinical studies involving elderly, including interventions We are enteting an era of great promise in our understand-

of specific treatments or new models of care or observa- 108 of frailty. Scrupulous attention to the special needs and

tional studies that follow patients over time, individuals tisks patients will improve the quality and cost-effectiveness

should be routinely characterized as to their frailty status, of care. And there is a growing sense that as research in the

again using a validated scale, as this may be an important ~ A1€2 accelerates, interventions that prevent the initiation or

progression of the frailty pathway may soon be within our
grasp.

determinant of their response to the various interventions.

Regarding rescarch that specifically targets frailty, we need .0 L0 - published in the Journal of Frailty and Aging

studies of: Volume 2, Number 3, 2013

— the best patient selection and ‘dose’ of currently recom- hitp:/ fuww.[failtyaging.com/
mended treatments (exercise, nutritional supplementa-
tion, Vitamin D) and optimal treatment combinations-
and how to titrate to clinical status and stage of frailty.

— the natural history, with a focus on identification of fac-

tors that may initiate the pathway to frailty.
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ABSTRACT

Obijective: To evaluate the prevalence and associated func-
tional needs for frailty among otherwise healthy communi-
ty-dwelling middle-aged and elderly people in Taiwan. De-
sign: a cross-sectional study. Setting: communities in I-Lan
County of Taiwan. Participants: 1839 otherwise healthy
community-dwelling people aged 50 years and older. In-
tervention: None Measurements: Frailty defined by Fried’s
criteria, Charlson’s comorbidity index (CCI), Functional
Autonomy Measurement System (SMAF), Center for Epi-
demiologic Studies Depression Scale (CES-D), Mini-Nutri-
tion Assessment (MNA), Mini-Mental State Examination
(MMSE), and Short Form-12 quality of life questionnaire.
Results: Overall, 1839 subjects (mean age: 63.9%9.3 years,
47.5% males) participated in this study and men were
more likely to have more education year, smoking and al-
cohol drinking habit. The prevalence of frailty was 6.8%,
pre-frailty was 40.5% and 53.7% of all subjects were ro-

INTRODUCTION

Frailty, a well-known geriatric syndrome, is featured by the
vulnerable state of older people with reduced physiological

reserve and increased susceptibility to adverse health out-
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bust. Compared to subjects with different frailty status, age,
education year, alcohol drinking habit, hypertension, diabe-
tes mellitus, hyperlipidemia, CCI, walking speed, handgtrip
strength, score of SMAF, CES-D, MNA, MMSE, quality
of life were significantly different between groups (P all
< 0.05). Older age, poorer physical function, poorer cog-
nitive function, poorer nutritional status, more depressive
symptoms, higher CCI and poorer quality of life were all
independent associative factors for frailty. Conclusions:
Frailty was not merely a geriatric syndrome, but the com-
bination of multiple geriatric syndromes. Further study is
needed to evaluate the clinical benefits of integrated health
promotion activities in the communities to reverse frailty

and associated functional care needs.

Key words: Frailty, Geriatric Syndrome, Comprehensive
Geriatric Assessment.

comes]. Various adverse health outcomes have been report-
ed to be associated with frailty, such as falls, disability, hos-
pitalizations, reduced health-related quality of life, nursing
home admissions and mortality (1,2). In Taiwan, the prev-

alence of frailty differed from study to study according to
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the different healthcare settings (3,4), but it was not greatly
different from the literature. More importantly, frailty usu-
ally was not present as an independent condition, and it fre-
quently interacted with multimorbidity and disabilities (4).
A great body of evidences disclosed that the presence of
frailty may complicate the management for individual clin-
ical conditions (5-8). Therefore, managing elderly patients
with frailty usually needed a comprehensive approach in
clinical practice. Nevertheless, frailty-related functional im-
pairments of otherwise healthy people with frailty were less

commonly reported.

I-Lan Longitudinal Aging Study (ILAS) recruited otherwise
healthy community-dwelling middle-aged and elderly pop-
ulation for study. ILAS excluded subjects with communica-
tion difficulty, dementia, nursing home residents, subjects
with limited life expectancy, as well as physical disability (9).
Despite the relatively better health conditions of ILAS
participants, results of ILAS have shown associations of
frailty with cardiometabolic risk (10), cognitive decline (11),
falls, fractures, low bone mineral density and sarcopenia, as
well as hospitalizations (12). These associations were not
different from that of the literature, which confirmed the
similar health characteristics of frailty defined in ILAS to
other studies. The main aim of this study was to explore the
associated functional care needs for frailty among otherwise
healthy community-dwelling middle-aged and eldetly peo-
ple to for the further comprehensive intervention programs

to promote overall health in the communities.

MATERIALS AND METHODS

Study subjects

The I-Lan Longitudinal Aging Study (ILAS) is a commu-
nity-based aging cohort study in I-Lan County of Taiwan,
which randomly selected community-dwelling people aged
50 years and older to evaluate the complex interrelationship
between aging, frailty, sarcopenia and cognitive decline (9).
All participants were invited via mail or telephone to par-
ticipate by the research team, and were enrolled when they
signed the consent forms. The inclusion criteria for ILAS
were: (1) residents aged 50 years and older, and (2) inhabit-
ants who presently live in Yushan Township without a plan to
move to other places. Subjects with the following conditions
were excluded for study: (1) unable to communicate with the
research nurses, (2) unable to complete all evaluation tests,
(3) with a limited life expectancy due to major illnesses, (4)
unable to complete functional assessments within a reasona-
ble time, and (5) current residents in long-term care facilities.
Overall, 1,839 subjects participated in the study. The whole
study and the consent procedure had been approved by the
Institutional Review Board of Taipei Veterans General Hos-
pital and National Yang Ming University.
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Demography and functional assessments

A questionnaire consisting of demographic information,
socioeconomic condition, medical history and quality
of life was performed for the subjects by research nurs-
es. The burden of multimorbidity was evaluated by using
Chatlson’s Comorbidity Index (13). Tobacco use was cate-
gorized as follows: non-smoker, ex-smoker (quit in past 6
months) and current smoker. Alcohol drinking status was
categorized as drinkers and non-drinkers. A comprehensive
functional assessment was performed for all participants,
including the Functional Autonomy Measurement System
for physical function test (14), the Center for Epidemio-
logic Studies Depression Scale (CES-D) for measuring the
mood status (15), the Mini-Nutrition Assessment (MNA)
for nutritional status measurement (16), and the Mini-Men-
tal State Examination (MMSE) for cognitive function meas-
urement (17).

Quality of life measurement

In this study, quality of life was measured by the Short
Form-12 (SF-12) for quality of life, which consisted of
physical component summary (PCS) and mental compo-
nent summary (MCS) (18). Higher score in PCS and MCS
was considered having higher quality of life. In this study,
subjects with the higher than the mean of total score of
PCS and MCS were categorized as having good quality of
life.

Mouscle strength and physical performance
For all participants, handgrip strength was measured using
digital dynamometers (Smedlay’s Dynamo Meter; TTM,
Tokyo, Japan), with participants standing in an upright po-
sition with both arms down on their sides. The best result
for three tests of the dominant hand was used for further
analysis (19). Moreover, participants performed a timed
6-meter walk with static start without deceleration for each

participant to evaluate their physical performance (20).

Definition of frailty

In this study, frailty was defined by using Fried’s criteria,
including exhaustion, weakness, slowness, physical inactiv-
ity and weight loss (1). Exhaustion was defined using the
2 statements by the CES-D. Weakness was defined by low
handgrip strength, and slowness was defined by slow gait
speed. Physical inactivity was evaluated by using Taiwanese
version of International Physical Activity Questionnaire
(IPAQ) (21). The cutoff for weakness, slowness and physi-
cal inactivity was determined by the gender-specific lowest
quintile of the study subjects of the corresponding tests.
Weight loss was defined as having involuntary weight loss
of >5% in the past year or 3kgs within past 3 months. Frail-
ty status (robust, pre-frail and frail) was determined based
on the Fried’s criteria.
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Statistical analysis

In this study, continuous variables were expressed as the
mean * standard deviation, and the categorical data was
expressed by percentages. Comparisons of continuous data
were done by Student’s t test and comparisons of categor-
ical data were done by Chi square test when appropriate.
Comparisons between groups of different frailty statuses
were performed by using one-way ANOVA. To determine
the independent associative factors for frailty, logistic re-
gression model was used by inputting variables with P<0.10
in the univariate analysis. Five items of frailty definition
were not entered for regression model to avoid over-ad-
justment. All statistical analysis was performed by the com-
mercial software (SPSS 18.0, SPSS Inc, Chicago, 1L, USA).
For all tests, the two-tailed P value<0.05 was considered
statistical significant.

RESULTS

Demography

Overall, 1839 subjects (mean age: 63.919.3 years, 47.5%
males) participated in this study. Table 1 summarized the
demographic characteristics of all study subjects and the
comparisons between men and women in this study. In this
study, men were older than women (65.119.7 vs 62.9+8.7
years, P<0.001) and having more education years (7.1£5.0
vs 5.414.8 years, P<0.001). Besides, men wetre more likely
to smoke and to carry current habit of alcohol consump-
tion than women. In the comparisons of multimorbidity,
men were similar to women except that women had a high-
er percentage of hyperlipidemia. Despite men were having
faster gait speed (1.610.5 vs 1.410.4 m/s, P<0.001) and
handgrip strength (35.1£8.3 vs 21.8+5.4 kg, P<0.001) than
women, the frailty status of men were similar to women.
In functional assessment, women were poorer in nutritional
status (26.9%1.9 vs 27.4£1.7 in MNA, P<0.001), depressive
symptoms (2.8+5.2 vs 2.0£3.7 in CES-D, P<0.001) and
cognitive status (25.1+4.4 vs 26.2£3.5, P<0.001) than men.
In the comparisons of quality of life, women were poorer
in both PCS (49.5£5.7 vs 50.815.6, P<0.001) and in MCS
(53.6%5.5 vs 54.214.4, P<0.001) than men.

Epidemiology of trailty

In this study, the prevalence of frailty was 6.8%, pre-frailty
was 40.5% and 53.7% of all subjects were robust. The prev-
alence of frailty status between men and women was simi-
lar. Table 2 summarized the comparisons between subjects
with different frailty status, which showed that age signifi-
cantly increased when the subjects became frailer. Similar
trends were identified in education year, alcohol drinking
habit, hypertension, diabetes mellitus, hyperlipidemia, CCI,
walking speed, handgrip strength, score of SMAF, CES-D,
MNA, MMSE, PCS and MCS (P all< 0.05).
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Associative factors for frailty
Table 3 summarized independent associated factors for
frailty in this study. Older age, poorer physical function,
poorer cognitive function, poorer nutritional status, more
depressive symptoms, higher CCI and poorer quality of life
were all independent associative factors for frailty. Educa-
tion year, alcohol drinking habit and multimorbidity were
not statistically significantly associated with frailty in the

regression model.

DISCUSSION

In this study, the prevalence of frailty was somewhat lower
than that in the Cardiovascular Health Study, which may be
related to the inclusion and exclusion criteria. Independent
associative factors for frailty in this study included older
age, poorer physical function, poorer cognitive function,
poorer nutritional status, more depressive symptoms, more
complex multimorbidity, and poorer quality of life. From
results of this study, frailty was not merely a geriatric syn-
drome, but frailty per se was the combination of multiple
geriatric syndromes. Therefore, frailty may pose a very
high risk of health for older people, even among otherwise
healthy community-dwelling middle-aged and older people.

A number of frailty intervention programs have been de-
veloped with inconsistent results. The mainstream of frailty
intervention programs was exercises and nutrition, either
alone or in combinations (22). Different combinations of
exercise programs have been reported and the combined
aerobic and resistance exercise was considered the most ef-
fective approach (23). However, not every intervention pro-
gram was effective and the newly developed programs were
through multifactorial intervention, which was compatible
to our study results. Associations between frailty, depres-
sion and cognitive decline have been reported as before, but
rarely did the frailty intervention programs include these
components. Our previous study in the post-acute settings
showed that improvement of physical functional could also
improve the depressive symptoms of older people without
use of antidepressants (24).

From this study, we may consider frailty was not just a geri-
atric syndrome like others but a complex geriatric syndrome
that was of much greater health risk for older people. The
associated conditions of frailty may lessen the benefits of
frailty intervention programs if these conditions were not
taken as a whole. To apply the concepts of comprehensive
geriatric assessment (CGA) may play an active role in frailty
intervention programs (25). Patients in the post-acute care
settings may be the best scenario to demonstrate the poten-
tial benefits because these patients were frail and free from
acute illnesses. It has been shown that CGA-based inter-
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vention successfully promoted physical functional recovery
for post-acute care patients and the improvements were
shown in depressive moods, cognitive function, as well as
nutritional status (26). Moreover, these improvements sig-
nificantly reduced 1-year mortality following post-acute
care services (27). Although the subjects in the communi-
ties were not as frail as patients in the post-acute care set-
tings, they eventually shared similar challenges and deserve
a comprehensive approach. A recent study demonstrated
the success of an integrated intervention in the reversal of
frailty (28).

Despite all the efforts went into this study, there were still
some limitations. First, the cross-sectional study design lim-
ited the possibilities to explore how frailty interacts with
other functional deficits in the long term. However, ILAS
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Baseline demographic characteristics and comparisons between men and women of I-Lan Longitudinal Aging Study

Total Men Women P value
(N=1839) (N=873) (N=966)
Age (years) 63.9+9.3 65.1£9.7 62.9+8.7 <0.001
Body mass index (Kg/m2) 24.9+3.6 24.9+3.3 24.8+3.8 0.433
Education year 6.2+5.0 7.1£5.0 5.4%4.8 <0.001
Cigarette Smoking (%)
Never smoker 69.5 40.2 96.0 <6.001
Ex-smoker 12.2 24.7 0.9
Current smoker 18.3 35.1 3.1
Current alcohol drinking (%) 33.0 49.8 17.8 <0.001
Multimorbidity
Hypertension (%) 41.4 42.2 40.8 0.570
Diabetes mellitus (%) 16.8 16.4 17.2 0.662
Coronary heart disease (%) 5.2 4.4 5.9 0.141
Hyperlipidemia (%) 7.8 6.1 9.3 o.omn
Ccl 1.0£1.3 1.0+1.2 1.0%1.3 0.959
Physical performance
Walking speed (m/s) 1.5+0.5 1.6£0.5 1.4£0.4 <0.001
Handgrip strength (Kg) 28.14£9.6 35.1+8.3 21.845.4 <0.001
Frailty status (%)
Robust 52.7 50.9 54.5
Pre-frail 40.5 42.3 38.8 0289
Frail 6.8 6.9 6.7
Functional assessment
SMAF -0.1841.63 -0.20%1.79 -0.16+1.47 0.575
CES-D 2.4+4.6 2.043.7 2.8+5.2 <0.001
Mini-Nutritional Assessment 27.2+1.8 27.4%1.7 26.9+1.9 <0.001
MMSE 25.6+4.0 26.2+3.5 25.1+4.4 <0.001
Quality of life
PCS 50.145.7 50.8+5.6 49.5£5.7 <0.001
MCS 53.9%5.0 54.214.4 53.6+5.5 0.007

CCl = Charlson’s Comorbidity Index; SMAF = the Functional Autonomy Measurement System; CES-D = the Center for Epidemiologic Studies Depres-
sion Scale; MMSE = Mini-Mental State Examination; PCS = Physical Component Summary; MCS = Mental Component Summary
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Table 2.

Comparisons of clinical characteristics among subjects with different frailty status

Total Robust Pre-frail Frail
(N=1839) (N=970, 52.7%) (N=744, 40.5%) (N=125, 6.8%)
Age (year) 63.9+9.3 60.7+7.5 66.3+9.3 74.6£9.2 <0.001
Sex (M%) 47.5 45.8 49.6 48.0 0.289
BMI (Kg/m?) 24.9+3.6 24.8+3.5 24.9+3.6 24.7%4.0 0.655
Education year 6.2+5.0 7.5+4.8 5.2+4.8 2.6+3.5 <0.001
Cigarette smoking (%) 0.359
Never smoker 67.4 69.3 65.4 60.9
Ex-smoker 19.7 18.5 21.4 20.3
Current smoker 12.9 12.2 13.2 18.8
Current alcohol drinking (%) 35.0 38.7 32.1 15.4 <0.001
Multimorbidity —6.001
Hypertension (%) 41.4 34.6 47.6 57.6 ’
: . <0.001
Diabetes mellitus (%) 16.8 13.4 18.7 32.0
. 0.260
Coronary heart disease (%) 5.2 4.4 5.8 7.2
e . 0.025
Hyperlipidemia (%) 7.8 6.2 9.4 10.4
<0.001
Ccl 1.0£1.3 0.7£1.1 1.2£1.3 2.1+1.4
Physical performance
Walking speed (m/s) 1.5+0.5 1.7£0.4 1.4+0.4 0.9£0. <0.001
Handgrip strength (Kg) 28.1£9.6 30.9+9.0 26.0+9.2 18.8+7.1 <0.001
Functional assessment
SMAF -0.2+1.6 -0.0+0.2 -0.1+0.5 -2.0+5.8 <0.001
CES-D 2.4+4.6 1.5+2.6 2.7+4.4 8.2+10.0 <0.001
Mini-Nutritional Assessment 27.2+1.8 27.5+1.6 27.1+1.8 25.3+2.6 <0.001
MMSE 25.6+4.0 26.8+3.0 25.0+4.0 20.8+5.8 <0.001
Quality of life
PCS 50.1£5.7 50.9+4.5 50.0+5.8 44.1£9.1 <0.001
MCS 53.9+5.0 54.6+3.6 53.7+5.0 49.1£9.9 <0.001

CCl = Charlson’s Comorbidity Index; SMAF = the Functional Autonomy Measurement System; CES-D = the Center for Epidemiologic Studies Depres-

sion Scale; MMSE = Mini-Mental State Examination; PCS = Physical Component Summary; MCS = Mental Component Summary

Table 3. Independent associative factors for frailty

Odds ratio 95% Confidence Interval P value

Age (years) 1.105 1.069-1.143 <0.001
Education year 1.026 0.958-1.100 0.460
Current alcohol drinking (%) 0.934 0.733-1.189 0.578
Multimorbidity

Hypertension (%) 0.905 0.552-1.484 0.693

Diabetes mellitus (%) 1.703 0.952-3.046 0.073

Hyperlipidemia 0.877 0.413-1.861 0.877

Ccl 0.978 0.802-1.193 0.825
Functional assessment

SMAF 0.761 0.635-0.913 0.003

CES-D 1.096 1.059-1.135 <0.001

Mini-Nutritional Assessment 0.799 0.713-0.895 <0.001

MMSE 0.883 0.832-0.937 <0.001
Poor quality of life 2.328 1.408-3.939 0.001

CCl = Charlson’s Comorbidity Index; SMAF = the Functional Autonomy Measurement System; CES-D = the Center for Epidemiologic Studies Depres-

sion Scale; MMSE = Mini-Mental State Examination; PCS = Physical Component Summary; MCS = Mental Component Summary
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emographic trends show absolute and relative
increases of older persons in our societies. Such
scenatio endangers the sustainability of our
healthcare systems. In fact, it is well established that age-re-
lated conditions and, in particular, disabilities are particular-
ly burdening for the person but also for the public health
system. For this reason, in this last decade, a relevant body
of scientific literature has focused the need of implement-

ing preventive actions against disability in the elders.

