
 
 

University of Birmingham

Frailty
Doody, Paul; Lord, Janet M.; Greig, Carolyn A.; Whittaker, Anna C.

DOI:
10.1159/000528561

License:
Creative Commons: Attribution-NonCommercial (CC BY-NC)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):
Doody, P, Lord, JM, Greig, CA & Whittaker, AC 2023, 'Frailty: Pathophysiology, Theoretical and Operational
Definition(s), Impact, Prevalence, Management and Prevention, in an Increasingly Economically Developed and
Ageing World', Gerontology, vol. 69, no. 8, pp. 927-945. https://doi.org/10.1159/000528561

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 30. Apr. 2024

https://doi.org/10.1159/000528561
https://doi.org/10.1159/000528561
https://birmingham.elsevierpure.com/en/publications/97197738-b2cb-4ec6-9efc-7351a17d54b0


Clinical Section: Review Article

Gerontology 2023;69:927–945

Frailty: Pathophysiology, Theoretical and 
Operational Definition(s), Impact, Prevalence, 
Management and Prevention, in an Increasingly 
Economically Developed and Ageing World

Paul Doody 

a, b, c    Janet M. Lord 

d, e    Carolyn A. Greig 

a, d, e    Anna C. Whittaker 

f

aSchool of Sport, Exercise, and Rehabilitation Sciences, University of Birmingham, Birmingham, UK; bThe Irish 
Longitudinal Study on Ageing, School of Medicine, Trinity College Dublin, Dublin, Ireland; cNuffield Department 
of Primary Care Health Sciences, Medical Sciences Division, University of Oxford, Oxford, UK; dMRC-Versus Arthritis 
Centre for Musculoskeletal Ageing Research, Institute of Inflammation and Ageing, University of Birmingham, 
Birmingham, UK; eNIHR Birmingham Biomedical Research Centre, University Hospitals Birmingham NHS Foundation 
Trust and the University of Birmingham., Birmingham, UK; fFaculty of Health Sciences and Sport, University of 
Stirling, Stirling, UK

Received: May 5, 2022
Accepted: November 27, 2022
Published online: December 7, 2022

Correspondence to: 
Paul Doody, paul.doody @ phc.ox.ac.uk
Anna C. Whittaker, a.c.whittaker @ stir.ac.uk

© 2022 The Author(s).
Published by S. Karger AG, Basel

Karger@karger.com
www.karger.com/ger

DOI: 10.1159/000528561

Keywords
Ageing · Demography · Exercise · Frailty · Rehabilitation

Abstract
The world’s population is ageing, and most older adults ex-
perience a later life burdened with disease and disability. 
Frailty is a multidimensional and dynamic condition charac-
terized by declines in reserve and function across multiple 
physiological systems, such that the ability to cope with every 
day or acute stressors becomes compromised. It is projected 
to become one of the most serious public health challenges 
economically developed societies will face in the coming 
century. This review provides a comprehensive overview of 
frailty, exploring its pathophysiology, theoretical and opera-
tional definition(s), impact, prevalence, management, and 
prevention, within the context of its emergence as a major 
public health challenge, in an increasingly economically de-
veloped and ageing world. Further, this review discusses the 
major limitations, deficiencies, and knowledge gaps presently 

within the field, and future research directions pertinent to 
the advancement of frailty research and the promotion of 
healthy longevity among the increasing global population 
of older adults. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

The twentieth and presently twenty-first centuries have 
been characterized by accelerating medical, pharmaco-
logical, and technological advances [1–3]. In the context 
of population demographics, one of the most significant 
outcomes of these advances is the exponential increase in 
overall population, and the relatively rapid increase in life 
expectancy [4, 5]. These increases can be partially attrib-
uted to improvements in public health that have resulted 
in a profound reduction in global child mortality rates; 
with an increasing proportion of the population now 
living to sexual maturity [3, 6, 7]. However, increases in 

This is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
(http://www.karger.com/Services/OpenAccessLicense), applicable to 
the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.
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life expectancy have also occurred in the later part of 
life, albeit to a relatively lesser extent, in the increased 
population of older adults [4, 5] (Fig. 1).

