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Abstract
An individual who is living with frailty has impairments in homeostasis across several body systems and is more vulnerable 
to stressors that may ultimately predispose them to negative health-related outcomes, disability and increased healthcare use. 
Approximately a quarter of individuals aged > 85 years are living with frailty and as such the identification of those who are 
frail is a public health priority. Given that the syndrome of frailty is defined by progressive and gradual loss of physiological 
reserves there is much scope to attempt to modify the trajectory of the frailty syndrome via physical activity and nutritional 
interventions. In this review we give an up to date account on the identification of frailty in clinical practice and offer insights 
into physical activity and nutritional strategies that may be beneficial to modify or reverse the frailty syndrome.
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Background

The syndrome of frailty is most associated with, but not an 
inevitable consequence of ageing and is characterised by 
a vulnerability to stressor events that can be both internal 
(e.g. infections and changes to medication) as well as exter-
nal (e.g. changes in a person’s immediate environment or a 
breakdown in social care) [1, 2]. Frailty represents a con-
siderable global healthcare burden, with an analysis of 21 
cohorts of 61,500 community dwelling older adults, across 
mainly developed countries, estimating global frailty preva-
lence in those aged 80–84 years to be 15.7%, increasing to 
26% in those aged > 85 years [3]. In the UK, NHS England 
estimate that 1.8 million people in the UK aged > 60 years 

are living with frailty, with diagnoses concentrated in those 
aged > 85.

Biological risk factors for the development of the frailty 
syndrome include age-related inflammatory processes, as 
well as common chronic diseases and their interactions 
with the environment. These factors lead to a physiologi-
cal decline across multiple body systems, including skel-
etal muscle and bone, the cardiorespiratory system and the 
immune and endocrine systems. Other important contribu-
tors for developing frailty span non-physical domains. For 
example, cognitive frailty refers to cognitive decline in 
absence of dementia, social frailty refers to loneliness and 
the lack of robust social networks and psychological frailty 
refers to the psychological traits in an individual that may 
predispose them to a stressor event (e.g. a recent bereave-
ment, low mood or a lack of motivation) [4, 5]. These con-
ceptual constructs of the frailty syndrome highlight that 
managing a patient who is living with frailty requires a more 
holistic approach to managing the cause, or combination 
of causes, that has led to a diagnosis of frailty or a hospital 
admission for a given person [6].

The accelerated loss of physiological reserves which 
characterises frailty can lead to wide range of common 
healthcare problems, such as a loss of strength, a reduc-
tion in mobility and subsequent falls, a reduced appetite and 
undernutrition, incontinence, sensory decline, and depres-
sion and anxiety. This accumulating dysregulation across 
multiple systems negatively impacts on previously normal 
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homeostatic mechanisms, leading to a failure to return to 
a previous level of functioning after a stressor event and 
further acceleration of the development and progression of 
the frailty syndrome (Fig. 1). Ultimately, living with frailty 
predisposes an individual to increased healthcare depend-
ency, including the use of multiple prescribed drugs, more 
frequent emergency hospital admissions and prolonged hos-
pital stays, an accelerated transition to residential care, and 
ultimately, higher rates of mortality [7, 8].

In this article we aim to give an up to date account on the 
identification of frailty in clinical practice and offer insights 
into physical activity and nutritional strategies that may be 
beneficial to modify or reverse the frailty syndrome.

Methods

A literature review was carried out utilising medical jour-
nal databases, including PubMed and the Cochrane Library. 
Search terms pertinent to this topic were used, such as 
“frailty”, “diagnosis”, “prevention”, “exercise”, “physical 
activity” and “nutrition”. Article titles and abstracts were 

then assessed for relevance and full-text screening per-
formed if the title or abstract contained one or more search 
terms and the article itself was deemed relevant to this topic. 
Articles were also selected for further review from the wider 
literature based on the authors own expertise and knowledge 
of pre-existing work in this field. Only English language 
studies or studies translated into English were included.