The concept of “frailty syndrome” has been defined and
increasingly studied. Frailty is defined as the extreme vul-
nerability of the organism to endogenous and exogenous
stressors, exposing the individual at higher risk of negative
health-related outcomes (1). Too many and too heterogene-
ous are today the older persons in our societies for describ-
ing them only according to a pure chronological criterion
(i.e., number of years lived). Frailty may indeed represent
a way for replacing the obsolete concept of “chronological
age” with a more accurate and person-tailored parameter of

“biological age” (2).

Although the theoretical concept of frailty is agreed, its
practical translation still presents some limitations due to
the existence of multiple (and largely non-ovetlapping)
operational definitions. It is noteworthy, for example, how
some authors have tended to consider frailty as a pre-dis-
ability phenomenon, whereas others have promoted the

detection of the syndrome even in patients with severe dis-
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ability conditions. It is likely that such heterogeneous trans-
lation of frailty is due to the need of measuring the “bio-
logical age” of the elder in the presence of different clinical
substrata and/or settings. In other words, a gradient of risk
for negative events can always be generated by assessment
instruments. Moreover, it should also be acknowledged that
frailty is not (yet) a specific disease, but a syndrome requir-
ing a multidomain and multidisciplinary approach. That is,
after frailty is detected (whatever is the adopted instrument
to measure it), a comprehensive geriatric assessment should

follow.

Scientific literature about the importance of conducting a
comprehensive geriatric assessment in vulnerable elders is
vast. The multidimensional and multidisciplinary approach
to geriatric syndrome has documented beneficial effects
when applied in multiple clinical settings and conditions.
Several trials have demonstrated that person-tailored inter-
ventions based on results of a comprehensive geriatric as-
sessment are able to prevent major negative health-related
outcomes in the older persons living in the community (3),
home care (4), and hospital (5). It could be too long and
not within the scopes of the present summary to go in the
details of the available evidence. Nevertheless, it might be
sufficient to simply cite the most relevant meta-analysis
conducted (already) in 1993 by Stuck and colleagues (6).
In this study, Authors examined results of 28 randomized
controlled trials (more than 9,000 participants) testing the

effects of comprehensive geriatric assessment-based in-
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terventions versus controls. Findings clearly demonstrated
that comprehensive geriatric assessment programs linking
geriatric evaluation with strong long-term management are
effective for improving survival and function in older per-

sons.

Probably, orthopaedic surgery represents the first discipline
which has successfully implemented a close collaboration
with geriatricians for the assessment and management of
older persons (i.e., hip fracture patients). For example,
Antonelli Incalzi and colleagues (7) demonstrated that as-
signing a geriatrician to assist with the medical care of (hip
fracture) older patients in orthopaedic wards was associat-
ed with increased operation rate, decreased mortality, and
shortened length of stay. More recently, oncologists (8) and
cardio-surgeons (9) have started more frequently looking
for the comprehensive geriatric assessment as the mean for
conducting a higher number of their old patients to their
specific interventions. The search of such collaborations is
easily explained by the common presence of “geriatric” pa-
tients (with all their complexities and peculiarities) in almost
every hospital ward and service. In fact, several medical
specialities are today facing the effects of the global aging
on their patients’ characteristics. Geriatric patients require
adaptations of care, personalization of interventions, and
modifications of standard protocols that can be reached
only through the implementation of the comprehensive

geriatric assessment.

The positive results obtained in specific clinical settings
have recently fostered geriatric research at trying to extend
the use of the multidimensional and multidisciplinary ap-
proach in primary care and as part of preventive strategies
dedicated to community-dwelling older persons. For exam-
ple, since October 2011, the Gérontopdle of the Centre
Hospitalier Universitaite de Toulouse has been conducting
an innovative day hospital unit exclusively devoted to frail-
ty in the community (the so-called Frailty Clinic) (10, 11).
In collaboration with the general practitioners of the area,
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the Gérontopole has been receiving non-disabled frail el-
ders for assessing their overall health status through a com-
prehensive geriatric assessment, identifying the causes of
their frailty condition using a multidisciplinary approach,
and then proposing a person-tailored plan of preventive
intervention. It is noteworthy that almost half of the frail
older persons assessed at our Frailty Clinic were found to
have at least one undiagnosed condition. This means that
the presence of the general practitioner (who refers the in-
dividual to our service) may not be sufficient to comprehen-
sively assess the older person's clinical complexity. A coot-
dinated and multidisciplinary evaluation is indeed required
to identify the inner causes of the frailty condition. The
detection of a previously unknown clinical condition will
surely conduct to the need of a specific treatment. On the
other hand, the early intervention may signify 1) preventing
more serious consequences in the future, and 2) potentially
solve (part of) the individual's complaints. This infrastruc-
ture does not only play a major role at detecting early signs
of diseases (thus anticipating the treatment/intervention to
the preliminary phases of the pathological process), but it
is also important to diffuse knowledge and awareness about
the importance of preventing disability at older age.

In conclusion, the frailty condition (and related literature)
should always be considered together with the large amount
of evidence supporting the adoption of the comprehen-
sive geriatric assessment in older persons. More studies are
required to demonstrate that such multidimensional and
multidisciplinary approach is beneficial also when applied
among community-dwelling older persons in the preven-
tion of disability. Such evaluation should be particularly
focused at limiting the risk of “overdiagnosis” in order to
assure an ethical and cost-effective conduction of the in-
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CONTEXT

Western countries are currently undergoing a period of
demographic and epidemiologic transition. The prevalence
of chronic comorbidities and dependency rises with life ex-
pectancy (1). It is possible to identify persons at increased
risk of fall, hospitalization, dependency, or death (2). The
“frailty” of these persons reflects their physiological age.
Frailty prevention concerns all adults and mainly relies on

nutritional education, including physical activity and diet (3).

DEFINITIONS

The Société Frangaise de Gériatrie et Gérontologie defines
the frailty of the elderly as a clinical syndrome correspond-
ing to a reduction of a person’s stress adaptation capacities,
modulated by physical, psychological and social factors. Its
evaluation must involve clinical criteria predictive of the
risk of functional decline and adverse outcomes (2).

The Fried model, developed in the USA in the early 2000s,
is considered to be a reference model for frailty (4). It is
based on the assessment of five physiological criteria: un-
intentional weight loss, slow walking speed, feelings of ex-
haustion, low physical activity and self-perceived muscle
weakness. The presence of three criteria is enough to define
the frailty status, with the presence of one or two defin-
ing pre-frailty. The frailty clinical criteria are dynamic and
potentially reversible, particularly through pluriprofessional
intervention. While the Fried model is simple and robust,
it does not include any cognitive, psychological or social
criteria (5), dimensions which may alter the expression of
the somatic factors.
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CONCEPT

In clinical practice, frailty can be considered a risk factor
for health status deterioration, beyond the effect of chron-
ological age. It is actually more a risk marker than a causal
factor for health status deterioration, as can be a disease (6).
Like metabolic syndrome, the frailty syndrome is not rec-
ognized in the International Classification of Primary Care
(ICPC-2, WONCA) or in the International Classification
of Diseases (ICD-10, WHO).

Frailty better predicts mortality risk than chronological age.
Italso predicts the risk of complications arising from disease
a little better than the diseases themselves. A patient’s poly-
pathological state incompletely covers the frailty status (7).
The ability to recognize the syndrome and to intervene ap-
proptiately represents an issue for general practitioners/
family physicians (8), as frailty situations are at the heart of
general practice (9).

FREQUENCY

Frailty prevalence, measured according to the Fried model,
has been estimated at 15% of the French population over 65
years of age, and the prevalence of pre-frailty at 44% (10).
Frailty prevalence increases with age, is higher in women
than in men, and decreases with education level. Since con-
sultations of patients over 65 years of age account for 28%
of consultations, frail patients may represent around 4% of

those attending general practice (11).
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EVALUATION

The aims of frailty evaluation are to improve the quality of
life and limit the management costs (12). It can also aid to
orientate the management of elderly patients, in particular
when facing high risk interventions (cancer treatment, sur-
gery, etc.) or when the ranking of priorities is required (e.g;
in case of multiple chronic conditions).

Initial and follow-up frailty evaluation can benefit patients
living at home or retirement home. It can be integrated
within the framework of mass screening or of an eatly di-
agnosis. The latter can be initiated based on warning signs,
such as non-specific signs (fatigue, unexplained weight loss,
repeated infections), falls, acute delirium or fluctuating
functional disabilities. Frailty evaluation can be comple-
mented by a simplified comprehensive geriatric assessment.
Screening for frailty raises ethical issues, because it is ap-
plied to asymptomatic patients and could generate con-
straints and hazards (6). Pre-frailty detection looks useless
in clinical practice, owing to its very high frequency in the
population and the lack of specific intervention.

TOOLS

Various frailty indexes have been developed, which include
up to 70 variables. Several have a good statistical validity, in
particular an instrument derived from the Fried criteria to
distinguish between frail, pre-frail and non-frail patients (13),
and the “frailty index” to measure the frailty level (14).
These available tools show acceptable negative predictive
values but low positive predictive values. The “frailty in-
dex” can eventually be used within a two-step strategy. In
general practice, any test may be administered across several
consultations.

Frailty evaluation by general practitioners implies the avail-
ability of a tool adapted to their practice, which is easy and
quick to use. The clinical utility and user-friendliness of the
available tools in primary care remain to be demonstrat-
ed. To comply with the biopsychosocial approach, which
is characteristic of general practice (15), the criteria should
encompass the psychological and social dimensions, be-
yond the mere biological dimension highlighted in the
Fried’s model. They should identify elements on which the
general practitioner can design a dashboard and a care plan.

INTERVENTIONS

A program of home visits to elderly persons, including
clinical examination, may reduce functional disabilities in
moderately aged individuals. The global evaluation of el-
derly patients in the ambulatory setting improves the quality
of care and, likely, patients’ quality of life and autonomy.

Some multidimentional interventions can decrease the risk

of referring elderly patients to retirement homes or hospi-
tals, especially for those under 65 years of age.

The management of frail elderly patients consists of initial-
ly treating the problems that may favor their frailty, going
on to correct reversible frailty elements (16). In moderately
frail patients, prolonged and intensive programs of physical
re-education can prevent dependency. On the other hand,
evidence is still lacking regarding the effectiveness of inter-
ventions targeting diet (17).

Practically, the management of frail elderly patients usual-
ly includes care and support, within an approach that can
be coordinated by the general practitioner, in collaboration
with other primary care professionals. Effective manage-
ment, particularly for patients living at home, implies the
availability of the different professionals involved (physi-
otherapist, occupational therapist, ophthalmologist, dieti-
cian, etc.), which may vary with the patient’s location.

ON-GOING INVESTIGATIONS

An interesting investigation involving French general prac-
titioners is currently being conducted by the Gérontopole
in Toulouse (18). It is based on patients’ screening using a
simple tool based on the Fried criteria and including the
notion of patient isolation, a cognitive dimension, and the
physician’s clinical sense. Patients identified as frail are then
referred to a hospital platform for multidisciplinary evalu-
ation.

At a national level, a project concerning the management
of eldetly persons at risk of losing their autonomy (PAER-
PA) is being conducted in eight French regions, with the
aim of optimizing elderly care pathways involving profes-
sionals from the health and social care fields. This project
consists of “opportunistically” detecting eldetly persons at
risk of dependency (frail or having a chronic disease), per-
forming a standardized geriatric assessment and then pro-

viding a personalized care plan.

PENDING ISSUES

Before any generalization, it is advisable to assess the re-
versibility of the different frailty elements and the risk- ben-
efit and cost-benefit ratios of vatious evaluation and inter-
vention strategies. The main points to compare are targets
(mass screening vs. early diagnosis), evaluation features
(tools, sequences), evaluation operator (general practition-
ers, other primary care professionals, geriatricians), inter-
vention features (physical, psychological, social, etc.). These
strategies also need to be compared to traditional diagnos-
tic and therapeutic management approaches, which target
symptoms and diseases. Ideally, current and future research
should enable the development of a decision algorithm that

will support pluriprofessional primary care. It is essential
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that the models investigated take into account patients’ ad-
herence and preferences, because their priorities can differ
from those of the health professionals (19).
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Ider adults often have co-occurring multiple

chronic and acute diseases, which progressively

and steadily increase in prevalence with age (1, 2).
The treatment of these diseases usually requires multiple
drugs (polypharmacy); it has been estimated that more than
50% of persons aged 65 years or older receive five or more
drugs concomitantly (3, 4). Drug use in the older popula-
tion might raise several concerns related to an increased risk
of drug-drug and drug-disease interactions, poor adherence
to treatment, and increased risk of adverse drug reactions
(5-7). In this chapter we will discuss what role drugs and
polypharmacy play in the development, management and

treatment of frailty.
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Frailty is a complex condition and there may be multiple
factors associated with its onset and development. The Fig-
ure illustrates potential targets for drug treatment of frail-
ty: chronic somatic conditions, sarcopenia, and hormonal
deficits. Hormonal deficits in testosterone, Vitamin D, or
growth hormone may lead to neuroendocrine dysregula-
tion, contributing to decreased muscle mass and ‘anorex-
ia of aging’ (8). Chronic conditions can lead to frailty via
numerous pathways, including the onset of sarcopenia, or
by causing disability or reduced physical functioning. Sarco-
penia itself is associated with reduced physical functioning
and the onset of disability (9-12). All three pathways, con-
tribute both separately and together to an overall syndrome
of frailty in the elderly. Therefore, the role of drugs on the
development, management and treatment of frailty should

take all three factors into account.

DRUGS TO TREAT CHRONIC CONDITIONS

Frailty is associated with numerous chronic somatic condi-
tions, including cerebrovascular disease, diabetes, coronary
disease, and hypertension, among others. Given the associ-
ation between chronic conditions and frailty, one angle to
take when considering the treatment of frailty is whether
drugs used to treat the chronic conditions associated with
frailty may in turn lead to improvements in frailty and re-
lated functional outcomes. Currently, data concerning this

issue are poor. One reason for this is that large drug trials
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are often not designed to assess the impact of the respec-
tive treatment on outcomes other than the primary disease.
Thus, they may not adequately assess outcomes such as
frailty or improvements in functional outcomes. For exam-
ple, Di Bari et al (13) looked at data from a randomized
control trial of antihypertensive medication in older adults,
where the primary and secondary endpoints were clinical
outcomes such as stroke, myocardial infarction, coronary
disease, cardiovascular morbidity, and mortality. Using this
data they subsequently examined whether the treatment
also had an effect on frailty-related outcomes such as func-
tional factors. Their study identified a number of limitations
in examining these endpoints in such as study. In particu-
lar, there was a differential loss of data for participants in
the treatment and placebo group, which led to a bias in the
results concerning the functional and cognitive outcomes.
Older and more impaired elderly were more likely to be lost
to follow-up, and this selective drop out made it difficult to
draw any firm conclusions about the effect of the treatment
on these frailty-related outcomes. This raises the issue that
there is a great need for well-conducted randomized con-
trol trials that examine ‘real world” outcomes of drug treat-
ments for chronic diseases, including frailty-related factors
such as improvements in physical functioning, hospitaliza-

tion, dependency in activities of daily living, among others.
DRUGS TO TREAT SARCOPENIA

Sarcopenia, a clinical syndrome characterized by loss of
muscle mass accompanied by functional deterioration such
as walking speed, walking distance, or grip strength (14),
has been proposed as a biological substrate of physical
frailty (9). Sarcopenia predicts frailty, as well as other poor
outcomes including hip fracture, disability, and mortality
(10-12). Evidence suggests that treating sarcopenia may
lead to clinically beneficial outcomes in older person with
frailty (15, 16).

There are numerous potential causes and associated factors
related to the development of sarcopenia, including genet-
ic factors, vascular factors, mitochondrial defects, insulin
resistance, poor blood flow, and decreasing levels of tes-
tosterone, vitamin D, and growth hormone among others
(for a recent review see (17)). Consequently, given the range
of factors involved in the pathophysiology of sarcopenia,
there might be numerous approaches for treating the disor-
der, including non-pharmacological interventions such as
resistance exercise (18), and pharmacological approaches
such as Creatine Selective Androgen Receptor Modulators
(SARMS) to increase muscle mass and physical functioning
(19), myostatin antibodies to increase muscle volume, and
angiotensin converting enzyme inhibitors to improve phys-
ical functioning (20, 21), among others. In addition to the

current drug treatments, there is a wide range of pharma-

103

cological options that can potentially be considered for de-
veloping future treatments for sarcopenia, such as growth
differentiation factor, myokines activators and inhibitors,
nitric oxide, and biguanides, among others (17). Results of
trials focused on the use of these drugs to specifically treat
sarcopenia and prevent frailty have, so far, not providing

any convincing evidence.
HORMONAL TREATMENTS

Testosterone has been shown to increase muscle strength
and mass in older persons (22-24), as well as improving
functional outcomes such as strength and walking distance
in patients with frailty (25, 26), and decreasing hospitali-
zation in frail older persons (27). Testosterone is currently
considered to be the most effective and safest treatment for
sarcopenia (17), although there are numerous potential side
effects. Current trials are ongoing, with particular emphasis
on comparing testosterone treatment with SARMs, which
may potentially be safer. There is currently little evidence
concerning the effect of SARMS on sarcopenia, as the only
clinical trial on the subject was halted, but initial evidence
from this study showed an improvement in functional
abilities such as stair climbing and gait speed (19). Other
SARMs trials on patients with other chronic diseases such
as COPD, osteoporosis, chronic kidney disease, and cancer
reported improvements in functional abilities such as stair
climbing (28), and increased muscle mass (29-31). More
studies on the effect of SARMs on clinical and functional
outcomes in patients with sarcopenia are needed, as well as
studies directly comparing the treatment effect of SARMs
versus testosterone in patients with sarcopenia and frailty.