Closely succeeding these increases in life expectancy, 
another demographic phenomenon has been observed: a 
substantial reduction in global fertility rates, particularly 
in developed countries. With most of the developed world 
now below the population replacement rate of 2.1 births 
per female for several consecutive decades [9, 10]. The 
combination of these two demographic phenomena has 
resulted in a growing, yet increasingly ageing population 
throughout the developed world; and even in the devel-
oping world, the onset of these changes are beginning to 
be observed [9, 10].

In Europe, current demographic trends indicate that 
by the year 2030 almost one in six of the European popu-
lation will be aged 60 years or older, and the number of 
older people will grow to 247 million by 2050; represent-
ing a 35% increase from 2017, with one in four older 
adults being over 85 by 2040 [11]. The social and eco-
nomic impacts of this epidemiological transition have 
yet to be fully experienced, as dependency ratios remain 
relatively stable, as the increase in the older population 
is, to an extent, offset by the reduction in youth depen-
dency [5, 12]. However, if present trends persist, over 
time, dependency ratios in developed countries may shift 
as the absolute and relative number of those entering old-

er age increases, while the absolute and relative number 
of those entering from youth dependency to workforce 
participation decreases [12]. When taken in conjunction 
with progressive declines in physical activity throughout 
all stages of the lifespan, this leaves this increasing popu-
lation of older adults particularly susceptible to the de-
velopment of disease and comorbidities associated with 
a lack of physical activity and an increase in sedentary 
behaviour [13–15]. This alone, irrespective of future de-
pendency ratios, will have substantial personal and eco-
nomic impacts as life expectancy increases, while the 
proportion of the lifespan spent without disease and dis-
ability fails to keep pace, or potentially deceases; as has 
been observed with a number of lifestyle-mediated non-
communicable diseases in recent decades [16]. It is in 
this context that frailty, particularly in older age, has been 
described as “without question, one of the most serious 
public health challenges we will face in this coming cen-
tury” ([17] p. 1376).

Frailty
Frailty is a multidimensional and dynamic condition, 

theoretically defined as “a state of increased vulnerability, 
resulting from age-associated declines in reserve and func-
tion across multiple physiologic systems, such that the abil-
ity to cope with every day or acute stressors is compromised” 
([18] p. 1, [19]) (Fig. 2).

Fig. 1. Estimated life expectancy (LE) by age in the UK and Wales (1841–2016); Human Mortality Database; Uni-
versity of CA, Berkeley (USA), and Max Planck Institute for Demographic Research (Germany). Data available 
at www.mortality.org; raw data downloaded on February 22, 2020; adapted from [8].
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Although declines in physiological reserve are associ-
ated with senescence in the normal ageing process, frailty 
is an extreme consequence of this process, where this de-
cline is accelerated and homeostatic responses begin to 
fail [21–23]. Frailty is a common and clinically significant 
condition among older adults [24]. This is predominant-
ly due to its association with adverse health outcomes, 
such as hospitalization, falls, disability, and mortality [19, 
20, 24–28]. All older adults are susceptible to the risk of 
developing frailty, and even their younger counterparts 
[29, 30]. However, this risk is significantly increased with 
increases in chronological age, in the presence of comor-
bidities, low physical activity, poor dietary intake, and 
low socio-economic status, among a number of other fac-
tors (Fig. 3) [19, 31–35].

While frailty is a dynamic condition, with the possibil-
ity of bidirectional transition between frailty states [28, 
37, 38], this transition is more commonly progressive 
[39]. This is largely due to the association of frailty with a 
plethora of adverse health outcomes, which can often lead 
to a spiral of decline. As frailty progresses, interventions 
to mitigate, manage, or reverse this decline become in-
creasingly difficult to implement, both from practical and 
physiological perspectives [39, 40]. The relative preva-
lence of frailty in older adults may be reduced with future 
improvements in treatment, particularly those identi-
fied as effective at mitigating the onset of frailty [17]. 

However, irrespective of this, the absolute prevalence and 
overall burden of frailty are projected to increase dramat-
ically in the coming decades as the population ages [36]. 
Perhaps of most concern in this regard, is that several 
longitudinal birth cohort studies have reported increases 
in the relative prevalence of frailty among more contem-
porary generations of older adults, when compared to 
their generational predecessors [41–43].