Identification of individuals living 
with frailty

Due to the disproportionate use of health and social care 
by individuals living with frailty, the routine identification 
and stratification of frailty across a variety of healthcare 
settings is crucial to enable the effective clinical manage-
ment for this patient group. This can be facilitated through 
processes such as the comprehensive geriatric assessment 
(CGA). This is an evidence based multidimensional and 
interdisciplinary assessment of medical, psychological and 
functional capabilities aimed at developing an integrated 
plan for treatment and care of older persons. Furthermore, 

Fig. 1  Determinants and development of frailty. The ideal healthy 
ageing paradigm, free of illness and physiological vulnerability, is 
represented by the thick line (blue). Frailty, represented by the thin 
line (red), develops as a continuum from a state of being physi-
ologically robust and independent to being at risk of disability and 
dependency and, ultimately, to being hospitalised institutionalised 
or at risk of dying. In younger robust individuals (a) rapid recovery 
after an injury or illness that leads to reduced functional capacity is 
more likely. Later in the life course, cumulative physiological decline 
across multiple body systems leads to episodic functional, psycholog-

ical or cognitive decompensation. At this stage, recovery after these 
stressor events takes longer as physiological and cognitive reserves 
are depleted. Eventually, a transition point in later life is crossed 
when the individual cannot compensate adequately and the ability 
to perform daily activity diminishes. This increases the likelihood of 
disability, healthcare service use or hospitalisation as a consequence 
of a relatively minor stresses or insults. Ultimately, the accumulation 
of these homeostatic insults results in further disability, healthcare 
dependency, recurrent hospitalisation, institutionalisation and risk of 
dying (b). [86] Adapted from Patel et al. 
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the process of CGA in itself is associated with favour-
able outcomes, such as reduced hospital length of stay and 
readmission rate, decreased mortality and improved cogni-
tion [9, 10]. The most established international models of 
frailty identification which can be assessed through such 
an assessment are the phenotype model, the cumulative 
deficit model and the clinical frailty scale (CFS), which 
are amongst a plethora of other frailty measurement sys-
tems each validated in local settings [11].

The phenotype model, developed by Fried et al., identi-
fies frailty by the presence of at least three of five physi-
cal characteristics; weight loss, exhaustion, low energy 
expenditure, slow walking speed and low handgrip 
strength [12]. In contrast, the cumulative deficit model 
identifies frailty based on the accumulation of a range 
of symptoms, sensory deficits, clinical signs, diseases, 
disabilities and abnormal laboratory test results. Based 
on these metrics an index score is calculated, which is a 
function of the number of deficits present in an individual 
divided by the total number of deficits possible within the 
population sample [13]. The frailty index score which is 
generated, ranging from 0–1, is therefore a measure of 
accumulated vulnerability and indicates the likelihood of 
adverse outcomes [14]. In clinical practice, identification 
of frailty using the Canadian Study of Health and Age-
ing (CSHA) CFS is commonly used [13]. It is a simple 
tool based on a multidisciplinary assessment of physical, 
psychosocial, functional and environmental factors. This 
includes assessment of gait, balance, mobility, muscle 
weakness, osteoporosis risk, visual impairment, cognitive 
impairment and urinary incontinence. A frailty category 
is then assigned, ranging from 1 (fit) to 7 (severe frailty), 
with this system being designed to be easily used by the 
wider multidisciplinary team, such as occupational thera-
pists, physiotherapists and social workers. The formula-
tion of an individualised care plan for a given patient with 
frailty can then be informed by this frailty category.

In addition, an electronic frailty index (eFI) is now rou-
tinely available to be calculated on an automated basis 
from UK primary care system records. This is based on the 
cumulative deficit model and a total of 36 deficits spanning 
physical, social, psychological and cognitive domains are 
assessed [7]. The eFI identifies older people aged 65–95 
with mild (eFI 0.12–0.24), moderate (0.24–0.36) or severe 
frailty (≥ 0.36) and has robust predictive capability for hos-
pitalisation, institutionalisation and mortality.

The early identification of those who are frail can not 
only facilitate appropriate immediate clinical management 
for this patient cohort but can also enable the implementa-
tion of potential preventative or mitigating strategies by the 
multidisciplinary team, with exercise- and nutrition-based 
interventions being some of the most closely examined.

Physical activity and the prevention of frailty

The degree to which somebody is physically active can 
directly contribute to the frailty syndrome in several ways. 
Firstly, physical inactivity can lead to a myriad of diverse 
chronic health issues, including cardiovascular disease, 
cerebrovascular disease, type two diabetes, depression 
and dementia. As mentioned previously, the effect of these 
conditions on physiological reserves can in turn result in 
the development or progression of the frailty syndrome. 
Secondly, a reduction in a person’s mobility or muscular 
strength are explicit diagnostic criteria for several frailty 
identification models, including the phenotype model, 
as mentioned previously. Lastly, a fall and the potential 
adverse sequalae following a fall, such as a bone fracture 
or a hospital admission, often represent an acute decom-
pensation event for somebody with frailty, leading to a fur-
ther loss in physiological reserve and a progression of the 
severity of their frailty. To this end, both North American 
and British guidelines advocate that older adults, particu-
larly those at risk of falls, should carry out multi-compo-
nent physical exercises that include both resistance- and 
balance-based activities [15, 16].