Vitamin D is an established treatment for sarcaponia (32);
it increases muscle strength (33, 34) and has positive ef-
fects on frailty-related outcomes in older persons such as
decreasing the incidence of falls (33), hip fractures (35),
and mortality (36). Other hormonal treatments such as
growth hormone are currently not considered as effective
treatments for sarcopenia. Although growth hormone has
been shown to increase muscle mass and mean body mass
in older persons (37, 38) it does not appear to improve mus-
cle strength, and is associated with numerous side effects

(38-40).
DRUGS AS A CAUSE OF FRAILTY

In addition to the discussion of how to treat frailty, con-
sideration also needs to be taken into the role that drugs
may have on the development of frailty. Numerous spe-
cific medications have been shown to be associated with
frailty and frailty-related factors. In particular, the use of
anticholinergic drugs is associated with frailty and related

factors such as falls, hip fractures, and reduced activities of
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daily living functions (41-44). Inappropriate drug prescrib-
ing is also another pathway through which drugs might
cause frailty. For example, improper use of diuretics in
certain patients could inadvertently lead to increased frailty
and frailty-related factors by causing dehydration (45-47).
Another such example is the overuse and inappropriate use
of proton pump inhibitors in the elderly, which can cause
vitamin B12 deficiency, reduce calcium absorption, increase
fracture risk, and are associated with increased mortality
(48-50). Further, poor management of drug regimes can
lead to frailty. For example, the overtreatment of diabetes
in older persons is associated with frailty (51, 52), and dia-
betes treatment in frail older individuals needs to be careful-
ly managed, especially in nursing home patients (52). Final-
ly, polypharmacy is related to an increase in frailty in older
adults (53-55). This relationship may be bidirectional. On
one hand, an increase in the number of chronic conditions
that are associated with frailty can increase polypharmacy.
For example, diabetes is associated with frailty, as well as
comorbidity and polypharmacy in geriatric patients (2, 51,
56, 57). On the other hand, there is also evidence to sug-
gest that polypharmacy itself may be involved in the devel-
opment of frailty (58-60). Polypharmacy was shown to be
associated with more than a twofold increased incidence of
developing frailty over two years in men (58). The authors
suggested that the high-risk prescribing may have directly
aggravated the clinical features of frailty. Thus, a reduction
of polypharmacy is advised for both the prevention and
management of frailty (61).

FRAILTY AS AN EFFECT MODIFIER
Finally, it is necessary to discuss how frailty could act as an

effect modifier in the treatment of chronic diseases. The

concept of “reverse epidemiology” has been demonstrat-
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INTRODUCTION

The life expectancy of older individuals continues to in-
crease with persons aged 70 years and more representing the
fastest growing proportion of the western population (1).
At the same time, this extended life should involve the pres-
ervation of autonomy through the maintenance of phys-
ical and cognitive function. However, with normal aging,
people will develop frailty. Thus, identifying cost-effective
interventions, which prevent frailty, is one of the most
important challenges of health care systems. The difficul-
ty in developing specific interventions to prevent or delay
frailty is due to the complexity of the phenomenon, which
involves many different physiological, cognitive, and psy-
chological systems. Because no single manifestation of
frailty can encompass the whole of the symptoms or signs
present, consensual exercise training guidelines remain par-
adoxically difficult. Therefore, the aim of this review is to
address an overview of the literature regarding the effect of
exercise/physical activity in the prevention of physical and
cognitive frailty.

EXERCISE AND PHYSICAL FRAILTY

Although there is not a universally accepted operational
definition of frailty, the most commonly used definition of
a physical phenotype of frailty comes from the Fried Frailty
Index (FFI). Fried proposed identifying frailty in the indi-

vidual by observing the presence of at least three of the
five following symptoms: shrinking (nutritional/metabolic
component assessed by unintentional weight loss), weak-
ness (indicated by muscle strength), poor endurance and
energy (per self-reported exhaustion), slowness (demon-
strated by slow walking speed) and low amounts of physical
activity (2).

There is evidence to suggest that history of leisure time
physical activity (LTPA) is related to frailty. In fact; Savela et
al. showed that people with high LTPA had up to 80% low-
er risk of frailty compared to sedentary subjects (3). This
conclusion has been confirmed by others who observed
that regularly engaged exercise activities in elderly individu-
als were less likely to develop frailty through a 5 year period
than those who were sedentary (4, 5).

The benefits of exercise in improving functional capacities
which include daily living activities, falls and quality of life
of frail older adults has been considerably reported through
reviews or meta-analyses (6-9). Regarding the literature, low
intensity resistance training (10, 11), power resistance train-
ing (12), multimodal (13, 14); could be recommended to
older frail individuals but not flexibility home programs or
chair based exercises alone (10, 15, 16). In addition, aerobic
exercise could also counteract physical frailty through the
improvement of the maximal oxygen uptake (Vo2max) (17)
and increased muscle mass (18, 19).
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EXERCISE AND COGNITIVE FRAILTY

It is not satisfactory to define frailty in the physical domain
alone since there are other factors that have not yet been
examined, but are recognized as part of the frailty syn-
drome such as cognition. While physical frailty is a widely
recognized problem in the eldetly, cognitive frailty has only
recently become the focus of inquiry. Recently, the Inter-
national Academy of Nutrition and Aging (IANA) and the
International Association of Gerontology and Geriatrics
(IAGG) summarized cognitive frailty as a heterogeneous
clinical manifestation characterized by the simultaneous
presence of physical frailty and cognitive impairment, in
the absence of dementia (20).

It is well establish that aerobic exercises such as walking
may prevent the decline in cognitive function in non-frail
older adults (21-23). However, few studies have exam-
ined the effect of other types of exercises (tai-chi, body
and mind, resistance training) on cognitive function. For
example, it has been observed that resistance training con-
tributes positively and significantly in the improvement of
brain functional plasticity, executive function and response
inhibition (24, 25). Thete is also evidence to suggest that
home based exercises may improve executive function, spe-
cifically response inhibition, after 6 months (26). Moreover,
studies have shown that Tai Chi could positively affect cog-
nitive performance in older adults (27). It should also be
noted that combining aerobic training to resistance training
is more efficient in improving cognitive function in older
adults than aerobic or resistance training alone (28, 29).
However, current evidence is limited, and research is need-
ed on the role of exercise parameters (e.g. volume, types,
and intensity) on specific cognitive functions. Indeed, it has
been reported that the volume, intensity and variation of
physical activities as well as the history of practice was pos-
itively associated with processing speed, memory, mental
flexibility, executive function and overall cognitive function
(30, 31). Finally it has been proposed that exercise could
prevent cognitive frailty through an improvement on brain
plasticity, structural brain reserves and cerebral blood flow
(32-34).

Thus, even if exercise is promising to improve cognitive
decline with age in non-frail individuals, to our knowledge
only one study has been conducted to improve cognitive
function using exercise alone in frail older adults (35). This
study concluded that aerobic training combined to resist-
ance training is efficient to improve executive functions,
processing speed and working memory. Thus, RCT using
exercise training to counteract cognitive frailty are needed

in frail elderly because this population is poorly studied.

PRACTICAL GUIDELINES

Overall, it is important to propose an exercise program re-
producible at home including gradual increases in the vol-
ume, intensity, complexity and type of all of the exercises
through resistance, acrobic, as well as body and mind train-
ing. Since 64 % of older people are considered as sedentary,
increasing the long-term adherence is important in order
to create a specific training program that includes regular
changes in the intensity and type of exercises and is feasible
at home (counteract the transportation).

More specifically, resistance-training programs should be
performed two to three times per week, with two sets of
8-12 repetitions at an intensity that starts at 20%-30% and
progresses to 80% of 1RM. In addition, progressively, we
could increase the tempo to turn on power training, which
is more efficient to improve or maintain muscle quality. All
these exercises should be realized in exercise rooms under
supervision or at home using for example Swissball; free-
weight, elastic band, chair and others with occasional super-
vision. To optimize the functional capacity of individuals,
resistance/powet training programs should be combined
with exercises in which daily activities are simulated, such as
the sit- to- stand, tandem foot standing, heel-toe walking,
line walking, stepping practice, standing on one leg, weight
transfers (from one leg to the other). These exercises are
often offered through body and mind activities such as tai
chi and pilates. Aerobic training should include walking
with changes in pace and direction, treadmill walking, step-
ups, stair climbing, and stationary cycling. Aerobic exercise
may start at 5-10 min during the first weeks of training and
progress to 15-30 min for the remainder of the program.
The Rate of Perceived Exertion scale should be used for
prescribing the exercise intensity, and an intensity of 12—14

on the Borg scale appears to be well tolerated.
CONCLUSION

In General, to prevent physical and cognitive frailty adverse
effects, frail older adults could practice multimodal physical
activity programs (resistance/power, aerobic and body and
mind exercise) at least twice a week during 30-45 min per
session at moderate to high intensity. In addition, to opti-
mize the physical training prescription and meet these goals
in subjects with physical and/or cognitive frailty, the most
effective type of exercise program should be identified by
considering the optimal combination of intensity, volume,
and frequency training that would promote neuromuscular,
muscular and cardiovascular adaptations and thus result in
improved functional and cognitive capacity in the frail el-
derly.
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INTRODUCTION

While definitions of frailty still vary, it is generally agreed
upon that frailty is characterized by decreased reserve and
robustness, causing extreme vulnerability to stressors (1)
that is mainly observable as diminished physical strength
and endurance (2-4). Nutrition is a crucial contributing fac-
tor in the complex etiology of frailty and its key component
sarcopenia (5), as it provides the energy and essential nutri-
ents needed for the maintenance and performance of all or-
gans and bodily functions, including muscle. However, nu-
tritional intake in general decreases with ageing (among the
reasons is the so-called anorexia of ageing) (6-8), and more-
ovet, older individuals with anorexia seem to exhibit altered
eating patterns characterized by lower consumption of nu-
trient-rich foods (9). This may be aggravated by functional
problems impairing food access (10) and/or by following
restrictive diets (i.e. low-cholesterol, low-salt, diabetes) (11).
Monotonous diets result, and it is often challenging for old-
er adults to meet their needs for energy and protein (12-
15), but in particular for micronutrients (16-19). A chronic
lack of energy, macro- and/or micronuttients, howevet,
not only limits bodily functions, but over time promotes
atrophy and subsequent loss of body tissues, including
muscle (20-22). Thereby, chronic malnutrition is disturb-
ing metabolic balance, decreasing the reserves of the body
and diminishing its abilities to cope with stressors (4,21),
i.e. promoting frailty.

This article aims to give a short overview on current knowl-
edge concerning the role of nutrition for the prevention
and treatment of frailty, while providing readers with refer-

ences giving an overview for further reading.

OBSERVATIONAL DATA

Epidemiological studies examining the association between
dietary intake or nutritional status and frailty have indeed
supported a putative role for nutrition in the development
of frailty (17,23) and its key components sarcopenia and
functional decline (10,18,21,24-26). In these studies, mal-
nutrition, the risk of malnutrition, the presence of weight
loss and/ ot low body weight/BMI were shown to be close-
ly associated with frailty (17,27,28). Older adults that were
frail (17,28,29) (ot, in some studies, had less lean/muscle
mass and/or worse physical petrformance, which may be re-
garded as signs for sarcopenia and frailty) (18,24,26,30-32)
wete found to have lower intakes of energy, protein and/or
of several micronutrients, as well as lower plasma concen-
trations of various nutrients when compared with non-frail
older individuals (or better performing persons, respective-
ly). Semba et al. (33) observed in their study that each ad-
ditional nutrient deficiency raised the risk of frailty in older
women by almost 10%. This emphasises the importance of
ensuring a high quality of older persons’ diets in addition to
sufficient quantity as an essential component in the preven-

tion and treatment of frailty.
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Although weight loss often is the most visible sign of chron-
ic malnutrition (and one of the defining characteristics of
physical frailty according to Fried et al.) (34), the absence of
weight loss as well as a normal or even elevated body weight
does not necessarily signify an adequate nutritional intake,
especially with regard to micronutrients (35). Moreover, a
stable or even increasing body weight may mask an “inter-
nal” gradual reduction in lean body mass (skeletal muscle
and bone mass) that is accompanied by gains in (visceral)
fat mass (20,36). In recent years, epidemiological research
has come to notice that also the presence of obesity (begin-
ning from BMI>30 kg/m? but certainly at BMI>35 kg/m?)
and/or of excessive (visceral) fat mass heavily aggravates
the risk of mobility limitations and frailty (27,28,36-39), es-
pecially when it occurs in combination with sarcopenia (sar-
copenic obesity)(36). Putting the focus on weight loss or
body weight alone may thus inadvertently lead to overlook
frailty and/or nutritional deficits in overweight and obese

older adults or those with no obvious weight loss.

INTERVENTION STUDIES

Supplementation with protein or specific amino acids
Given their important role in (muscle) metabolism, the nu-
trients most extensively studied for the treatment or pre-
vention of frailty, and especially of sarcopenia, are proteins
and (essential) amino acids (AA). Current evidence indicates
that older persons may have reduced ability to use ingested
protein for muscle protein synthesis, and it is suggested to
increase the recommendations for protein intake in this age
group to at least 1,0-1,2 g/kg body weight/day in order to
maintain, or help regain, muscle mass (for an extensive re-
view of these topics see (10,12-15,17,20,21,24,25,30-32,40-
44). Under debate is also whether the source of ingested
protein, specific AA or the timing of protein ingestion are
relevant factors affecting the anabolic effect of protein in-
take in older adults.

To date, reliable evidence from RCTs including frail older
individuals is scarce (28,45), and most studies in this area
focus on sarcopenia and/or include healthy older persons.
Moreover, interventional studies using protein supplements
(mainly whey/casein protein or mixed/individual AA), and
in rare cases protein rich foods such as meat or dairy prod-
ucts (31,42,46), mostly focus on the gain of body weight
and/or lean/muscle mass or on metabolic outcomes. Stud-
ies reporting functional outcomes so far provide heteroge-
neous results: supplementation has been shown to increase
lean mass and to improve (or at least to reduce the decline
in) physical function in some studies (13,14,28,41-43,46-49)
and was able to attenuate frailty in one small RCT(50). In
other trials, however, such interventions failed to show

beneficial effects on strength and performance, although

sometimes achieving an inctrease in body weight and/or
lean mass (15,31,32,51,52).

Supplementation with other substances
Other nutritional supplements that have been tested in old-
er adults, although again mostly in healthy and not frail per-
sons, and mainly in relation to sarcopenia, are vitamin D,
creatine, beta-hydroxy-beta-methylbutyrate (3-HMB), argi-
nine, beta-alanine and citrulline, omega 3 fatty acids and
antioxidants including carotenoids, selenium, vitamin E and
C and isoflavones (reviewed in (10,13,15,17,24,25,28,32,40-
43,47,53).). However, to date the number of studies is too
small and their designs and results are too heterogeneous
to draw reliable conclusions regarding relevant effects of
supplementation of these substances to help maintain or

restore robustness in the older population.

Combination of nutrition and exercise interventions

As described before, based on the currently available ev-
idence it remains unclear if nutritional supplementation
of protein and/or any other substance in itself may have
sufficient effects to attenuate frailty (28). As in some stud-
ies the combination with exetcise and/or physical activi-
ty was most effective to teinforce lean/muscle mass and
physical performance (28,31,45-47,54,55) and to dectrease
frailty (50), it is currently recommended to combine both
approaches (21,44).

This is especially important in the case of frail but exces-
sively obese older persons: future treatment strategies for
these individuals might need to include the consideration
of potential functional benefits of weight loss (39), how-
ever, any weight loss (whether intentional or not) in older
persons may have potentially harmful effects by promoting
sarcopenia, bone loss, nutritional deficiencies, disability and
even excess mortality (36,37,560,57). It is therefore of ut-
most importance for these individuals to achieve a gain (or
as a minimal requirement, avoiding a loss) of muscle mass
while losing excess fat mass. This implies that it is advisa-
ble to judge the benefits of any intervention in such obese
(but also in in non-obese) frail participants not according to
(change of) body weight, but instead to focus on changes
in body composition and, most importantly, on functional

outcome parameters.

The goal of maintaining muscle is most effectively achieved
by adding physical activity and/or exetcise components (58).
Indeed, in the few studies with older adults conducted in
this field, any intervention including nutritional changes
with the goal of losing weight provided the best functional
results when combined with exercise as a supporting fac-
tor (36,39,59-61). However, taking into consideration the
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“obesity paradox” (57) (several meta-analyses indicate that
being overweight up to a BMI of 30 kg/m? or even motre
may protect older persons against mortality and morbidity),
and that the harmful effects of obesity only increase at a
BMI >30 kg/m? or more, for every frail obese individual
the necessity of weight loss has to be really thoroughly re-
flected (57).