Operational Definitions of Frailty
Although there is a general consensus regarding the 

theoretical definition of frailty as a multidimensional and 
dynamic condition characterized by a loss of reserve 
across multiple physiological systems which collectively 
result in a compromised resilience to cope with stressors 
[17–20, 36, 44–50]. Presently, there is no one universally 
utilized or accepted operational definition for the classi-
fication of frailty [27, 51, 52]. However, there are a number 
of valid operational definitions which exist, i.e., definitions 
which take into consideration the multidimensional nature 
of the condition (face and content validity) and have been 
specifically validated for the assessment of frailty: either 
through their predictive validity regarding negative health 
outcomes associated with frailty, or their concurrent valid-
ity with existing validated frailty tools [53, 54]. The most 
commonly utilized and well-regarded of these operational 
definitions are the Fried frailty phenotype [19], and the 

Fig. 2. Illustration of the multidimensional nature of frailty as a loss of physiological reserve across multiple sys-
tems, such that resilience and homeostatic response to stressors become compromised (adapted from [20]).
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Frailty Index (FI) [55–57]. The Fried frailty phenotype 
proposes that frailty be defined as a clinical syndrome in 
which three or more of the five following criteria are pres-
ent: unintentional weight loss (≥10 lbs in the past year), 
self-reported exhaustion, weakness (grip strength), slow 
walking speed, and low physical activity (active kcals ex-
pended per week) [19] (Table 1).

The FI proposes that frailty should be operationally 
defined on a spectrum utilizing a mathematical model 
which considers frailty in regard to the accumulation of 

deficits. In this model, deficits represent any symptom, 
sign, disability, or laboratory measurement regarded as 
abnormal. The FI score is assessed as the accumulative 
proportion of these potential deficits that are present. 
Typically, the list of deficits ranges from approximately 
30–70 items related to various aspects of health and well-
being [45]. Although these are among the most common-
ly utilized operational definitions of frailty, there are also 
a number of other valid operational definitions which are 
frequently employed (Table 2).

Fig. 3. Risk factors associated with the development and progression of frailty. Derived and adapted from [19, 
32–36], and [37] respectively.

Table 1. Components of the Fried frailty phenotype operational definition for the classification of frailty [19]

Components Method of assessment

1. Unintentional weight loss Self-reported unintentional weight loss of ≥10 lbs in the last year

2. Self-reported exhaustion Centre of Epidemiological Studies Depression Scale: two subjective questions regarding endurance and 
energy, scored from 0 to 3 (a score >1 on either of these questions signifies confirmation of the 
exhaustion criteria)

3. Weakness Grip strength measurement. Classification criteria relative to sex and body mass index

4. Slow walking speed 15-foot gait speed assessment. Classification criteria relative to sex and height

5. Low physical activity Short version of the Minnesota leisure time activity questionnaire utilized to estimated active calories 
expended per week. Classification criteria relative to sex D
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Further to these validated operational definitions, 
proxy indicators of frailty are also commonly utilized, 
such as unidimensional measures of physical function, 
e.g., the Short Physical Performance Battery (SPPB) 
[77], Timed Up and Go (TUG) [78], Upper-Extremity 
Function (UEF) frailty index [79], gait speed [80], and 
hand grip strength [81]. These measures are associated 
with frailty and may even possess concurrent validity 
with existing frailty tools, or predictive validity regarding 
negative health outcomes associated with frailty. How-
ever, they lack the content validity regarding assessment 
of the multidimensional nature of the condition to be 
regarded themselves as valid operational definitions. Al-
though strong arguments have been made regarding the 
pragmatic utility of these tools within various settings 
and circumstances [82].

Similarly, there are a number of other tools, such as the 
geriatric 8 questionnaire (G-8) [83], identification of se-
niors at risk (ISAR) [84], vulnerable elderly survey (VES-
13) [85], frailty index for elders (FIFE) [86], frailty risk 
score [87], hospital frailty risk score [88], and PRISMA 7 
[89], which serve as proxy indicators of frailty through 
identifying “frailty risk,” often with the suggestion of fur-
ther more comprehensive evaluation. However, they are 
not valid operational definitions which definitively dis-
tinguish between frail, pre-frail, or robust classification 
states.

Recently, an alternative approach, separating itself 
from the phenotypic and accumulation of deficits mod-
els, has proposed a focus on intrinsic capacity, i.e., a com-
posite measure of all physical and mental resources which 
an individual can draw from to overcome environmental, 
physical, and psychological challenges [90]. The develop-
ment of this construct was initially supported by the 
World Health Organization, however, it remains to be 
empirically validated [90, 91]. While the construct of 
intrinsic capacity is in its theoretical and operational 
infancy, it may provide a new paradigm for future explo-
ration, closely aligned with that of frailty research [92].

Presently, one of the major weaknesses in the frailty 
field is not only a lack of a single standardized operation-
al definition, but also the common utilization of non-val-
idated iterations of the above definitions. This produces 
a detrimental effect on both the internal and external va-
lidity of such studies, resulting in a reduced capacity for 
accurate evaluation and comparison; even between stud-
ies which report to be utilizing the same operational def-
inition [93–95]. A recently published brief standard 
checklist for studies reporting frailty data has attempted 
to address this through outlining, and proposing solution 
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to, some of these persistent issues within the literature, 
including: (1) studies often report participants as frail 
without a frailty assessment; (2) studies often claim to uti-
lize validated operational definitions for the classification 
of frailty, however, adapt these definitions, or classifica-
tion criteria, which resulted in the definitions becoming 
not only non-standardized, but also non-validated; (3) 
the use of the nomenclature for different operational def-
initions of frailty vary widely, even among studies utiliz-
ing the same operational definition; (4) often, useful data 
regarding prevalence of frailty (such as pre-frailty, a sex 
breakdown of frailty, or occasionally the overall preva-
lence of frailty itself) are not reported. To address these 
issues, the following checklist is proposed: (1) accurate 
citation of the validation study for the specific operation-
al definition utilized for the classification of frailty; (2) 
accurate use of the nomenclature of the operational defi-
nition of frailty utilized in accordance with the initial val-
idation study to maintain reliability and validity, or 
prominent subsequent study establishing the nomencla-
ture; (3) reporting of the number of frail, pre-frail (if ap-
plicable), and robust participants; (4) a sex breakdown of 
the number of frail, pre-frail, and robust participants 
[96].

In this regard, the academic field of frailty is somewhat 
lacking a desired order and uniformity. This is likely the 
manifestation of the multidimensional and heterogenous 
nature of frailty as a combination of a multitude, and of-
ten different array, of phenomena which can result from 
many differential causes and pathways [20]. The breadth 
of proposed frailty definitions is a manifestation of this 
complexity. Ultimately,what may be required regarding 
progress towards the establishment of a universally ac-
cepted operational definition, in addition to exploration 
of emerging constructs [90–92, 97], is mathematical 
modelling of large longitudinal datasets which can iden-
tify frailty through an abundance of potential multidi-
mensional pathways over time, as it relates to the dynam-
ic ability to cope with acute stressors over these periods. 
However, to date a universally accepted operational defi-
nition for the classification of frailty remains elusive, de-
spite the utility this may provide in the future.

The Prevalence of Frailty
Although the exact prevalence of frailty within geriat-

ric populations is poorly defined due to the lack of a single 
standardized operational definition, there are a number 
of systematic reviews and meta-analyses which have at-
tempted to provide well-evidenced estimates of the prev-
alence of frailty among older adults within a variety of 

settings [96, 98–105]. An enhanced understanding re-
garding the prevalence of a condition within a specific 
setting has a number of important consequences; includ-
ing the enhanced ability to contribute towards improve-
ments in the planning and orientation of organizational 
structures and resources, to meet population needs. This 
is especially the case regarding the tailoring of service 
provision within particular settings to the needs of service 
users. Specifically regarding frailty, this includes for ex-
ample the provision of exercise rehabilitation services 
within settings for this population; with physical activity 
and exercise proposed to offer the best form of treatment 
for frail older adults [106].

Community-Dwelling Older Adults
Presently, there are several systematic reviews and me-

ta-analyses which have examined the prevalence of frailty 
in various cohorts of community-dwelling older adults 
[98–101, 105] (Table 3). In the single review which exam-
ined the overall prevalence of frailty within this popula-
tion, the pooled prevalence of frailty was 10.7%. However, 
the reported prevalence of frailty within the studies com-
prising this review ranged from 4.0 to 59.1%; largely due 
to inclusion of proxy indicators of frailty, and to a lesser 
degree the lack of a single standardized operation defini-
tion [105]. In the remaining four systematic reviews/meta-
analyses of the prevalence frailty in various specific cohorts 
of community-dwelling older adults, the overall pooled 
prevalence of frailty ranged from 7.4% among community-
dwelling older adults in Japan, to 68% among the overall 
population of undernourished community-dwelling older 
adults [100, 101]. Along a similar line of inquiry, a recent 
systematic review and meta-analysis found the global in-
cidence of frailty, and pre-frailty, among community-
dwelling older adults (aged ≥60 years) to be 43.4, and 
150.6 per 1,000 person-years respectively [107].