WHOLE DIET APPROACH

A major problem regarding the use of single nutrients in
frailty prevention and therapy is that people do not eat single
nutrients, but foods and meals containing a whole range of
interacting constituents. Therefore it may be more appro-
priate to consider the influence of the whole diet on frailty,
and also on its key components sarcopenia and functional
decline (10,18,62). Indeed, some epidemiological studies
have indicated that high adherence to “healthy” dietary pat-
terns such as the currently best-investigated Mediterranean
diet (characterised by high consumption of nutrient-dense
foods such as fruits and vegetables, wholemeal cereals and
oily fish, but low intake of saturated fats (18,62,63) in older
adults is associated with a lower risk of frailty (17,28,64),
or with greater muscle strength and/or better functional
performance (10,64,65). However, research in this field has
only started recently (63), and there is still a paucity of data
regarding the effects of certain food groups and/or dietary
intake patterns on the risk of frailty in older age.
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Abstract: Traditionally, frailty has been understood as a
biological syndrome associated with bad health-related
outcomes. However, nowadays there are no universally
accepted diagnostic criteria for this syndrome, much less
studies approaching it from a non-biological framework.
Some previous work has been able to highlight social fac-
tors as important features implicated in the development
of this entity, and are now recognized as relevant to under-
stand frailty. However, research in this field is still limited. It
seems clear that social factors, often ignored in the medical
context, might represent risk factors for the development
of this geriatric syndrome. To identify these factors, as well
as their role in the physiopathology of frailty, could be of

SOCIAL FACTORS AS DETERMINANTS
OF FRAILTY STATUS

Social determinants of health
Nowadays, it is clear that health inequities arising from the
societal conditions in which people are born, grow, live,
work and age, are all social determinants of health. These
include early years’ experiences, education, economic sta-
tus, employment and work conditions, housing and envi-
ronment, and access to effective systems of preventing and
treating ill health. In addition, research on the determinants
of adult and old-adult health recognizes the need to incor-
porate earlier life circumstances. The scarcity of longitudi-
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great importance in order to establish potential multidi-
mensional models to treat frailty. A life course approach to
determine the correlates and trajectories of frailty seems to
be necessary. The allostatic load through life and chronic
inflammation in the elderly are potential mediators of this
relationship. Therefore, social profile should be systemat-
ically assessed and taken into account when evaluating an
elderly person. So, the present review proposes how to in-

clude social factors as another determinant of frailty.

Key words: Frailty, social factors, allostatic load,immu-

nosenescence, disability.

nal and nationally representative studies with extensive in-
formation on socioeconomic status and health status gives
us an opportunity to understanding how early, middle, and
late life factors influence the life cycle trajectory of health
and thus of frailty (1).

Life course perspective
Since the seminal paper by Ben Shlomo and Kuh (2), a
number of studies have reported associations between
socioeconomic status (SES) and health in adulthood with
consistent evidence that the socioeconomically disadvan-
taged have higher prevalence of chronic disease and rates
of mortality than the more advantaged. Evidence also in-
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dicates that socioeconomic disadvantage in childhood is
associated with a range of adverse health-related outcomes
in adulthood often independent of adult SES. Childhood
SES, through its association with a range of factors, in-
cluding growth and eatly life nutrition, may influence the
peak level of physical capability attained in early adulthood,
thereby affecting levels later in life. Adverse effects of SES
may also accumulate across the life course. Poor adult SES
is associated with worse objectively measured physical per-
formance levels, and it has been recently shown that this ef-
fect is also seen with childhood SES independently of adult
SES (3). Such an association has important implications for
the development of interventions programs targeting frail
persons and the prevention and improving the physical ca-
pability levels of elderly.

The specific aging experience of some populations, char-
acterized by poverty and poor social conditions along
with high comorbidity, disability and a scarcity of health
and social services, has only recently been recognized. Re-
search among Latin American older persons arising from
the SABE (Salud Bienestar y Envejecimiento; Spanish
for Health, Well-being and Aging) survey, a multicentric
cross-sectional study involving 10,661 men and women 60
years and older in seven large Latin American cities (4), in-
dicates that a poor material environment during childhood
is associated with poor physical functioning and mental
health. In the same vein, they have shown that a differential
exposure and vulnerability to social and biological factors
among men and women are associated with gender differ-
ences in physical function and mental health. In addition,
social and health conditions of the life course were associ-
ated with the phenotype of frailty, and that differential ex-
posute and/or vulnerability to social and health conditions
of life course may account for gender differences in frail
persons. This association between life course factors and
frailty increases our understanding about the social origins
of frailty.

Disadvantages existing in eatly life and reproduced along
the life course may then account for the syndrome of phys-
ical frailty. New theoretical models aiming to explain gender
and social differences in frailty status should emphasize the

use of a life course perspective.

Social and life-style correlates of frailty
Thus, social factors are now recognized as relevant to un-
derstand frailty. However, research into the prevalence of
frailty and its correlates, particularly social influences, is still
limited. A group in Hertfordshire, at the United Kingdom,
using data from the Hertfordshire Cohort Study, has shown
that frailty (defined by the Fried et al. criteria) is partly de-

termined by social inequalities across levels of education,

home ownership, and car availability. These results seem to
be mediated by co-morbidities that occur more frequently
among socially disadvantaged individuals (5). On the other
hand, previous research in Latin American elderly has also
found that social factors such as poorer socio-economic
conditions, little education, non-white-collar occupation, or
insufficient income are more frequently present in frail sub-
jects. Recent findings in a Mexican cohort partially replicate
those previously reported. A cross-sectional analysis of the
Mexican Study of Nutritional and Psychological Markers
of Frailty (the Coyoacan cohort) (6), has shown that not
having a partner, not participating in important decisions,
and having a poor self-perceived economic situation were
all correlates of prevalent frailty. In addition, those receiv-
ing a pension were protected against frailty, which may be
a reflection of having better life conditions and access to
health-care of these participants. The sum of these factors
might traduce a socially adverse environment increasing
the odds for elderly to be frail. However, a longitudinal ap-
proach is needed in order to better understand this associ-

ation.

It seems clear that social factors, often ignored in the med-
ical context, might represent risk factors for the develop-
ment of frailty. Therefore, social profile should be system-
atically assessed and taken into account when evaluating an
elderly person for the development and implementation of

multidimensional prevention and treatment programs.

Trajectories of frailty as a function of social vulnerability
This longitudinal approach has been thoroughly explored
in the Health and Retirement Survey (7), where the frailty
index (FI) for cohorts born before 1942 exhibit quadratic
increases with age and accelerated increases in the accu-
mulation of health deficits. At any age, females, non-white
individuals, and those with lower education and income ex-
hibit greater degrees of deterioration than their male, white,
and higher SES counterparts. Patterns of sex, race, and SES
differentials in rates of aging vary across cohorts. The au-
thors report that adjusting for social behavioral factors, the
analysis provides evidence for physiological differences in
the aging process among older adults. Their results allow
concluding that the expression of biological aging and the
accumulation of general system damage do not follow the
same path, under different circumstances, within a human
population. In fact, individuals’ slopes of change with age
are sensitive to the social conditions in which they are em-

bedded.
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MECHANISMS AND MEDIATORS

Allostatic load

There is a growing interest in understanding how the ex-
perience of SES adversity across the life course may ac-
cumulate to negatively affect the functioning of biological
regulatory systems, which are important to functioning and
health in late adulthood. In this vein, allostatic load (AL)
is conceptualized as a cumulative index of wear and tear
across multiple physiological systems involved in the body’s
effort to adapt to internal and external stressors over time.
AL has been examined as a preclinical physiological marker
of risk for adverse health-related outcomes. Recent anal-
yses indicate higher AL as a function of greater SES ad-
versity at each phase of, and cumulatively across, the life
course. This association is only modestly attenuated when
accounting for a wide array of health status, behavioral, and
psychosocial factors (8). So, SES adversity experience may
cumulate across the life course to have a negative impact on
multiple biological systems in adulthood. Then, AL could
be related to an indicator of decreased reserves such as
frailty. In fact, higher baseline value for the AL score has
been associated with greater likelihood of frailty in two re-
cent surveys. In the MacArthur Successful Aging Study (9),
higher levels of AL were associated with greater probabil-
ity of development of frailty over a 3-year follow-up in a
sample of initially high-functioning older adults. This asso-
ciation remains even after adjustments by for co- occurring
physical disability and co-morbidity, which may be associ-
ated with alterations in biomarker levels. In the Women’s
Health and Aging studies, regression models showed that
by one unit of increase in the AL score was associated with
increasing strata of frailty (OR = 1.16; 95% CI = 1.04 to
1.28) adjusting by race, age, education, smoking status, and
co- morbidities (10).

Inflammation

Disturbances in many interacting physiological systems
may contribute to decrease tresilience face to adverse stress-
ors, and will need systems biological approaches to analysis.
Inflammation contributes to these alterations, which are
determined and feeding back by alterations in the immune
system with aging,

Being as the potential ill effect of a lower SES can be ob-
served across such a wide range of such conditions, it sug-
gests a common biological mechanism through which SES
adversity is related to health. The underlying hypothesis of
this general conceptual model is that those with a lower
SES are subject to environmental, psychological and behav-
ioral characteristics, and experiences that more often put
demands on these biological systems, leading to greater sys-
tem wear and tear over time, and subsequently enhancing
risk for poor health and functioning. Evidence for SES gra-

dients in biomarkers of these potential physiological path-
ways to disease is increasing. Lower SES, assessed by sev-
eral indicators (e.g.: education, income, occupational status,
financial strain, etc.), has been associated with more “risky”
patterns of biological functioning, including higher levels
of hormones, which have been hypothesized to be elevat-
ed under conditions of stress. Sympathetic nervous system
and hypothalamic-pituitary- adrenal hormones axis, poorer
metabolic profiles or higher circulating levels of C-reactive
protein, fibrinogen, and other indicators of inflammatory
burden have also been found to be increased among those
with lower SES. This effect is further complicated by the
higher occurrence of chronic diseases associated with, or
driven by, chronic inflammation. There is likely a final com-
mon pathway for interactions of these many factors alter-
ing the immune response to infections and leading to the
increased prevalence and incidence of chronic inflammato-
ry diseases. The clinical burden most likely resulting from
such immune dysregulation could be overwhelming. Thus,
understanding the pathophysiological basis of frailty would
be of great importance as a handle for manipulation and,

eventually, prevention.

Although it is currently very difficult to assign a defini-
tive and unique biological pathway to frailty, inflammation
could eventually take this role. This means that inflamma-
tion should already be considered an important target for
prevention and intervention to investigate whether this
would decrease the incidence of frailty in the elderly popu-
lation. Despite these reservations, it is still worthwhile to try
to intervene. In the meantime, our research efforts should
continue to elucidate the pathophysiological basis of frailty
in order to design better interventions to improve the qual-
ity of life of the elderly in the rapidly increasing aging pop-

ulations of the developed, and even developing countries.

SOCIAL FACTORS AS MODULATORS OF FRAILTY
OUTCOMES

Social vulnerability is related to the health of elderly people,
but its measurement and relationship with frailty is contro-
versial. In order to compare social vulnerability and frailty,
and to study social vulnerability related to mortality, An-
drew et al (11) have tried to operationalize social vulnerabil-
ity according to a deficit accumulation approach. They have
shown how it increases with age, women having higher in-
dex values than men. It also tends to be higher amongst
people who are frail, and it is associated with higher mortal-
ity, independent of frailty. Nevertheless, social vulnerability
was shown to be only weakly to moderately associated with
frailty. The authors consider that both frailty and social vul-
nerability may be related, they seem to be distinct, particu-
larly since each contributes independently to mortality.
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Figure 1

Levels of influence of socioeconomic status (SES) on frailty and its outcomes. Modified from: (18)
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In the Dutch experience (12), social vulnerability has been
approached as “social frailty”, and it has been measured
through the Tilburg Frailty Indicator on the basis of three
criteria: living alone, lack of contacts, and lack of sup-
port. If someone meets at least two of these three criteria,
they are considered as socially frail. Those individuals in
this category will not necessarily become physically frail,
or be admitted to a care or nursing home or will die. The
observed relationship between social and physical frailty
could strengthen if other indicators of social frailty were
used. Research has shown that health problems can lead to
shrinkage of personal networks and withdrawal from social
contacts (13). In the English Longitudinal Aging Study (14),
neighborhood deprivation and individual socioeconomic
status were independently associated with frailty in commu-
nity-dwelling older people. FI scores were higher in those
with low individual socioeconomic resources who also lived
in deprived neighborhoods. In a survey in several Hispanic
communities in the southern United States (15), respond-
ents at risk of increasing frailty lived in a less ethnically dense
Mexican-American neighborhood, were older, do not have
private insurance or Medicare, had higher levels of medical
conditions, had lower levels of cognitive performances, and
reported less positive affect. In this population, personal
as well as neighborhood characteristics confer protective
effects on individuals’ health. Besides a protective envi-
ronment, engagement in productive activities is also pos-
itively associated with physical and psychological health as
well as survival of older adults. It has also been shown that
high-functioning older adults who participate in productive
activities are less likely to become frail, even after adjusting
for age, disability, and cognitive function. Activities such as

volunteering, but not childcare or paid works, have been
independently associated with a lower cumulative odd of
frailty (16). Another seemingly useful dimension of social
functioning is “life space” defined upon the distance a per-
son routinely travels to perform activities. Determining
how far and how often the person leaves his or her place
of residence and the degree of independence has been
shown useful to predict frailty (17). Multivariate survival
models showed that, in comparison to women who left the
neighborhood four or more times per week, those who left
the neighborhood less frequently were 1.7 times (95% CI:
1.1 to 2.4; p<0.05) more likely to become frail, and those
who never left their homes experienced a threefold increase
in frailty-free mortality (95% CI: 1.4 to 7.7; p<0.01), af-
ter adjustment for chronic disease, physical disability, and
psychosocial factors. Together, these results suggest that a
slightly constricted life space may be a marker and/or risk
factor for the development of frailty that may prove useful
as a screening tool or a target of intervention. The Life
Space Assessment scale measures mobility in terms of the
spatial extent of a person’s life and has been shown to be

useful for this purpose.

Based on this evidence, the relationship between physical
and social frailty may thus be stronger; further research on
the different indicators of objective and subjective social
frailty could provide more clarity. The implication for meas-
uring frailty is that social frailty items should be included in
the measure, but perhaps should not be given the greatest
weight in assessing frailty. Consideration could even be giv-
en to starting from a minimum criterion for physical frailty

when determining the frailty of an individual, supplement-
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ed by social frailty. Although much work remains to be
done to characterize social vulnerability among the elderly,
we need to recognize that it plays a role in modulating the
adverse health-related outcomes of frailty.
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Abstract: Despite its interest, frailty is not yet adequate-
ly implemented in the everyday clinical practice. Frailty is
characterized by an initial functional loss which 1) still al-
lows the individual to be independent in the daily life (al-
though with some difficulties), and 2) may be reversed by
targeted interventions. In the present article, we discuss:
Why frailty is clinically relevant? Why frailty has not yet

INTRODUCTION

One of the challenges for our society is the prevention of
age-related disabilities and dependency. The number of se-
verely dependent older adults is projected to rise from 350
million in 2010, to 488 and 614 in 2030 and 2050, respec-
tively (1). Geriatric medicine has consequently to modify it-
self and adapt its practice in order to adequately counteract
such dramatic scenario.

Geriatric medicine started to be systematically developed
approximately 40 years ago when the increasing number of
older adults with disability and dementia admitted to hos-
pital emergency units threatened the sustainability of the
healthcare organizations. Today, almost 95% of the geri-
atric medicine forces are devoted to the care of age-relat-
ed disabilities. The epidemiological scenatrio and the high
healthcare costs required for the management of dependent
individuals require the adoption of strategies aimed at pre-
venting the loss of physical function and anticipate the take

been implemented in daily clinical practice? How to imple-
ment frailty into clinical practice following the Gérontopole
experience? Intervention to be effective must be targeted,

strong, and maintained.

Key words: Frailty, intervention, clinical practice, sarcope-

nia.

in charge of older persons at risk of negative outcomes.
For these reasons, more and more medical specialties (e.g.,
oncology, cardiology, neurology...) has started looking with
greater interest at the geriatric experience simply because
they have found themselves at treating geriatric conditions
and geriatric patients in their daily routine practice.

In order to objectively define the condition of risk preced-
ing disability and representing the ideal target for ad hoc
preventive interventions, the scientific community has de-
veloped and described the so-call frailty syndrome. Such
catly stage of the disabling cascade is characterized by an
initial functional loss which 1) still allows the individual to
be independent in the daily life (although with some diffi-
culties), and 2) may be reversed by targeted interventions
(2-14). In theory, older persons might be classified in three
groups, each one with specific necessities and peculiarities
to consider in the clinical practice:

a. Older adults in overall healthy conditions (i.e., robust).

These individuals may present diseases and clinical con-
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ditions (e.g.,, hypertension, diabetes, history of treated
malignancies, vascular diseases...), but these are not af-
fecting their physical function and quality of life. Rough-
ly, older persons represent between 50 and 60% of older
adults (7).

b. On the other hand, we have older persons presenting
disabilities. These individuals (dependent for the perfor-
mance of basic activities of daily living, such as eating,
walking, dressing, bathing, toileting, personal hygiene)
are confined to their houses or reside in nursing homes.
At old age, the condition of disability is hard to be re-
versed, especially if it is due to chronic and degenerative
disorders. Disabled elders represent approximately 10%
of the population aged 65 years and older, but are the
vast majority of patients usually seen in geriatric depart-
ments. The maintenance of an efficient healthcare system
necessarily passes through the prevention of such cata-
strophic condition. After all, primary aim of geriatrics
is indeed the extension of disability-free life expectancy.

c. The third group is composed by frail older adults (ap-
proximately 30 to 40% of older persons aged 65 years and
older). The frailty condition has often been operational-
ized using the criteria proposed and validated by Fried
and colleagues, the so-called « frailty phenotype » (4).
It is assessed by consideting five signs/symptoms: un-
intentional weight loss, muscular weakness, exhaustion,
slow gait speed, and sedentary behavior. The individu-
al is considered as « frail » if presenting three or more
of these criteria, and « pre-frail » in the presence of one
or two. Studies indicate that non-disabled pre-frail and
frail older persons represent about 30% and 10% of the
community- dwelling older population, respectively. It
is noteworthy that frail elders are a group of individuals
with major unmet medical needs, mainly because not fre-
quently referring to clinical services. Nevertheless, this is
indeed an optimal target population for developing effec-
tive programs aimed at preventing disability in the elderly.
In fact, these individuals are not disabled, but present an
extreme vulnerability to stressors and a high risk for ma-

jor negative health-related outcomes (8, 15).

In the present article, we will discuss:

— Why frailty is clinically relevant

— Why frailty has not yet been implemented in daily clinical
practice

— How to implement frailty into clinical practice following
the experience of the Gérontopdle?