Older Adults in Residential Care (Assisted Living 
Facility and Nursing Home Residents)
As previously described by Doody et al. [108], pres-

ently there are no well-evidenced pooled estimates of the 
overall prevalence of frailty among older adults in assist-
ed living facilities. Although, it could be postulated that 
this prevalence would likely be higher than that of com-
munity-dwelling older adults, given that older adults 
within assisted living facilities typically tend to be chron-
ologically older, and often exhibit a greater number of 
comorbidities and a reduced functional capacity than 
their community-dwelling counterparts. However, these 
differences routinely become non-significant once stan-
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dardized for age [109]. Additionally, the estimated prev-
alence of frailty, and pre-frailty, in nursing homes (where 
qualified nursing care is required, in addition to care as-
sistance) is approximately 52.3%, and 40.2%, respective-
ly [104]. As such, the prevalence of frailty in assisted liv-
ing facilities likely lies somewhere in between that of 
community-dwelling older adults and nursing home res-
idents, given the inherent nature of these respective set-
tings and the demographics of the individuals who oc-
cupy them. However, presently, there appears a lack of 
individual studies which have examined the prevalence 
of frailty specifically within assisted living facilities.

Hospitalized Older Adults
A recently published systematic review and meta-anal-

ysis produced the first well-evidenced pooled estimates of 
the prevalence of frailty among geriatric hospital inpatients 
[98]. This review found that approximately 47.4% (95% CI 
43.7–51.1%) of all geriatric hospital inpatients are frail; and 
another 25.8% (95% CI 22.0–29.6%) pre-frail. Prevalence 
varied significantly based on age, clinical population, mor-
bidity, ward type, and the operational definition utilized 
for the classification of frailty [98]. The authors noted that 
the overall pooled prevalence estimate of frailty of 47.4% 
reported within this review, placed the prevalence of frail-
ty among geriatric inpatients between that reported for 
community-dwelling older adults at 10.7% [105], and old-
er adults in nursing homes at 52.3% [104]; outlining an 
increase in the relative prevalence of frailty with progres-
sion through the healthcare system [98]. Further the au-
thors noted the overall pooled prevalence of pre-frailty of 
25.8% was lower than that reported for both community-
dwelling older adults at 41.6% [105], and nursing home 
residents at 40.2% [104]; while the combined prevalence 
estimates of both frailty and pre-frailty increased from 
52.3% among community-dwelling older adults, to 73.2% 
among geriatric inpatients, and to 92.5% among nursing 
home residents. The authors concluded that this under-
scores differences in the relative prevalence of frailty status 
between community, and hospital inpatient settings, are 
the result of an increase in the relative prevalence of frailty, 
and similar decreases in the relative prevalence of pre-frail-
ty and robustness. However, differences in the relative 
prevalence of frailty status between hospital inpatient and 
nursing home settings, appear primarily the result of a rel-
ative increase in the prevalence of pre-frailty, and decrease 
in the prevalence of robustness [98].

The overall pooled frailty, and pre-frailty, prevalence 
estimates of 47.4% (95% CI: 43.7–51.1%), and 25.8% 
(95% CI: 22.0–29.6%) reported within this review were Ta
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consistent with estimates of a systematic review and me-
ta-analysis examining the prevalence of frailty and pre-
frailty among hospitalized older adults in several studies 
which also assessed undernutrition risk, at 47% (95% CI: 
37–57%) and 36% (95% CI: 29–44) respectively [110]. 
Similarly, the pooled prevalence estimates of frailty on 
acute wards of 51.1% (95% CI: 35.9–66.2%), and among 
all acute hospital inpatients of 47.3% (95% CI: 42.8–
51.8%) were outlined to be relatively consistent with 
findings of a recent scoping review, which reported a 
median frailty prevalence of 49% (range 34–69%) in 
acute care hospital settings [111]. Further, this review 
reported no significant differences in the prevalence of 
frailty stratified by sex. The authors noted that this con-
trasts systematic reviews and meta-analysis regarding 
the prevalence of frailty among community-dwelling 
older adults [98, 99, 105]. However, further noted these 
findings are consistent with systematic reviews and me-
ta-analysis among other clinical populations of older 
adults such as nursing home residents [104]; concluding 
that these findings further contribute to the evidence 
that sex differences in the prevalence of frailty among 
community-dwelling older adults may dissipate among 
clinical geriatric populations [98].