WHY FRAILTY IS CLINICALLY RELEVANT

Using the previously mentioned frailty phenotype, a study
conducted in a large cohort study including a population

representative of several European countries found that
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pre- frail and frail elders are highly prevalent in our socie-
ties (about 40% and 10%, respectively) (16). These findings
have been confirmed by a more recent systematic review
taking into account studies also from other continents (17).
The frailty syndrome is strongly related to an increase risk
of major health- related outcomes, including severe disa-
bility, hospitalization, institutionalization, and mortality
(4, 17-23). Frail older persons are not exposed to negative
outcomes, but (if left untreated) will generate a relevant
consumption of healthcare resources in the next future (3).
Moreover, evidence exists that effective and multidimen-
sional interventions (largely based on the comprehensive
geriatric assessment) in frail individuals may prevent func-
tional decline, institutionalization, and mortality (24-20).
The role of geriatric medicine is indeed to much more fo-
cus on the preservation of the older person’s physical func-
tion. It is not surprisingly, for example, that the concept of
«dismobility» (parallel to that of frailty) was recently pro-
posed by Cummings and colleagues (and operationalized
as a gait speed slower than 0.6 m/sec) (27). The loss of
capacity in mobility increases with age in both men (from
1.2% between 50 to 54 years up to 31% after 85 years of
age) and women (from 0.4% between 50 to 54 years up
to 52% after 85 years of age). Such relevant burden (for
the person as well as for the society) implicitly indicate the
need of developing services and practices for «novel» clin-
ical conditions, peculiar of the still not sufficiently studied
growing older population.

WHY FRAILTY HAS NOT YET BEEN IMPLEMENTED IN
DAILY CLINICAL PRACTICE

Despite its interest, frailty is not yet adequately implement-
ed in the everyday clinical practice. We may identify three
main reasons:

* Up to few years ago, geriatric medicine was not suffi-
ciently strong from an academic viewpoint. This has been
changing in these last years and geriatrics has assumed a
more relevant position in many counttries.

* Public policies have not adequately considered the costs
of aging population. Today, a restructuring of healthcare
systems is becoming urgent in order to face the increasing
(absolute and relative) number of elders seeking for care.

e In parallel, the interest of pharmaceutical industries has
started to become attracted by the geriatric syndromes.
Age-related conditions (e.g:, frailty) may not be so clear
and straightforward as traditional diseases (e.g., diabetes,
hypertension...), but are largely prevalent suggesting in-
teresting marketing perspectives.

It means that some barriers (or red lights) have being passed

(and lights are becoming green)!

The number of publications indexed in PubMed about

frailty is exponentially increasing (Figure 1). International



WHITE BOOK

meetings such as the International Conference on Frailty
and Sarcopenia Research (ICFSR) attract a growing num-
ber of participants with a parallel improvement of quantity
and quality of scientific data in the field (28). New drugs
are under development in the domain of sarcopenia (i.e.,
the age-related skeletal muscle decline, a cornerstone of
the frailty syndrome). Frailty is today becoming one of the
priorities for international institutions, including the Eu-
ropean Commission and the Wotld Health Organization.
Major scientific projects have been recently funded from
European Agencies such as the Innovative Medicines In-
itiative (IMI), for example the SPRINT-T study (29). The
Journal of Frailty & Aging is becoming widely diffused (30)
and some web sites (e.g., “Implementing Frailty into Clini-
cal Practice” (31) or the French site “Ensemble prévenons
la dépendance” (32) help the diffusion of knowledge and

awareness on the theme.

Figure 1

The evolution of number of publications on Frailty from 1950 to 2014
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HOW TO IMPLEMENT FRAILTY INTO CLINICAL PRACTICE
FOLLOWING THE EXPERIENCE OF THE GERONTOPOLE?

The Gérontopole has been missioned twice by the French
Ministry of Health. The first mandate was received under
the Nicholas Sarkoz’s presidency, the second (few months
later) from Francois Hollande. In both documents, the
Gérontopole is asked to:

a. Implement screening procedures for identifying frail el-
ders in order to target preventive strategies against disa-
bility

b. Design and develop frailty clinics aimed at proposing
person-tailored and multidomain interventions against
disability

c. Designing models of long-term preventive interventions
against disability

d. Promote the prevention of iatrogenic disability in hospi-
talized frail elders.

Every intervention in medicine (and especially in geriatrics)

will be effective only if optimally targeted, powered, and

maintained.

THE SCREENING OF FRAILTY FOR IDENTIFYING THE
TARGET POPULATION

As mentioned, frail elders represent an optimal target for
interventions against disability because 1) not yet experienc-
ing the outcome of interest, and 2) expressing a potential
for risk reversibility. It is likely that the cost-effectiveness of
targeting this population may also be convenient (3, 8). To
facilitate the screening of frail elders in the clinical practice,
multiple instruments have been developed. Of particular in-
terest, the FRAIL instrument by Morley and colleagues (33)
and the Gérontopole Frailty Screening Tool (GFST) (34-30)
(Figure 2). The GFST is specifically designed to be used by
general practitioners (GPs). It first supports the GP in the
evaluation of the main frailty criteria (according to the frail-
ty phenotype). In the case one or mote frailty signs/symp-
toms ate presents, the GP is then invited at expressing his/
her clinical judgment about the vulnerability of the subject.
It is only then that the GP (according to his/her clinical
judgment) is invited at referring the patient to a frailty clin-
ic. Such design of the instrument prioritizes the subjective
impression of frailty provided by the clinician. Moreover,
it will directly involve the GP in the future care of the frail
person after the frailty clinic will release the person-tailored
recommendations (thus guaranteeing adherence to them).
We found that almost 95% of the patients referred to our
frailty clinic by the mean of the GFST were indeed frail and
at risk for disability (37, 38), implying the efficacy of the in-
strument for its task. The GFST was also recently approved
by the French National Authority for Health [Haute Au-
torité de Santé (HAS)] as the national tool for the detection
of frailty in older persons aged 65 years and older (39). The
instrument has also been translated in several languages and
validated (versus standard assessment tools of frailty and
disability) by a recent European initiative (31, 40) (Figure 2).
A self-reported screening tool for detecting community-
dwelling older persons with frailty syndrome in the absence
of mobility disability (i.e., the FIND questionnaire) has
also been recently validated by our group (41). The ques-
tionnaire can be sent by mail or completed over a phone
interview. This tool is specifically designed for large-scale
campaigns in the population. It enables the individual to au-
to-detect his/her health profile, raising awareness about the
possible need of medical attention. In other words, positive
results at the FIND questionnaire should encourage the in-
dividual at looking for a medical evaluation. The GP (pos-
sibly with the GFST) will then judge whether the condition
of risk for disability indeed exists ot not, taking the proper
countermeasures if necessary. The FIND questionnaire is

validated and has also been translated in several languages
(31) (Figure 3).
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Figure 2
The Gérontopéle Frailty Screening Tool (GFST) for the detection of frail older patients (Vellas et al. ] Nutr Health Aging 2013;17:629-631)

—
Toulouse

L1 GERONTOPOLE

Patients aged 65 years and older without both functional disability (Activities of Daily Living score > 5/6) and current
acute disease

YES NO DON’T
KNOW
Does your patient live alone? O O O
Has your patient involuntarily lost weight in the last 3 months? O O O
Has your patient been more fatigued in the last 3 months? O O O
Has your patient experienced increased mobility difficulties O O O
in the last 3 months?
Has your patient complained of memory problems? O O O
Does your patient present slow gait speed (i.e., >4 seconds O O O
to walk 4 meters)?
If you have answered YES to one or more of these questions:
Do you think your patient is frail? O YES ONO
If YES, is your patient willing to be assessed for his/her frailty status at the O YES O NO

Frailty Clinic?

Figure 3
The self-reported screening tool for detecting community-dwelling older persons with frailty syndrome in the absence of mobility disability
(The FiND Questionnaire) - English version (Cesari et al. PLoS One 2014;9:€101745)

D i Questi Answers Score
Disability A. Have you any difficulties at walking 400 meters? a. No or some difficulties 0
b. A lot of difficulties or unable 1
B. Have you any difficulties at climbing up a flight of stairs? a. No or some difficulties 0
b. A lot of difficulties or unable 1
Frailty C. During the last year, have you involuntarily lost more than 4.5 kg? a. No 0
b. Yes 1
D. How often in the last week did you feel than everything you did was a. Rarely or sometimes 0
an effort or that you could not get going? (twice or less/week)
b. Often or almost always 1

(3 or more times per week)

E. Which is your level of physical activity? a. Regular physical activity 0
(at least 2-4 hours per week)

b. None or mainly sedentary 1

If A+B=1, the individual is considered as “disabled”.

If A+B=0 and C+D+E=1, the individual is considered as “frail”.
If A+B+C+D+E =0, the individual is considered as “robust”.
doi:10.1371/journal.pone.0101745.t001
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Table 1

Settings, target population, persons involved, and possible tools for the evaluation of frailty

Setting Population

Community Health
Promotion Program

Older persons living in the
community

Pre-frail and frail older
persons

Outpatients’ Clinic
for Frailty

Pre-frail and frail older
persons (usually more
complex cases)

Day Hospital for
Frailty

Persons involved

Responsible for the screening campaigns (e.g.,
municipalities, health insurance, public health
authorities...), researchers involved in large-scale studies

Responsible for the referral to the clinic: GP, healthcare
professional, Geriatrician, individual or his/her proxies
Responsible for the assessment at the clinic: GP
(specifically trained), Geriatrician

Responsible for the referral to the day hospital: GP,
Geriatrician Responsible for the assessment at the day
hospital: GP (specifically trained), Geriatrician

Possible Tool

FiIND Questionnaire

GFST

GFST (for referral only)
Frailty phenotype,
comprehensive
geriatric assessment

DEVELOPMENT OF FRAILTY CLINICS FOR AN
ADEQUATELY POWERED INTERVENTION

In the presence of frailty, the first action to take is the iden-
tification of the underlying causes. This will allow the defi-

nition of the most effective and tailored intervention.

Outpatients’ clinics for frailty
A first access to the frailty evaluation is possible at the so-
called « outpatients’ clinic for frailty ». In this setting, the
older person is referred by his/her proxies as well as health-
care professionals. The older person him/herself may inde-
pendently look for an evaluation in this setting;
In this setting, the physician assesses physical and cognitive
domains, social status, and clinical conditions. He/she then
provides his/her recommendations for preventing disabil-
ity. A geriatrician or a specifically trained GP can conduct
such frailty outpatient’s clinics. However, other health pro-
fessionals (e.g., nurses, dieticians, physical therapists, neu-
ropsychologists) should be available in the case of a single
and specific recommendations might be needed.
If the older person is found to present a light-mild stage
of frailty in the absence of complex comorbidities, the
frailty assessment and intervention will be conducted and
concluded during such ad hoc outpatient consultation.
If the problem appears to be more complicated (e.g., objec-
tive cognitive impairment, malnutrition, depression...) and
requiring a multidisciplinary intervention, the patient will
then be referred to the frailty day hospital (38).

Day hospital for frailty
Frail older persons admitted to the day hospital for frailty
undergo a comprehensive geriatric assessment. The activ-
ities of the Gérontopole day hospital for frailty have been
described in previous papers (37, 38). The characteristics of
persons admitted to this service are summarized in tables

2 and 3. Our population was found to be old (mean age

82.9 years), and composed in majority by women (69%).
More than 40% of the evaluated persons lived alone; our
sample presented mean number of comorbid conditions
of 4.8. According to the frailty phenotype, 423 patients
(39.1%) were pre-frail, and 590 (54.5%) frail. The mean
score at the Activities of Daily Living (ADL) scale was
5.5/6. This shows that subjects wete still autonomous for
basic activities of daily living, although an initial functional
decline was present (and highlighted by the reduced score
at the Instrumental ADL, mean score 5.6/8). A relevant
part of the sample (37.9%) presented history of falls. The
mean usual gait speed was 0.78 m/sec, and 74.4% present-
ed a score equal to or lower than 9 at the Short Physical
Performance Battery (SPPB), indicating a moderate to high
risk of disability. Early dementia was observed in 14.9%
of the patients referred to our frailty day hospital, 51.5%
had a Clinical Dementia Rating score of 0.5 reflecting mild
cognitive impairment. Protein-energy malnutrition was re-
ported in 8% of the evaluated subjects, and about 40% of
the sample presented risk of malnutrition.

For what concerns the proposed Personalized Prevention
Plan (PPP), it is noteworthy that in 54.6% of the subjects
we identified at least one medical condition requiring med-
ical attention, and in 32.8% substantial therapeutic chang-
es were required. A nutritional, physical activity, and social
interventions were proposed in 61.8%, 56.7%, and 25.7%
of the cases.

It is thus evident that without our process of screening,
assessment and intervention, this population would have
remained exposed to uncontrolled medical conditions and/
or difficulties, that is feeding the vicious cycle ending in the
onset of negative health outcome. Since October 2011 (and
up to August 2014), 1,841 frail older persons have been
evaluated at the Gérontopole Frailty day hospital.
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Community health promotion program
Community health promotion programs should be devel-
oped under the initiative of health authorities, municipal-
ities, and health insurances. We have developed such pro-
gram in a rural area in Midi-Pyrénées region (the MINDED
Program) with the support of the Agence Nationale de la
Recherche (ANR) (40). The self-reported screening tool for
detecting community-dwelling older persons with frailty
(the FIND questionnaire) was specifically developed within
the context of this study. We are now extending such pro-
grams in urban communities: in the suburbs of Toulouse
(city of Cugnaux) as well as in some low-income districts
characterized by high prevalence of elders (e.g., Empalot
district). All these programs are done in collaboration with
the GPs, pharmacists, and health professionals.

PROLONGED INTERVENTION

Frail subjects usually present comorbidities and require
powered and prolonged interventions in order to meet cri-
teria of effectiveness. For this reason, the support of GPs
is particularly important. The intervention should be prac-
tical and feasible. At the end of frail person’s assessment
at the frailty day hospital, the proposed interventions are
discussed with the subject and members of his/her fam-
ily (if possible). The referent GP is also contacted on the
same day. Two weeks after the assessment, a nurse calls the
frail person to verify that the proposed recommendations
have been put in place, and discuss about potential issues.
After one month from the initial evaluation, the nurse car-
ries out a second phone contact. In this case, she fills out a
questionnaire assessing the impact of intervention on the
subject’s general health and function. An annual follow-up
visit at frailty day hospital is also proposed to most of the
frail persons. For those who present a particularly high
risk of disability, a shorter delay between follow-up visit is
adopted. The intervention is usually multi-domain (simul-
taneously including physical and cognitive exercises, nutri-
tion intervention, social intervention, and/or control of
comorbidities and risk factors). However, stronger action is
usually foreseen for one (pivotal) domain according to pri-
orities generated by the comprehensive geriatric assessment
and the subject’s needs/resources. Overall, the physical and
cognitive interventions are similar to those we previously
adopted in the MAPT study (42). The MAPT intervention
proposed two sessions per week (for the first month), one
session per week (for the second month), and then one ses-
sion per month thereafter. We are planning to implement
in the next future the use of novel technologies to support
the monitoring of the subjects’ physical and cognitive func-

tions as well as their nutrition status and behaviors.

Table 2

Baseline socio-demographic characteristics of the G.F.C population
(n=1,108) (Tavassoli et al. ] Nutr Health Aging 2014; ] Nutr Health
Aging 2014;18:457-64)

Characteristic G.F.C population

(n=1,108) Mean =
SD or n (%)

Age (y), n=1,708 82.9+6.1
Gender (female), n=1,108 20 (69.0)
BMI (kg/m?), n=698 25.9%5.1
Living home alone, n=1,083 460 (42.5)
Mean number of comorbidities/person 4.8+3.0
Comorbidities (all types), n=560 487 (87.0)
Heart diseases 149 (26.6)
Vascular diseases 345 (61.6)
Endocrine or metabolic disorders 145 (25.9)
Chronic pulmonary diseases 88 (15.7)
Neurological diseases 86 (15.4)
Psychiatric disorders 96 (17.1)
Renal, urological or genital disorders 142 (25.4)
Gastrointestinal or liver diseases 135 (24.1)
Osteo-articular diseases 227 (40.5)
ORL or ophthalmology disorders 130 (23.2)
Cancer or malignant blood diseases/AIDS 165 (29.5)
Fall history in last 3 months, n=285 108 (37.9)
Having any kind of human help, n=1,105 767 (69.4)
Home maid 575 (52.0)
Old age allowance 190 (17.2)

BMI, Body Mass Index; G.F.C, Geriatric Frailty Clinic; ORL, Oto-
Rhino-Laryngologist

Implementation at the regional level
(Midi-Pyrénées region)

The Gérontopdle in collaboration with the Midi-Pyrénées
Regional Health Authority [Agence Régionale de Santé
(ARS)] has deployed the activity of frailty in all the eight
departments (healthcare areas) of the Midi-Pyrénées region
(South-West of France).

To make this possible, we created the “Regional team for
aging and prevention of disabilities” [Equipe Régionale
Viellissement et Prévention de la Dépendence (ERVPD)].
This team includes not only the chair and co-chair of the
departments of geriatrics of the main hospitals of the re-
gion, but also more than 700 volunteers working in the field
of geriatrics [i.e., 305 physicians, 110 directors of health
facilities, 59 directors of social and medical facilities (nurs-
ing home, home care...), 57 nurses...]. We have conducted
multiple actions with this team on the topic of frailty and
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prevention of disability. For example, we have distributed
more than 70,000 brochures throughout the Midi-Pyrénées
region [published by the French Mutuality (Mutualité
Francaise)] for raising awareness about frailty and possibil-

ity to intervene.