The Impact of Frailty
Frailty is associated with a myriad of adverse health 

outcomes, which have both personal and economic con-
sequences. Among these adverse outcomes include the in-
creased occurrence of falls, fractures, worsening mobility, 
disability, cognitive decline, dementia, depression, hospi-
talization, institutionalization, and mortality [69, 112–
117]. Moreover, frailty has been consistently shown to be 
associated with increased healthcare cost and usage [118–
120]. For example, a cross-sectional analysis of approxi-
mately 2,600 older adults aged ≥60 years in Germany 
found that the mean 3-month healthcare expenditure was 
almost sixfold higher among the frailest participants (five 
positive Fried frailty phenotype criteria), at € 3,659, com-
pared to the least frail participants (no positive Fried frail-
ty phenotype criteria), at € 642 [121]. A subsequent 3-year 
longitudinal analysis of over 1,600 older adults within the 
same cohort found that progression from a non-frail to a 
frail state was associated with an average of 54%–101% 
increase in healthcare cost in those with 3, and 4 or 5 pos-
itive frailty criteria respectively; including a 200% increase 
in inpatient costs from those who transitioned from non-
frail (no positive Fried frailty phenotype criteria) to low 
levels of frailty (three positive Fried frailty phenotype cri-
teria) [122]. Similarly, a recent analysis of 5,300 commu-

nity-dwelling older adults aged ≥60 years in China, found 
frailty to be an independent predictor of increased health 
expenditure [118]. However, the impact of frailty on an 
individual’s life extends further than the clinical mani-
festation or economic impact of these adverse health 
outcomes, with frailty additionally being associated with 
a reduced quality of life, and loneliness [123, 124].

The Associations between Frailty and Socio-Economic 
Variables
While at the individual level there is evidence of the as-

sociation between socio-economic status and frailty onset 
and progression [34], at the societal level the association 
between economic variables and frailty is less well evi-
denced. Preliminary research into this area has shown the 
prevalence of frailty in the community to be correlated 
with national economic indicators such as gross domestic 
product (GDP) per capita purchasing power parity (PPP) 
and healthcare expenditure per capita PPP. However, not-
ed that more research is needed to better understand the 
relationship between macroeconomic indicators and the 
prevalence of frailty [125]. A recent systematic review and 
meta-analysis found no association between the preva-
lence of frailty among geriatric hospital inpatients and 
GDP per capita PPP, or healthcare expenditure per capita 
PPP [98]. The authors postulated it possible that these as-
sociations, while present in the community, are not pres-
ent in inpatient hospital settings, and that given the inher-
ent nature of hospital inpatient settings, i.e., institutions 
for chronically or acutely unwell patients, such association 
may be more sensitive among community-dwelling older 
adults. However the authors noted more large-scale and 
comprehensive studies are required in a variety of settings 
as a limitation of these ana lyses was that included studies 
were predominantly from economically developed coun-
tries due to limited evidence presently from low-income 
countries [98, 103]. The authors further noted that while 
it has been postulated that increases in economic pros-
perity may limit the prevalence and burden of frailty 
[129], these findings bring this postulation into ques-
tion, and as such reliance of non-direct intervention 
such as economic development to improve the preva-
lence and burden of frailty on health systems alone, ap-
pear to be misplaced, and suggests the need for more 
direct interventions to address the burden of frailty 
among this population [98].

The Prevention, Treatment, and Management of Frailty
Presently, care plans specifically for frail individuals 

have yet to be extensively developed or assessed. How-
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ever, there are several proposed treatments and care 
pathways involved in the prevention, treatment, and 
management of frailty. Initial establishment of agreed 
goals of care may be assisted in clinical settings in par-
ticular by a comprehensive geriatric assessment, which 
can provide a framework from which to develop a 
management and intervention plan for frail individu-
als. Further, as frailty progresses patients will develop 
different care needs, and require different forms of 
care, often in different settings (Table 4).