Table 3
Baseline characteristics of the G.F.C population (n=1,108) (Tavassoli
et al. ] Nutr Health Aging 2014; | Nutr Health Aging 2014;18:457-64)

Characteristic G.F.C population (n=1,108)

Mean + SD or n (%)

Frailty status, n=1,082
Not frail 69 (6.4)
Pre-frail (1-2 criteria) 423 (39.1)
Frail (=3 criteria) 590 (54-5)
Frailty criteria, n=1,082 2.6+1.4
Unintentional weight loss, n=1,098 358 (32.6)
Feeling of exhaustion, n=1,083 353 (32.6)
Slow gait speed, n=1,065 547 (51-4)
Decreased muscle strength, n=1,084 722 (66.6)
Sedentariness, n=1,096 665 (60.7)
MMSE score (/30), n=1,071 24.6%4.9
CDR score (/3), n=1,039
CDR=0 353 (34.0)
CDR=0.5 531 (51.1
CDR=1 111 (10.7)
CDR=2 44 (4.2)
MIS score (/8), n=1,038 6.6+1.9
MIS-D score (/8), n=1,036 6.0+2.3
ADL score (/6), n=1,102 5.5£1.0
IADL score (/8), n=1,094 5.6+2.4
SPPB score (/12), n=1,063 7.3+2.9
Good performance (SPPB=10-12), 272 (25.6)
Medium performance (SPPB=7-9), 388 (36.5)
Poor performance (SPPB=0-6), 403 (37.9)
Gait speed (m/s), n=1,065 0.78+0.27
Wrist strength (kg), n=1,083 20.6+8.2
MNA score (/30), n=1,048 23.2+4.1
Good nutritional status (MNA>23.5) 550 (52.5)
Risk of malnutrition (MNA=17-23.5) 414 (39.5)
Malnourished (MNA<17) 84 (8.0)
\;Lt?’:ér; D concentration (ng/ml), 18,1413
<1ong/ml 343 (32:2)
11-29 ng/ml 563 (52.9)
=30 ng/ml 159 (14.9)
GDS score (/15), n=424 4.8£3.1
I(:’GreDsgz;)e of depressive symptoms 155 (36.6)
Abnormal distance vision, n=1,019 840 (82.4)
Abnormal near vision, n=1,039 232 (22.3)
Abnormal Amsler grid, n=1,060 177 (16.7)

HHIE-S score (/40), n=1,055 9.5+9.8
Significant hearing impairment
(HHIE-S>21) 330 (313)
Urinary incontinence score (/6), n=280 1.741.4
Urinary disorders causing discomfort
for everyday life (score=1) 215 (76.8)
OHAT score (/16), n=271 2.8+2.4
The mouth not considered healthy 6
(OHAT>4) 44 (16:2)

ADL, Activities of Daily Living [0 = Low (patient very dependent),
6 = High (patient independent)]; CDR, Clinical Dementia Rating
(o= no dementia, 0.5= very mild dementia, 1= mild dementia,

2= moderate dementia, 3= severe dementia); GDS, Geriatric
Depression Scale; G.F.C, Geriatric Frailty Clinic; HHIE-S,
Hearing Handicap Inventory for the Elderly - Screening; IADL,
Instrumental Activities of Daily Living [0 = Low (patient very
dependent), 8 = High (patient independent)]; MIS, Memory
Impairment Screen free; MIS-D, Memory Impairment Screen
delayed recall; MNA, Mini Nutritional Assessment; MMSE, Mini
Mental State; OHAT, Oral Health Assessment Tool; SD, Standard
Deviation; SPPB, Short Physical Performance Battery.

ACTIONS AGAINST IATROGENIC DISABILITY
OCCURRING DURING THE HOSPITALIZATION
OF THE FRAIL OLDER ADULT

It is very well known to both health professionals and gen-
eral public that hospitalizations often represent a cause for
further dependency in frail older adults. However, such risk
is usually accepted as a fatality. The loss of autonomy oc-
curring during the hospitalization to the frail elder is often
due to the non-adaptation of our healthcare services and
infrastructures to the needs of the aging population. It is
indeed a matter of raising knowledge and improving the
cultural background about aging and age-related conditions
among the healthcare personnel.

We have recently conducted a study at the Gérontopole
with the objective to determine the frequency, causes, and
the potential for preventing iatrogenic disability (43). We
assessed 503 hospitalized older persons aged 75 years and
more from 105 medical and surgical units of Toulouse Uni-
versity Hospital (the 4th largest hospital in France). The
study was conducted between October 2011 and March
2012. All the participants with a hospital stay of two days or
longer were included. Iatrogenic disability (i.e., determined
by the hospitalization) was defined as the loss of 0.5 points
or more on the ADL scale occurring between the time
from the hospital admission and the discharge. The prev-
alence of this condition was 11.9%. Among the 60 cases
of iatrogenic disability we identified, it was judged that 49
(81.7%) could have been potentially preventable. The main
factors associated with iatrogenic disability were the over-
use of diapers (49.0%), the transurethral urinary catheter-
ization (30.6%), the poor mobilization or excessive bed
rest (26.5%), and lack of encouragement in the mobility
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(55.1%). Due to the fact that around 30% of older adults
aged 75 years and older are hospitalized each year, actions
aimed at limiting iatrogenic disability may represent an im-
portant and cost-effective strategy to consider. It is urgent
to systematically act, as it has been doing for other condi-

tions (e.g., nosocomial infections).

COMMENTS AND RESEARCH DIRECTIONS: TARGETING
FRAILTY TO DEVELOP INNOVATION, CLINICAL
RESEARCH AND THE « SILVER ECONOMY »

Two domains appear to be of high priority to maintain au-
tonomous living with advancing age: mobility and memory.
In the recent years (and likely more in the future), the age-
related mobility loss has been studied in the framework of
sarcopenia. It is noteworthy that the SPRINT-T program
aims to operationalize a clinical condition simultaneously
combining frailty and sarcopenia. This may lead to the iden-
tification of an objective and clinical target for non-phat-
(e.g,
myostatin inhibitors currently under development) (44).

macological and pharmacological interventions

On the other hand, if we want to fight dementia we must
again work in the prevention and at its earliest stages. It is
interesting that more than 50% of the older adults seen at
our frailty day hospital have some objective cognitive im-
pairment. Thus, it becomes important understanding the
relationship between frailty and neurodegenerative disor-
ders (e.g, Alzheimer’s disease). This may help us at better
tuning the diagnostic procedures and interventions against
disabling conditions. In fact, it is possible that not all of

the subjects with cognitive impairment have or will develop
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Abstract: The frailty syndrome is a pre-disability condition
suitable to be targeted by preventive interventions against
disability. In order to identify frail older persons at risk of
negative outcomes, general practitioners must be provided
with an easy and quick screening tool for detecting frailty
without special effort. In the present paper, we present the
screening tool for frailty that the Gérontopdle of Toulouse
(France) has developed and implemented in primary care
in the region with the collaboration of the Department
of Family Medicine of the University of Toulouse. The
Gérontopole Frailty Screening Tool (GFST) is designed to
be administered to persons aged =65 years with no physical
disability and acute clinical disease. It is composed by an in-
itial questionnaire aimed at attracting the general practition-
et’s attention to very general signs and/or symptoms sug-

gesting the presence of an undetlying frailty status. Then,

INTRODUCTION

Although a growing body of literature demonstrates the
high prevalence and major clinical relevance of the frailty

syndrome in older adults, its implementation in the daily

in a second section, the general practitioner expresses his/
her own view about the frailty status of the individual. The
clinical judgment of the general practitioner is finally re-
tained for determining the eventual presence of frailty. Pre-
liminary data document that almost everyone (95.2%) of
the 442 patients referred to the Gérontopdle frailty clinic
by general practitioners using the GFST indeed presents a
condition of (pre-)frailty according to the criteria proposed
by Fried and colleagues in the Cardiovascular Health Study.
The use of the GFST may help at raising awareness about
the importance of identifying frailty, training healthcare
professionals at the detection of the syndrome, and devel-

oping preventive interventions against disabling conditions.

Key words: Preventive medicine, primary care, elderly; risk
factors, frailty.

practice is still lacking (1, 2). Geriatric medicine is very fo-
cused at taking care of older persons with disabilities, and
the attempts to anticipate the disabling cascade are still pre-
liminary and/or not sufficiently convinced. Nevertheless,
in order to reduce the burdens posed by disabilities (to the
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older person as well to the public health systems), it impor-
tant to preventively act, when clinical conditions of risk can
still be reversed or at least attenuated. The frailty syndrome
is today largely recognized as the pre-disability condition
more suitable to be targeted by preventive interventions
against disability (3, 4).

One of the major challenges in implementing preventive
interventions against disability resides in the need of re-
designing part of the current clinical standards. In fact,
the detection of frailty can be adequately conducted only
by anticipating the “medicalization” of the older subject.
Leaving undetected and/or untreated the frailty syndrome
means delaying possible interventions, rendering potentially
irreversible the process directed towards the spiral cascade
of disability. For this reason, it is necessary to take ade-
quate countermeasutes as soon as the first signs/symptoms
of frailty become manifest. In other words, it is needed to
identify subjects at risk before their vulnerability is made
evident by the onset of a major clinical event (e.g., falls,
emergency room admissions, hospitalizations). In this con-
text, a key role is played by general practitioners, primary
referents for the individual’s health as well as crucial for the
implementation of every preventive action. Regrettably, the
general practitioner’s activity is often too busy to foresee
the addition of new tasks or clinical duties to the daily rou-
tine. To efficiently and correctly identify frail older persons
among his/her patients, the general practitioner must be
supported, starting with the provision of an easy and quick
screening tool for detecting the frailty status without special
effort.

As previously described (5), since October 2011, we have
developed in Toulouse (France) an innovative clinical set-
ting specifically focused at targeting frailty with the aim
of preventing incident disability in community-dwelling
older persons. Such initiative, highly responsive to public
health demands (6), has been designed and developed by
the Gérontopole and the Department of Family Medicine
of the University of Toulouse. General practitioners in the
Toulouse area have been first educated to the concept of
frailty and the importance of detecting it in clinical practice.
Then, they have been trained at the use of a specifically
developed screening tool assisting their evaluation.

The Gérontopole Frailty Screening Tool (GFST, Table 1)
is designed to be applied to older persons (aged 65 years
and older) with no physical disability (defined by complete
preservation of the Activities of Daily Living (7)) and acute
clinical disease. Two different parts compose the instru-
ment. The first one appears as a questionnaire. Its main
objective is to attract the general practitionet’s attention to
very general signs and/or symptoms potentially indicating
the presence of an underlying frailty status. These questions
largely mirror the criteria that are commonly used to oper-
ationalize the frailty status (8, 9). For example, they remind

the general practitioner to pay attention to the gait speed
and mobility of the individual, his/her weight stability, or
the possible presence of exhaustion. This part also con-
tains a specific question about eventual memory complaints
of the subject (in agreement with current evidence linking
the cognitive and physical domain in the determination and
manifestation of frailty (10-13)) and another one about the
social status of the person (a major component to consider
in the design of preventive interventions against disability
(14, 15)).

This preliminary, almost pedagogic, section is then fol-
lowed by a second part in which the general practitioner
expresses his/her own view about the frailty status of the
individual. The clinical judgment of the general practitioner
is here used to determine whether, after the evaluation of
the previous criteria, he/she indeed believes the person is
frail or not. Only if he/she agrees with the results of the
first section identifying the possible presence of frailty, the
intervention is proposed.

It might be argued that the design of the GFST may leave
the detection of frailty to the subjective perception of the
general practitioner. Such choice is mainly motivated by two
reasons: 1) to avoid that a major clinical decision (i.e., refer-
ral of the individual to a clinical intervention) is solely left
to a screening tool, and 2) to directly involve the general
practitioner in the diagnosis and subsequent follow-up of
the detected condition. Moreover, although the final deci-
sion is left to the clinical judgment of the general practi-
tioner, it is still driven by the preliminary section listing the
main defining criteria of the frailty syndrome.

In the context of Toulouse, taking action after the identi-
fication of frailty means explaining the subject the oppot-
tunity to undergo a multidisciplinary clinical assessment
at the dedicated platform of the Gérontopdle (5). Here,
the individual is comprehensively evaluated by a team of
different healthcare professionals (i.e., geriatrician, nurse,
neuropsychologist, physical therapist, dietician) with the
objective of designing a personalized plan of intervention
against disability.

The instrument provided by the Gérontopole to the gen-
eral practitioners of the Toulouse area is not yet validat-
ed. In particular, we do not know exactly how many false
negatives were excluded from the preventive intervention
at the platform. Current studies are ongoing to fill this gap.
Nevertheless, the GFST has shown to adequately support
the identification of frailty in community-dwelling older
persons. In fact, data from the first 442 participants eval-
uated at the platform show that almost everyone (95.2%)
resulted pre-frail (31.1%) or frail (64.1%) according to the
criteria proposed by Fried et al. (8). Less than 5% was in-
correctly referred to the platform as being robust or already
disabled in the Activities of Daily Living, It is also note-
worthy the high acceptance that the instrument had among
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general practitioners, especially because not time- consum-
ing or invasive of their clinical decisions and daily practice.
All this implies that, after training the general practition-
ers at the detection of frailty, their clinical judgment may
suffice at accurately estimating the risk profile of the older
individual and seck for support. The use of the instrument
we propose will likely become unnecessary once that the
concept of frailty will be better established, the healthcare

Table 1
The Gérontopéle Frailty Screening Tool (GFST)

professionals will have familiarized with the detection of
the syndrome, and specifically devoted clinical settings for
its assessment/treatment will be available. At this time, we
believe the GFST might optimally serve to diffuse knowl-
edge about the detrimental syndrome of frailty, and render
general practitioners more active in the promotion of pre-

ventive interventions against disability in older persons.

Toulouse

/=
k'l GERONTOPOLE

Patients aged 65 years and older without both functional disability (Activities of Daily Living score =5/6) and current acute disease

YES NO Do not know

Does your patient live alone? Q ] a

Has your patient involuntarily lost weight in the last 3 months? a a a

Has your patient been more fatigued in the last 3 months? a a a

Has your patient experienced increased mobility difficulties in the last 3 months? a a a

Has your patient complained of memory problems? a a a
Does your patient present slow gait speed (i.e., >4 seconds to walk 4 meters)? Qa a a

If you have answered YES to one or more of these questions:

Do you think your patient is frail? YES O NOQ

If YES, is your patient willing to be assessed for his/her frailty status at the Frailty Clinic? YES O NOQ

This article was published in the Journal of Nutrition, Health and Aging
Volume 17, Number 7, 2013
http://www.springer.com /medicine /internal /journal /12603
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Abstract: Background: Disability is commonly considered
as an irreversible condition of advanced age. Therefore,
preventive actions need to be taken before the disabling
cascade is fully established, that is in the pre- disabili-
ty phase defined “frailty syndrome”. The complexity and
heterogeneity of frailty requires a clinical approach based
on multidimensionality and multidisciplinary. In this papet,
we present the main characteristics of the newborn Plat-
form for Evaluation of Frailty and Prevention of Disabili-
ty (Toulouse, France). Intervention: Persons aged 65 years
and older screened for frailty by general practitioners in the
Toulouse area ate invited to undergo a multidisciplinary
evaluation at the Platform. Here, the individual is multidi-
mensionality assessed in order to preventively detect poten-
tial risk factors for disability. At the end of the comprehen-
sive evaluation, the team members propose the patient (in
agreement with the general practitioner) a preventive inter-
vention program specifically tailoted to the his/her needs
and resources. Results: Mean age of our population is 82.7
years, with a large majority aged 75 years and older. Most
patients are women (61.9%) Approximately two thirds of
patients received any kind of regular help. Regarding level
of frailty, 65 patients (41.4%) were pre-frail, and 83 (52.9%)
frail. For what concerns the functional status, 83.9% of pa-
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tients presented slow gait speed, 53.8% were sedentary, and
57.7% had poor muscle strength. Only 27.2% of patients
had a SPPB score equal to or higher than 10. Autonomy
in ADL was quite well preserved (mean ADL score 5.6 £
0.8) as expected, suggesting that the patients of the plat-
form have not yet developed disability. Consistently, IADL
showed a marginal loss of autonomy reporting a mean
score of 6.0 £ 2.3. About one third of patients (33.1%)
presented a MMSE score lower than 25. Dementia (meas-
ured by the CDR scale) was observed in 11.6% of the
platform population, whereas subjects with mild cognitive
impairment (that is CDR equal to 0.5) were 65.8%. New di-
agnosed depressive disorders were relatively rare with only
3.2% of patients showing signs of depression but some
people were already treated. Numerous patients presented
vision problems with 10.4% having abnormal findings at
the Amsler grid. Finally, it is noteworthy that 9% of the
platform population presented an objective state of pro-
tein-energy malnutrition, 34% an carly alteration of nutri-
tional status, while almost everyone (94.9%) had a vitamin
D deficiency (partially explained by the period of the year,
that is winter-spring, of most of the measurements). Con-
clusion: The Platform clinically evaluates and intervenes on
frailty for the first time at the general population-level. This
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model may serve as preliminary step towards a wider iden-
tification of early signs of the disabling cascade in order to

develop more effective preventive interventions.

INTRODUCTION

Since the beginning of the 20th century, when first Nascher
proposed the birth of the novel medical discipline, geri-
atrics has been specifically focused at taking care of old-
er persons experiencing the heavy burden of age-related
diseases (1). Up to few years ago, the geriatrician was in
charge of assisting (i.e., evaluating and treating) those pa-
tients which could not be adequately followed in any other
specialty due to their comorbidities, polypharmacy, social
issues, and functional impairment. In particular, the aver-
age geriatric patient has commonly been for a long time an
older person at advanced age already presenting relevant
disabling conditions, significantly impairing his/her capaci-
ty to conduct an autonomous life. In other words, geriatric
patients frequently experienced those conditions and/or
clinical outcomes for which they were automatically exclud-
ed from standard interventions proposed at younger ages.
Moreover, the primary outcome of disability significantly
differentiates geriatric medicine from other specialties. This
end-point (also considering the characteristics of the sub-
jects at risk of developing it) imposes the adoption of al-
ternative approaches and choice of different interventions,
often in contrast with the so-called “evidence-based med-
icine”.

Disability is commonly considered an irreversible condition
in older persons. It is a clinical issue representing a priority
for public health systems of developed countries. In fact,
besides of posing severe burdens to the patient’s quality of
life, disability is associated with high healthcare costs (2).
The detrimental effects (at both person- and society-level)
of disability should be considered in the wider scenario of
our aging societies. In this way, it becomes clear why we
cannot anymore wait for assessing the standard geriatric pa-
tient already disabled, but we should preventively act before
the irreversible disabling cascade is in place.

For this reason, during the last two decades, a growing body
of literature has been specifically focused at exploring the
“frailty syndrome”. Frailty is commonly defined as a geri-
atric syndrome characterized by the reduction of physio-
logical reserves and capacities of an individual needed to
adequately face exogenous and endogenous stressors. Such
condition poses the subject at increased risk of negative
health-related events, including hospitalization, institution-
alization, and disability. In particular, frailty is usually con-
sidered as a pre-disability state which, differently from dis-
ability, is still amenable for interventions and reversible (3).

Key words: Frailty, elderly, prevention, disability, evalua-
tion.