Regular physical activity and exercise have been shown 
to provide a degree of protection against multiple com-
ponents of frailty in both sexes, at all stages of the condi-
tion, and all stages of the life cycle [126, 127]. Further, 
exercise interventions have been proposed as potentially 
offering the best form of treatment for frail older adults 
[106], with promising results in a variety of settings and 
geriatric populations [128, 129], and even shown to medi-
ate the reversal of frailty in some cases [130, 131]. How-
ever, more research is needed to determine the feasibility  
and efficacy of exercise interventions in different settings 
and clinical populations [25, 131].

Exercise Interventions for Frail Geriatric Populations
Regular physical activity and exercise have been 

shown to consistently improve cognition, physical func-
tion, sarcopenia (low muscle quantity, strength, and 
performance), and mood in both non-frail and frail old-
er adults [126]. While inactivity is a modifiable risk 
factor for frailty onset and progression, physical activity 
and exercise are known to improve function across 

multiple physiological systems, including the muscle, 
heart, brain, endocrine system, and inflammation re-
sponse [132]. In this regard, exercise can improve func-
tion in all physiological systems known to be dysregu-
lated with the onset and progression of frailty [133]. 
However, while there is evidence of the benefits of exer-
cise regarding the prevention, treatment, and potential 
reversal of frailty, it is universally noted that there needs 
to be more studies within this area to truly assess the fea-
sibility and efficacy of exercise in frail geriatric popula-
tions within different settings, and particularly in clinical 
settings [25, 134]. Further, to increase external validity of 
such studies, particularly those among clinical cohorts, it 
is imperative that prospective studies attempt to recruit 
as representative a sample as possible, so that feasibility 
and efficacy assessments are extrapolatable to real-world 
settings. In this regard for example, a recent systematic 
review examining exclusion rates in 305 randomized 
controlled trials involved in the treatment of 31 physical 
conditions, reported that a quarter of all trials excluded 
89% of patients with the specific condition to be treated 
within that trial, while half excluded 77.1% of patients 
with the condition. Those excluded were primarily at-
tributed to advanced age, and those with significant co-
morbidity and co-prescription; characteristics which are 
ubiquitous among those treated in clinical practice [135]. 
Though it is often required to exclude certain cohorts to 
define the clinical population and control for confound-
ing factors, particularly with regard to exercise interven-
tions which pose a low likelihood of contraindication, it 
is essential that representative samples are examined, 

Table 4. Trajectory of care for frail individuals (adapted from [36])

Primary care Advanced age older adult Primary prevention
Adoption/continuation of unhealthy lifestyle behaviours
Accumulation of frailty deficits and risk factors for disease

Diagnosis of chronic disease Secondary prevention

Acute care Acute decompensation of disease
Cycle of stabilization and destabilization

Specialist care Progression of disease to advanced stage
Intensive medical or surgical therapy

Iatrogenic complication from therapy Tertiary prevention
Prolonged hospitalization

Post-acute care Functional decline
Institutionalization

Palliative care Readmission to hospital
Death
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which among frail older adults, and particularly in cer-
tain settings, invariably includes those with significant 
comorbidities and polypharmacy.

Interventions among Community-Dwelling Older 
Adults
Exercise, or exercise and nutrition interventions com-

bined, have been shown to be capable of reversing frailty 
[130, 131, 136], or limiting its progression [137, 138], 
among cohorts of community-dwelling older adults.

Interventions among Older Adults in Residential Care 
(Assisted Living and Nursing Home Residents)
The implementation of exercise interventions in nursing 

home settings has been shown to be effective in improv-
ing strength, gait speed, and balance in older adults resid-
ing in these settings [139, 140]. Further, individualized 
and progressive multicomponent exercise interventions 
at a moderate intensity have been shown to be effective in 
the prevention of falls, and the reduction of frailty and 
mortality among older nursing home residents [129].

Interventions among Hospitalized Older Adults
As previously described by Doody et al. [141], acute 

hospital admission for older adults is associated with fur-
ther loss of physical activity and represents a period of in-
creased susceptibility to sarcopenia and frailty [142]. Frail-
ty is associated with longer stay and increased rates of mor-
tality in hospitalized older adults, as well as serving as a 
predictor of readmission [143, 144]. As such there is a cru-
cial need to examine the feasibility of such interventions 
within this setting, and whether these interventions can be 
effectively implemented to improve the health of frail old-
er populations in inpatient hospital ward settings. Prelim-
inary evidence has shown some success in the implementa-
tion of exercise interventions to reverse functional decline 
among general geriatric inpatient populations [145, 146], 
and walking during hospitalization has been shown to be 
associated with a shorter length of stay [147]. However, to 
date, presently, there are no studies which have attempted 
to assess the feasibility or efficacy of such an intervention 
in operationally defined frail participants with more sig-
nificant initial impairments.