On the basis of this novel concept, the heterogeneous old-
er population was subsequently categorized into three sub-
groups to better design and develop person-tailored inter-
ventions: Older persons were then considered “disabled” if
needing assistance in the accomplishment of basic activities
of daily living, “frail” if presenting limitations and impair-
ments in the absence of disability, and “robust” if no frailty
or disability were present.

To translate the theoretical concept of frailty into practice,
Fried et al. (3) proposed a model combining the evalua-
tion of the following five criteria: sedentariness, involun-
tary weight loss, fatigue, poor muscle strength, and slow
gait speed. According to this instrument, an older person
is considered “frail” if presenting three or more of these
defining criteria.

The identification of a pre-disability state (i.c., frailty) allows
the detection of older persons at risk of negative events
that may still benefit from preventive interventions against
disability. This new concept of frailty modifies the common
geriatric approach by leading it towards the importance of
prevention, a field that was not possible to adopt in the past
when only irreversible conditions came to the geriatrician
evaluation. At the same time, the definition of a biological
age provides the basis for identifying persons who indeed
need the evaluation of a geriatrician, redirecting to the dif-
ferent specialties those who can be followed and treated
using standard protocols because only an graphically old.
The “gold standard” intervention adopted in geriatric med-
icine is surely represented by the comprehensive geriatric
assessment (CGA). The CGA consists of a global evalua-
tion of the older patient performed by a multidisciplinary
team finally resulting in the design of a person-tailored
preventive or therapeutical intervention. Since the CGA is
conducted using standardized scales and instruments, there
is the possibility to evaluate the efficacy of the proposed
interventions over time and more efficiently follow-up the
patient.

In 1984, Rubenstein et al (4) first showed that CGA had
a beneficial impact on institutionalization and mortality of
older persons. Few years later, the meta-analysis by Stuck et
al. (5) on 28 clinical trials confirmed such positive results
extending them on multiple outcomes, including mortality,
hospital admissions, cognitive decline, and functional im-
pairment. In 2004, a randomized trial studied the effects
of CGA (and CGA- derived interventions) in individuals
aged 74 years and older in primary care (6). Interestingly,
the study confirmed the idea that frailty is a reversible con-
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dition (27.9% of frail individuals were no longer frail after
the intervention).

Despite the importance of preventing disability, the imple-
mentation of frailty in the clinical setting is still limited. Ma-
jor difficulties at preventively act against disability reside in:
1-The need to design a different geriatric approach to the
older patient. In fact, as above-mentioned, the geriatrician
cannot anymore wait to visit the (already disabled) patient,
but preventively evaluate the health status of the older
subject. This implies the need of a close collaboration be-
tween family physicians and geriatrics facilities in order to
promptly detect the eatly signs of the disabling cascade and
preventively act at the general population-level (7). In other
words, the frailty detection and treatment are directed to-
wards community- dwelling older persons which are not yet
“medicalized” and may even not feel the immediate need of
a clinical assessment.

2-The still limited recognition of frailty as a valid clinical
condition (thus, to detect, measure, and treat). The novelty
of frailty has raised intense debates about its nature and
operational definition. Nevertheless, its theoretical back-
ground is today sufficiently strong to recommend the as-
sessment of frailty in the clinical practice (8, 9).

In these last years, the French government has defined a
new policy for preventing disability in older persons. To
address this national (but even wider) public health issue,
the geriatric center of Toulouse (i.e., the Gérontopole of
the Centre Hospitalier Universitaire de Toulouse) in associ-
ation with the university Department of General Medicine
of Toulouse (DUMG) and the regional health authority
(Agence Regionale de Santé -ARS- Midi-Pyrénées) designed
and developed an innovative Platform for the Evaluation
of Frailty and the Prevention of Disability. Such platform
is specifically aimed at supporting the comprehensive and
multidisciplinary assessment of frail older persons. The
identification of the specific causes of the increased status
of vulnerability allows the multidisciplinary team to design
a patient-tailored preventive plan of intervention against
disability. In the present paper, we describe the platform
structure and organization, and provide the main charac-
teristics of the first 160 patients evaluated during the first
eight months of operation.

THE STRUCTURE OF THE PLATFORM

The Platform for the Evaluation of Frailty and the Preven-
tion of Disability was started in October 2011 as a separate
activity of the geriatric day hospital unit of the Géron-
topole of Toulouse. It is currently hosted in four rooms
(two clinical offices for the evaluation of patients and blood
drawn, a waiting room and an administrative office) located
at the Hospital Garonne (Toulouse, France). The platform

currently accommodates up to four patients per day, five

days per week. However, starting from January 2013, the
platform will be able to evaluate up to eight patients per
day, five times per week, at the new site of the Hospital La
Grave (Toulouse, France).

Each patient evaluated at the platform must be referred by
a physician detecting signs or symptoms of frailty in him/
her. This service is paid by the social security health system
to the hospital. As we can sce in the results sections, the
frail older adults referred to the platform have already some
underlying diseases witch really need to be diagnosed. The
platform provides the patient’s assessment, treatment, and
follow-up in close connection with family physicians. After
one and three months from the evaluation, the platform
staff contacts the patient (or his/her proxies) to make sure
that the proposed interventions have been adopted and to
estimate possible modifications of his/her health status.

Identification of the frail elderly person
Numerous screening tools are currently available to detect
frailty in older persons, most of them primatily used in clin-
ical research (10). Although several operational definitions
have been developed over the last decade to support clini-
cians and researchers at objectively screening older persons
for frailty, a controversy exists about the optimal instrument
to be adopted (11). The major reason for such difficulties
at reaching an agreement probably resides in the multidi-
mensional nature of the frailty syndrome (12). This has led
to the proposal of multiple tools, each one constitued by
specific sets of items or tasks providing different pheno-
types of frailty. For example, a panel of experts proposed
gait speed as a possible parameter to screen frailty in older
persons. After all, its predictive value for adverse outcome
is widely demonstrated (13, 14). The adoption of physical
performance tests in the screening of older persons at risk
of health-related events has been proposed as preliminary
step towards a structural reorganization of healthcare pro-
vision (15).

In a previous study, we explored the feasibility of a ques-
tionnaire screening frailty among general practitioners. The
instrument was based on the gait speed test and proposed
by 50 physicians of the Midi-Pyrénées region (France). The
instrument was largely well accepted. However, two diffi-
culties were mainly reported in the implementation of the
instrument: finding a 4-meter track in the physician’s office
to measure gait speed, and the addition of a novel screening
tool in the already busy practice (due to the complexity of
patients) (16).

Taking into account data from literature and results from
such preliminary survey, we developed a questionnaire to
be used by general practitioners for screening frailty. In
particular, it takes into account the physician’s subjective
perception of the patient’s frailty status together with func-
tional, social, cognitive, nutritional factors (Table 1). The
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questionnaire was design to highlight the importance of the
general practitioner in the definition of the frailty status of
the individual. This was done by rendering of primary im-
portance the clinical subjective feeling of the physician in
the definition of the questionnaire result.

Table 1
Questionnaire for the detection of frail older patients used by general

practitioners

Patients aged 65 years and over, independent (ADL 6/6), with no
current acute disease

SCREENING
DON'T

YES NO KNOW
Does your patient live alone? a a a
Has your patient lost weight in o o o
the last 3 months?
Has your patient felt more tired
in the last 3 months? - - -
Has your patient found it more
difficult to go around in the last Q Q a
3 months?
Does your patient complain of a a o

memory problems?

Does your patient have a slow
gait speed (more than 4 seconds Qa a a
to walk 4 meters)?

=> |f you have answered YES to one of these questions:

Do you think your patient is frail> | QYES | Q NO
If YES, does your patient agree
to evaluation of his/her frailty in QYES | ANO

day hospital?

The definition of frailty

Consistently with its wide use, the primary instrument to

measure frailty at the platform is the operational definition

proposed by Fried and colleagues and validated in the Car-
diovascular Health Study (1). In particular, we define its five
constituting criteria as follows:

— Involuntary weight loss is detected by asking “Have you
involuntarily lost weight during the past months?” Cur-
rent weight and self-reported usual weight are also re-
corded.

— Fatigue is defined by the patient’s answers “often” or
“most of the time” to the following two items, part of
the CES-D scale: “During the last two weeks I felt that
everything I did was an effort”, and “During the last two
weeks I felt that I could not get going”.

— Sedentariness is assessed by administering the following
question to the patient: “What is your current level of
physical activity?”. The patient can answer: No physical
activity (confined to bed); Rather sedentary, some short
walks or other exercise of very light intensity; Light in-
tensity exercise (walking, dancing, fishing or shooting,
shopping on foot) at least 2 to 4 hours a week; Moder-
ate intensity exercise (running, walking uphill, swimming,
gardening, cycling) for 1 to 2 hours a week, or light inten-
sity exercise (walking, dancing, fishing or shooting) for
more than 4 hours a week; Moderate intensity exercise
more than 3 hours a week; Vigorous exercise several
times a week. By answering the question, the participant
is instructed that light intensity exercise does not cause
sweating and does not prevent conversation, moderate
intensity exercise causes sweating and conversation is not
possible, and vigorous exercise involves maximum effort.
Although this specific question is not validated, it has
previously been used in literature to define sedentariness
and physical activity levels in older persons (17, 18).

— Slow usual gait speed is measured after testing the patient
over a 4-meter long track. Slow gait speed is considered as
present if the patient takes more than 4 seconds (i.e., gait
speed slower than 1 meter/second) to complete the task.

— Poor muscle strength is measured by a hand-held dy-
namometer. The gender- and body mass index-specific
cut-points originally provided by Fried and colleagues (3)
are used to identify subjects presenting this criterion of
frailty.

The patient is considered frail if he/she presents three or
more of these criteria, pre-frail if only one or two criteria

are present.

Causes of frailty
The evaluation of the patient at the platform is primarily
conducted by the geriatrician (or a general practitioner spe-
cifically formed in geriatrics) and a nurse. Sociodemograph-
ic (including living environment), anthropometric, and clin-
ical (medical and surgical history, current treatments and
allergies) are recorded. Moreover, all patients undergo a
blood drawn for standard laboratory assessment (including
vitamin D concentrations, and special tests if required by

the patient’s clinical conditions) and an electrocardiogram.

The evaluation includes the administration of the following
questionnaires/scales objectively measuring the specific ca-
pacities of the person:

— Cognition: Memory Impairment Screen (free and delayed
recall), AD8 Dementia Screening Interview (19), Mini
Mental State (MMSE) (20), Clinical Dementia Rating
(CDR) (21);
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— Physical function: scales of disability in basic Activities of
Daily Living (ADL) (22) and Instrumental ADL (IADL)
(23), measures of physical performance (Short Physical
Performance Battery, SPPB (24), Pepper Assessment
Tool for Disability, PAT-D (25);

— Nutritional status: Mini Nutritional Assessment (MNA) (206);

— Mood: the Covi and Raskin scales for anxiety and depres-
sion (27, 28);

— Vision and hearing: Parinaud’s scale (near vision), Monoy-
er’s scale (distant vision), Amsler grid (detection of
age-related macular degeneration, AMD), and the Hear-
ing Handicap Inventory for the Elderly - Screening ver-
sion (HHIES) (29).

The platform will soon receive a retinal camera to allow a
more accurate detection of AMD and to screen other vi-
sion conditions (such as glaucoma). Moreover, a last gener-
ation dual energy X-ray absorptiometry (DXA) device, an
I-DXA for the study of body composition and bone min-
eral density will be shortly implemented in the daily practice
of the platform.

According to the results of the screening questionnaires/
scales and the geriatrician clinical visit, additional evalua-
tions might be proposed. For example, according to the
patient’s needs, a neuropsychiatrist, an ophtalmologist, a
nutritionist, a physical therapist, a dentist, or a social assis-
tant may be directly and promptly involved to complete the
assessment and improve the definition of the subsequent
plan of intervention.

At the end of the multidisciplinary evaluation, the geriatri-
cian of the platform summarizes the results of all the per-
formed evaluations to prepare a personalized intervention
plan for the patient. The family practitioner of the patient
is also immediately informed about the results of the visits
to share with him the visit conclusions. Motreover, in the at-
tempt of increasing the patient’s adherence to the interven-
tion and facilitate the follow-up, an appointment is readily
taken for the patient with his/her own general practitioner
within the following 15 days.

Interventions proposed

The plan of intervention proposed by the platform are spe-
cifically designed and adapted to each patient’s resources
and needs according to the results of the multidisciplinary
evaluation. The comprehensive evaluation of frailty leads
to the identification of potential risk factors for negative
health- related events in different domains of the older pa-
tient’s health. In particular, the possible causes for the in-
creased vulnerability may consist of undiagnosed diseases
or risk factors (at least partially linked to the aging process).
When an unknown disease is detected, the patient is direct-
ed towards the specialist’s evaluation for further investiga-
tion (if needed) and/or a specific treatment proposed.

Differently, if a risk factor is found, it is discussed with the
patient to make him/her aware about its possible conse-
quences. Such education of the patient is parallel with the
plan of intervention that will be proposed. In fact, it will in-
clude behavioural and therapeutical suggestions to correct
the specific risk factor according to the clinical priorities
given by the physician. For example, if a risk of malnutri-
tion is detected by the MNA at the preliminary assessment
(i.e., frailty in the nutritional domain), the nutritionist (also
on the basis of the objective data collected during the pre-
liminary visit) may provide the patient with specific recom-
mendations to improve his/her dietary intake. Similatly, in
case of issues in the physical domain of the patient (e.g.,
sedentariness), the physical therapist may simply suggest
specific exercises that can easily increase the physical ac-
tivity level of the patient as well as fitness centers in the
patient’s neighbourhood. In the same way, a person with
social issues may find specific support and information to
reduce the bartiers at the basis of his/her frailty status. In
this context, it is noteworthy that the close relationship es-
tablished between the platform with the administrative and
healthcare authorities has allowed the creation of multiple
possible alternatives in order to offer preventive protocols
against disability.

The approach of targeting the specific issues of the pa-
tients raised at the end of a comprehensive geriatric assess-
ment performed by a multidisciplinary team mirrors what
has been previously shown to be particularly beneficial in
frail older persons (5, 30, 31). Nevertheless, this is the first
time that this model is exported and officially implemented
in the primary prevention of disability.

Patients’ follow-up
To make sure that the proposed recommendations are
followed and to also determine their efficacy, a close fol-
low-up is organized for all the patients undergoing the
platform assessment. First, a phone contact is made the
same day of the evaluation with the general practitioner
to briefly explain the proposed plan of intervention and
discuss possible therapeutical modifications. The general
physician will also receive a detailed letter with all the re-
sults of the platform evaluation. An appointment is also
organized for the patient with his/her own general prac-
titioner within two weeks. One month after the platform
evaluation, a nurse phones the patient to verify the put in
place of the recommendations and facilitate the solution
of possible issues. This first phone contact is also impor-
tant to boost the attitude of the patient at improving his/
her health status through the adoption of the proposed
healthier lifestyle habits. At three months from the initial
evaluation, a specifically trained nurse carries out a second
phone evaluation. This is specifically focus at administering
the PAT-D scale (25). This is a 23-item validated instrument
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measuring the physical function of older persons. It has
already been adopted in several trials with special focus on
disability prevention. The patient rates his/her ability on
a six-point Likert scale, ranging from ‘able to perform an
activity without difficulty’ to ‘unable’. If the physical func-
tion of the patient is deteriorated compared to the baseline
evaluation, specific actions are taken from a new contact
with the general practitioner to discuss the case, to the res-
ervation of a out-patient clinical visit for the re-revaluation
of the patient. Throughout the follow-up, the patient will
continue having the general practitioner as primary referent
for his/her health status.

Clinical research
Elderly persons who are frail and pre-frail often present
aging-related disorders that are still at an early stage. Thus,
as mentioned above, they can still benefit from early, inno-
vative interventions. In this context, the platform plays an
important role for research. In fact, the standardized and
objective assessment conducted in the platform patients
makes possible the creation of a unique database of com-
munity-dwelling older persons to study the biological and
clinical foundations of the frailty syndrome. Moreover, the
structured follow-up of patients allows the evaluation over
time of the efficacy of the innovative interventions (e.g.,
novel medications, biotechnologies, telemedicine...) that
will be made available. The conduction of clinical studies
is also facilitated because the cohort of patients evaluated
at the platform will allow the creation of ancillary projects
testing specific hypotheses in a very cost-effective fashion.
Finally, the detailed database of patients will constitute an
important resource to easily find and contact possible can-

didates to future clinical trials.
THE PLATFORM POPULATION

The description of the main characteristics of the first 160
patients recruited during the first months of activity of the
platform are reported in Table 2 and Table 3. Mean age of
our population is 82.7 years, with a large majority aged 75
years and older. Most patients are women (61.9%) Approx-
imately two thirds of patients received any kind of regular
help. Only 14.1% received old age allowance.

Table 2
Socio-demographics characteristics of the first 160 patients evaluated

during the first 6 months of operation of the platform

Characteristics Mean (SD) or n (%)

Gender, n=160
Woman 99 (61.9)
Man 61 (38.1)
Age (years), n=160 82.7+6.1
<75 14(37)
75-84 92 (57:5)
>85 54 (33.7)
Education, n=158
Higher education 44 (27.8)
Senior high school 30 (20.9)
Junior high school 13 (8.2)
Primary school 64 (40.5)
No school attendance 4 (2.5)
Marital status, n=160
Single 15 (9.4)
Divorced 11 (6.9)
Married 67 (41.9)
Separated 2 (1.2)
Widowed 63 (39.4)
Living with partner 2 (1.2)
Living environment, n=160
Assisted living facility 6 (3.8)
Nursing home for dependent elderly 5 (3.1)
At home (communal home) 61 (38.1)
At home (individual home) 88 (55.0)
Help at home, n=160
Yes 106 (66.2)
Kind of help, n=106
Home help 55 (51.9)
Visiting nurse 12 (11.3)
Physical therapist 7 (6.6)
Old age allowance 15 (14.1)
Other 17 (16.0)
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Table 3
Clinical characteristics of the first 160 patients evaluated during the

first 6 months of operation of the platform
Characteristics Mean (SD) or n (%)

Frailty status (according to Fried criteria), n=158

Nutritional status (MNA), n=157 89 (56.9)
Good (MNA =24) 54 (34.2)
Risk of malnutrition (MNA 17 to 23.5) 14 (8.9)

Malnourished (MNA <17)

Vitamin D status, n=157 14.8 £10.1 (4-59)

<10 ng/ml 73 (46.5)
11-29 ng/ml 76 (48.4)
=30 ng/ml 8 (5.1)

Not frail 9 (5.7)

Pre-frail (1-2 criteria) 65 (41.4)

Frail (=3 criteria) 83 (52.9)
Frailty criteria (according to Fried criteria)

Recent weight loss, n=158 52 (32.9)

Feeling of exhaustion, n=157 49 (31.2)

Decreased muscle strength, n=156 90 (57.7)

Slow gait speed, n=155 130 (83.9)

Sedentarity, n=158 85 (53.8)
MMSE score (/30), =154 25.4 + 4.2 (12-30)

<20 19 (12.3)

20-24 32 (20.8)

25-27 41 (26.6)

>=28 62 (40.2)
CDR score, n=155

o 35 (22.6)

0.5 102 (65.8)

1 14 (9.0)

2 4 (2.6)
MIS score (/8), n=157 6.4 +1.9 (0-8)
MIS-D score (/8), n=155 5.5+ 2.6 (0-8)
AD-8 score (/8), n=157 3.3+ 2.3 (0-8)
ADL score (/6), n=159 5.6 £ 0.8 (1-6)
IADL score (/8), n=159 6.0 + 2.3 (0-8)

SPPB score (/12), n=157 7.4 £ 2.9 (0-12)

Good (score 10-12) 43 (27.2)
Medium (score 7-9) 53 (33.7)
Poor (score 0-6) 61 (38.8)

Gait speed (m/sec), n=155 0.8 £ 0.2 (0.2-1.3)

<0.6 m/sec 38 (24.5)
0.6 to 0.79 m/sec 43 (27.7)
0.8 to 1.0 m/sec 49 (31.6)
>1.0 m/sec 25 (16.1)
Abnormal distant vision, n=140 107 (76.4)
Abnormal near vision, n=129 42 (32.5)
Abnormal Amsler grid, n=153 16 (10.4)

HHIES score (/40), n=152 7.1 +£10.1 (0-40)

No disability 106 (69.3)
Moderate disability 26 (17.0)
Severe disability 21 (13.7)

Raskin score (/12), n=155 7.4 2.9 (0-11)

Signs of depression 5 (3.2)

Regarding level of frailty, 65 patients (41.4%) were pre-frail,
and 83 (52.9%)) frail. The fact that 93.3% of the subjects
addressed in the platform are frail or pre frail implies the ca-
pacity of the screening questionnaire of adequately detect
true positives in the general population.

For what concerns the functional status, 83.9% of patients
presented slow gait speed, 53.8% were sedentary, and 57.7%
had poor muscle strength. Only 27.2% of patients had a
SPPB score equal to or higher than 10. Autonomy in ADL
was quite well preserved (mean ADL score 5.6 £ 0.8) as ex-
pected, suggesting that the patients of the platform have not
yet developed disability. Consistently, IADL showed a mar-
ginal loss of autonomy reporting a mean score of 6.0 = 2.3.
About one third of patients (33.1%) presented a MMSE
score lower than 25. Dementia (measured by the CDR
scale) was observed in 11.6% of the platform population,
whereas subjects with mild cognitive impairment (that is
CDR equal to 0.5) were 65.8%. New diagnosed depressive
disorders were relatively rare with only 3.2% of patients
showing signs of depression but some people were already
treated. Numerous patients presented vision problems with
10.4% having abnormal findings at the Amsler grid. Thir-
teen percent of patients had a hearing loss.

Finally, it is noteworthy that 9% of the platform population
presented an objective state of protein-energy malnutrition,
34% an early alteration of nutritional status, while almost
everyone (94.9%) had a vitamin D deficiency (partially ex-
plained by the period of the year, that is winter-spring, of

most of the measurements).
CONCLUSION

To prevent disability, frail older patients need to be iden-
tified and specifically evaluated starting from the general
population through a close collaboration between gener-
al practitioners and ad-hoc geriatric infrastructures. The
platform we designed and developed at Toulouse proposes
preventive and therapeutical interventions, supports fam-
ilies and caregivers, and interacts with the general practi-
tioners in order to optimize the management of the frail
older patient. Our next objective will be the evaluation of
the cost-effectiveness analysis of the platform and the eval-

uation of its clinical effectiveness over the long-term, in
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particular for the primary outcome of physical disability
prevention.

Our preliminary results from the first 160 patients we as-
sessed should encourage the promotion of frailty to the
level of a clinically relevant condition. The identification
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Abstract: Dependence and disability are almost inevitable
consequences of population aging. As these conditions are
considered irreversible, a growing interest has been directed
towards the identification of related conditions that are still
amenable to preventive interventions. In this context, frailty
has attracted an increasing scientific interest. Frailty is chat-
acterized by decreased homeostatic reserves and dimin-
ished resistance to stressors. The frail eldetly constitutes a
complex population in terms of assessment, monitoring,
adherence to recommendations, and follow-up. The use of
novel technologies may be considerably helpful for both

clinical and research purposes. In particular, technologies

opulation aging is leading to a considerable in-

crease in age-related pathological conditions, in-

cluding dependence and disability. In 2010, more
than 3 hundred million persons were disabled worldwide,
and such estimate is projected to almost double by 2050,
with considerable increases in costs for the healthcare sys-
tem (1, 2). As dependence and disability are considered as
almost irreversible conditions, a growing interest has been
pointed to the identification of those health profiles that,
although characterized by increased risk of negative events,
may still be amenable to preventive interventions against
disability. In this context, frailty has attracted a significantly
increasing scientific interest (3).
Frailty is a multidimensional condition characterized by de-
creased homeostatic reserves and diminished resistance to
stressors (4). It is also a consequence of cumulative decline

in multiple physiological systems, and is associated with a

may support interventions preventing disability, improv-
ing the quality of life, and enhancing the wellbeing of frail
people. Traditional assessment instruments can be comple-
mented or replaced by mobile devices measuring and mon-
itoring frailty domains (e.g., physical performance, cognitive
function, physical activity, nutritional status). Novel tech-
nologies have indeed the potential to benefit, assess, moni-
tor, and support frail older people to live independently and
improve their quality of life.

Key words: Aging, prevention, information and communi-

cation technologies, assessment, screening,

greater risk of adverse health outcomes, such as falls, hos-
pitalization, institutionalization and mortality (5). This con-
cept is frequently adopted to indicate a status of pre-disa-
bility, characterized by potential reversibility.

Frail elders constitute a complex population in terms of
screening, assessment, monitoring, and follow-up. It is like-
ly that technologies may indeed play a role in supporting
healthcare professionals and researchers in this context.
In other words, the questionnaires, scales, and assessment
tools usually completed by healthcare professionals may
be complemented and supported by the implementation
of novel technologies. An overview with few examples of
novel technologies that can be used for the screening, as-
sessment and follow-up of frail older persons is presented
in this brief report. The list of examples is not exhaustive
but indicative, just an example for indicating the high po-
tentialities of this innovative and promising field.
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The identification of frail older people in the routine clin-
ical care and research is a difficult but important task. For
example, electronic screening may be supported by technol-
ogies using large healthcare databases and sources to iden-
tify frail older persons in primary care (6).

Current literature on the use of novel technologies for the
assessment and follow-up of older people is exponential-
ly growing, For example, a mobile device characterized
by a wide range of features (accelerometer sensors, wire-
less communication capabilities, and processing capacities
among others) has recently been developed in order to sup-
port the frailty assessment (7). It provides information on
anthropometric characteristics, nutritional, functional and
cognitive status of the individual, potentially supporting
the assessment of the healthcare professional. Its objective
results are indeed shown to be consistent with results of
the standard clinical evaluation. Another example of tech-
nologies used to measure physical performance may be
represented by electronic walk-ways (e.g., www.protokinet-
ics.com), which provide objective measures of movement
patterns (i.c., gait analysis) and facilitate the identification
of age-related abnormalities. A development of traditional
instruments capturing some frailty criteria/domains (e.g,
dynamometers for the measurement of muscle strength)
are also evolving into more informative devices (8).

The use of technologies has also been proposed during
the clinical interview of the older person for better under-
standing some specific features of his/her health status.
For example, Marsh and colleagues (9) have validated the
use of animation videos as examples for improving the
assessment of mobility and activities of daily living. This
approach uses a computer- based program displaying video
clips constructed from computer animations. After viewing
each video clip of the animated task, participants are asked
a question about their ability to perform the same task. This
method appeared to have a significant impact at improving
the accuracy in the reporting of older adults’ self-reporting
of ability related to mobility.

In relation to the assessment of physical activity, com-
mercial mobile applications currently available to promote
physical activity among adults are numerous (10). These
applications are able to monitor physical activity on a daily
basis and even provide person-specific recommendations
for maintaining a good health status and a healthy body
weight (11).

Assessment and monitoring of nutritional intake and sta-
tus is also very important for the frail elderly. In this case,
long food frequency questionnaires could be replaced by
mobile devices using applications that take a picture of the
consumed meals. Then, through a dedicated online-based
service, an analysis of the food can be conducted by specif-
ic software, and images converted into nutritional data (i.e.,

macro- and micro- nutrients composition). This informa-
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tion can be made directly accessible to dietitians, which may
then provide personalized recommendations (12).
Furthermore, the improvement of domains other than
physical function and nutrition may also positively affect
the health status of frail older persons. In other words,
multiple domains may generate and significantly enhance
the frailty condition (e.g, vision impairment, hearing loss).
In this context, visually impaired individuals could benefit
from mobile applications designed to read out the text in
a document or an image (e.g, https://itunes.apple.com
us/app/ saytext/id376337999?mt=8). Telephone devices
including a monitor, which “reads” the voice of the caller
and translates it to text, may reduce the isolation of individ-
uals with hearing impairment (e.g., www.CaptionCall.com).
Once screening and assessment are complete, a main is-
sue with frailty is the follow-up and the identification and
evaluation of adherence to recommendations of the frail
elderly. New technologies could be particularly helpful in
this direction. An example of the use of novel technologies
in improving the adherence to recommendations during
the follow-up of patients is the use of a pedometer-based
behavioral change program, which appeared to increase
physical activity and performance of frail elders (13). An-
other example of how much technologies may help in this
field, may be the use of mobile applications supporting the
monitoring of compliance of older frail people to medica-
tons (e.g., http://seniornet.org/blog/). In addition, identi-
fication of adherence to recommendations with the use of
technologies might be evaluated by the electronic check of
renewal of drug prescriptions of pharmacies.

As a future perspective, the concept of a “smart home”
(for example, equipped with sensors, actuators, and/or bio-
medical monitors) could be a promising way for improving
the assistance at home of frail and disabled elders, poten-
tially allowing greater functional independence, maintaining
good health, and preventing negative adverse outcomes (in-
cluding social isolation). In fact, these types of infrastruc-
tures usually operate in a network connected to a remote
data center, which may promote the early diagnoses and
anticipate healthcare procedures (14).

The use of novel technologies for preventing disability in
frail people is yet limited and challenging. Indeed, while
a lot of applications ate targeted to younger populations,
less are specific to older persons, especially if frail. Never-
theless, the aging population may represent an ideal target
group of persons, which may greatly benefit from scien-
tific advancements in this field. By stating this, we are not
underestimating the costs and efforts of the extension of
technologies to advanced age individuals. For example, ran-
domized-controlled trials using technologies are particu-
larly challenging due to the complexity of the population,
the reduced willingness of consider technological devices
as part of their daily life, lack of consensus on technology
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definitions, and the poor standardization of the assessment
tools. However, despite of such evident barriers, it is note-
worthy that the number of people aged 65 years and older
using the Internet is rapidly rising (15). And, of course, the
large scale implementation of technologies in the field of
frailty is subject to still-to-come positive results (especially
for what concerns cost-effectiveness) from clinical trials.

In conclusion, frailty is a clinical condition determining an
increased risk of adverse health-related events and requir-

ing a complex, multidimensional evaluation. Novel technol-
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ogies present interesting potentialities to support the com-
plex research and clinical activities around this syndrome.
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development for geriatrics and gerontology.
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he current healthcare systems are built around the

traditional paradigm of patients suffering from a

single acute illness. They are therefore largely un-
prepatred to face the increasing demands for health servic-
es arising from the expansion of an older population with
specific medical needs related to multiple chronic disorders.
As a consequence, the medical conditions of a large and
growing segment of the older European population are not
efficiently managed by the available healthcare services (1).
Among these conditions, the geriatric syndrome of frailty
has emerged as a significant public health priority. It is de-
fined as a multidimensional condition characterised by de-
creased reserve and diminished resistance to stressors (2).
Such extreme vulnerability exposes the older individual
to an increased risk of morbidity, disability, inappropriate
healthcare use, institutionalization, poor quality of life, and
death. Early detection and prevention of frailty are thus
crucial to impede its progression and the development of
its detrimental clinical consequences, while ensuring sus-
tainability of healthcare systems of the Member States (3).
Unfortunately, to date, no healthcare programmes or phat-

macological treatments are available for frail older people.
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This is largely due to the lack of a precise, universal defini-
tion of frailty, linked in turn to the multidimensional nature
of the condition. Eventually, the existing gaps in knowl-
edge are reflected by the absence of effective interventions.
Such a barrier may be overcome by developing and validat-
ing a robust conceptual framework to achieve a practical
operationalisation of frailty. This should precisely define
its pathophysiological and clinical foundations, to assist in
the design and implementation of specific interventions
aimed at restoring robustness and delaying the onset of
adverse outcomes. The « Sarcopenia and Physical fRailty
IN older people: multi-componenT Treatment strategies »
(SPRINTT) project is specifically designed to overcome the
existing barriers for an efficient public health intervention
against frailty, and promote the implementation of success-
ful aging strategies across Europe. To reach such an ambi-
tious goal, the actions of the SPRINTT Consortium are
directed towards the achievement of a consensus among
academia, regulators, industry (pharmaceutical and medi-
cal devices), and patients’ representatives over:

1. clear operationalisation of the presently vague concept

of frailty;
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2. identification of a target population with unmet medical
needs;

3. evaluation and validation of methodologies for imple-
menting preventive and therapeutic strategies among frail
elders at risk of disability in the European Union;

4. definition of an experimental setting as a template for
regulatory purposes and pharmaceutical investigations;

5. identification of biomarkers and health technology solu-
tions to be implemented in clinical practice.

The SPRINTT project proposes a novel operationalisation
of physical frailty recognising sarcopenia as its central bio-
logical substrate. This approach is based on the fact that the
physical frailty phenotype ovetlaps substantially with sarco-
penia (4). Indeed, many of the adverse outcomes of frailty
are probably mediated by sarcopenia, which may therefore
represent both the biological substrate for the development
of physical frailty and the pathway through which the neg-
ative health outcomes of frailty ensue. Although physical
frailty encompasses only a part of the frailty spectrum, the
identification of a definite biological basis (i.c., skeletal mus-
cle decline and loss of mobility function) opens new venues
for the development of interventions to slow or reverse the
progression of this condition. It is noteworthy that all of
the components describing the Physical Frailty and Sarco-
penia (PF&S) model are measurable and quantifiable. It is
thus anticipated that the implementation of such a mod-
el will allow the identification of a precise subset of frail
eldetly citizens whose medical needs are presently unmet.
The ad hoc randomised clinical trial (RCT) resulting from
the SPRINTT project will translate the PF&S model into a
multi-component intervention [combining physical activity,
nutritional assessment/counseling and implementation of
Information & Communication Technology (ICT) solu-
tions] aimed at preventing incident mobility disability and
major negative health-related events.

The multi-component intervention proposed is original
(such an intervention against the outcome of mobility dis-
ability has never been previously tested on a large scale,
although built upon solid scientific background and data),
relevant (it targets conditions of high prevalence in Eu-
ropean community- living older persons), pertinent (it is
focused on function, a primary component of quality of
life and the one of the most important outcomes in the
elderly), feasible (it will be carried out by internationally
recognised researchers with outstanding experience in the
field of PF&S), easily applicable at a population level (thus
facilitating the future clinical implementation of the pro-
ject findings), and scalable (it will validate health technology
services and an ICT infrastructure that will enable optimal
data acquisition/analysis and clinical decision-making, as
well as ensure accessibility to the interventions from the

uset’s home).

The RCT, based on a priori power calculation, plans to re-

cruit 1,500 participants aged 70 years and older (750 per

treatment arm), distributed across seven regional coordi-

nating site across Europe and involving nine European

Countries. The target population will be comprised of “real

life”, non-disabled older persons exposed to increased vul-

nerability to stressors.

The identification of such a population will rely on the

three key elements that are at basis of the PF&S operation-

alisation:

e target organ deterioration (i.e., low muscle mass, meas-
ured by dual energy X-ray absorptiometry),

e clinical manifestation of physical frailty (i.e., weakness,
slow walking speed, and poor balance),

e functional impairment [assessed using the Short Physical
Performance Battery (SPPB].

The main exclusion criterion will be the presence of mobil-
ity disability, that is the first step of the disabling cascade,
at baseline.

Participants will be randomised to either a multi-compo-
nent intervention or an educational control group. Both in-
terventions will be administered for up to three years.

The primary outcome will be the incidence of mobility
disability, operationalised as incident inability to walk 400
metres. Secondary outcomes will include: changes in phys-
ical performance; ability of selected biomarkers to predict
the rate of change in muscle mass & functional capacity;
changes in frailty status; changes in sarcopenia parameters;
incidence of falls and injurious falls; changes in nutritional
status; changes in physical function, cognitive function and
mood; changes in utilisation of healthcare services; changes
in drug consumption and polypharmpacy; changes in quali-
ty of life; incident cognitive impairment; mortality rate.

To ensure the successful accomplishment of all SPRINTT
goals, a unique and robust Consortium has been estab-
lished that convenes internationally recognised leading ex-
perts in the field of PF&S. The Consortium is organised
in multiple interacting work-package teams, reassembling
academia, members of the European Federation of Phar-
maceutical Industries and Associations (EFPIA), and two
Small and Medium Enterprises (SMEs). Each participant
supports with its own specific expertise the conduction
of the SPRINTT work-packages. Each leader/co-leader
“tandem” will coordinate a group of experts in specific do-
mains. The expertise of each partner will thus be valorised,
and the Consortium activities conducted in the most in-

formed, shared, and appropriate way.
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