Future Directions
There are several research directions which are pertinent 

to the advancement of the understanding of frailty and the 
promotion of healthy longevity among the increasing glob-
al population of older adults. More generally within the 
frailty field, further work towards a universally accepted op-

erational definition of the construct, to practically comple-
ment the theoretical definition [18], is of paramount inter-
est to the field. Additionally, the association between frailty 
and other related composite measures such as allostatic 
load [148–150] and intrinsic capacity [90, 92], and the po-
tential utilization of these constructs as inexpensive proxy 
measures for biological ageing (identified through associa-
tions with the pattern of DNA methylation at different cy-
tosine-phospho-guanine sites which correlate with mortal-
ity and time [151, 152], morbidity and lifespan [153–156], 
and the pace of ageing [157]) is of interest for future re-
search. The initial validation of cost-effective assessments 
as valid proxy measures of biological ageing may allow for 
a better understanding of ageing, not only in economically 
developed nations, but also throughout the globe, and es-
pecially among less economically developed areas of the 
world. The lack of data in these regions in particular will 
become increasingly important from a global perspective, 
given that these are the regions of the world projected to 
undergo the largest population growth in the coming cen-
tury (e.g., the population of sub-Saharan Africa is projected 
to grow 298% from 2017 to 2100, from 1.03 to 3.07 billion), 
while conversely, many economically developed regions 
are projected to experience marked population decline 
(e.g., Europe’s population is projected to decline 19.2% 
from 2017 to 2100, from 758 to 613 million, and China’s 
population is projected to decline 48% over the same peri-
od, from 1.41 billion to 732 million) [158].

Further, as frailty is a relatively new concept, particu-
larly as an operationally defined one, with most studies 
cited within this review published in the past 20 years, the 
potential change in frailty over time, particularly as it re-
lates to national policy directives, and economic indica-
tors are of interest for future research. Although at the 
individual level there is evidence of the association be-
tween socio-economic status and the frailty onset and 
progression [34], at the societal level, the association be-
tween economic variables and frailty is less well evi-
denced. More large-scale and comprehensive research is 
needed in this regard to better understand this relation-
ship between macroeconomic indicators and the preva-
lence of frailty in a variety of settings. Further, more com-
prehensive systematic analyses of this association between 
frailty and national economic indicators among commu-
nity-dwelling older adults, older adults in residential care 
settings, and hospitalized older adults, may help to further 
elucidate this relationship within relevant settings.

Regarding the provision of well-evidenced estimates of 
the prevalence of frailty within various settings, presently, 
there are no currently published well-evidenced pooled es-
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timates of the prevalence of frailty among older adults re-
siding in assisted living facilities. Further research is re-
quired to elucidate the prevalence of frailty among older 
adults in these settings. Further, adapted exercise interven-
tions among frail hospital and intermediate-care patients 
are also of interest for future research. Particularly, the 
continuation of these activities and assessments following 
patient discharge from hospital over a prolonged period, 
and the impact on these activities on measures of multidi-
mensional health and other health-related outcomes, such 
as readmissions, and cost-effectiveness. Exercise interven-
tions have been shown to be effective at reducing func-
tional decline among general hospital inpatients during 
hospitalization [145]; however, to date no research has 
been conducted among specifically frail inpatients, or pro-
viding continuity of the interventions, post-inpatient dis-
charge. Further, adapted exercise interventions may also 
be ideally suited within more stable clinical environments, 
such as those of intermediate-care facilities, assisted living 
facilities, nursing homes, or hospital at home settings.

Conclusion

Frailty and healthy longevity have become increasing-
ly important fields of research, which, if present global 
demographic trends persist, will continue to grow in 
importance as the world’s population ages. Further eluci-

dation of frailty, and its exploration in the context of 
emerging constructs, is pertinent to the advancement of 
frailty research and the promotion of healthy longevity 
among the increasing population of older adults.
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