Resistance‑based exercise

Sarcopenia, which is the progressive and generalised loss 
of skeletal muscle mass, strength and function, is now 
recognised as a key component of the frailty syndrome 
[17]. One of the more traditional focuses of exercise-based 
interventions in older persons has been to improve mus-
cle strength using resistance-based exercise programmes, 
reducing the development of sarcopenia and therefore 
also delaying the onset of frailty [18]. Resistance training 
has also been shown to decrease all-cause mortality and 
can improve functional performance, including posture, 
balance and endurance [19, 20]. Furthermore, in several 
studies where gait speed has been used as the primary 
outcome measure there is evidence to suggest that progres-
sive resistance training with high intensities improves gait 
speed and hence decreases risks of falls, as well as morbid-
ity and mortality [21–24].

In addition to preserving skeletal muscle, resistance 
exercise has also been shown to increase bone strength 
through repeated mechanical loading, thereby improving 
bone mineral density and reducing the development of 
osteoporosis [25]. A Cochrane systematic review carried 
out by Howe et al. examined 43 randomised controlled 
trials and found the most effective type of exercise for 
increasing neck of femur bone mineral density to be non-
weight bearing high force exercise, such as progressive 
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resistance strength training for the lower limbs [26]. More 
recently, resistance-based intervention programmes have 
focused on improving biomechanical imbalances that pre-
dispose to risk of falling, including abdominal trunk weak-
ness, hip flexion and knee extension strength [27–29]. By 
reducing the risk of falls and subsequent fractures through 
improved bone mineral density acute decompensations and 
progression of the frailty syndrome may be mitigated.

Balance‑ and functional‑based exercise

A recent Cochrane systematic review of 108 randomised 
control trials performed by Sherrington et al. identified 
that exercise programmes which most effectively reduced 
falls primarily involved balance and functional exercises, 
as opposed to other physical exercise modalities [30]. In 
contrast, a recent meta-analysis carried out by Van Abbema 
et al. found that the addition of balance training or balance 
and endurance training to resistance training did not increase 
the positive effect of resistance training alone on gait speed. 
However, the authors identified that there was evidence to 
suggest that exercise with a rhythmic component, such as 
walking or dancing to music, may improve gait speed [31]. 
In addition to gait and balance training, there is increasing 
evidence that Tai Chi reduces the risk of falls in older adults 
[30, 32]. There are numerous components to Tai Chi, includ-
ing mindfulness and active relaxation, but it is thought that 
the slow, rhythmic movements of Tai Chi improves balance 
control ability by focusing on the centre of gravity in con-
stantly changing positions, as well as by strengthening lower 
limbs and increasing flexibility [33].

Exercise and cognitive function

As mentioned previously, an appreciation of the psychoso-
cial and cognitive aspects of frailty are important to fully 
understand how the syndrome develops and progresses. 
There have been significant advances in recent years in our 
understanding of how physical exercise may benefit cogni-
tive function in older age. Aerobic exercise is thought to 
improve cognition via increased cerebral blood flow, thereby 
increasing oxygenation and providing energy for neurogenic 
and metabolic activity [34, 35]. Furthermore, there has been 
growing evidence that aerobic exercise produces changes 
in hippocampal structure and volume, resulting in the 
improved formation of new memories as well as improved 
spatial orientation [36, 37]. A recent meta-analysis by Firth 
et al. suggests that aerobic exercise retains volume in the 
left hippocampus and they concluded that more research is 
needed to further investigate the beneficial effects of aer-
obic exercise on other areas of the brain, including white 
matter regions and the basal ganglia [38]. More recently, 
the intensity of aerobic exercise and complexity of motor 

training tasks has been associated with global neuroplasti-
city, thereby enhancing overall cognitive function [39]. Fur-
thermore, the additional benefits that rhythmic exercises and 
Tai Chi appear to generate above and beyond other balance-
based exercises may be explained by these types of regimes 
improving cognitive function, as opposed to muscular or 
bone strength [31, 40].

Aside from its physical benefits, regular exercise has also 
been shown to be beneficial in the treatment of depression in 
older adults [41]. During exercise, endogenous opioid neuro-
peptides or endorphins are released from the pituitary gland, 
blocking neurotransmitters involved in the transmission of 
pain and creating a euphoric effect [42]. Regular exercise 
can also increase confidence, self-esteem and reinforce posi-
tive behaviours if the physical changes that occur create a 
sense of achievement. In older adults, regular group exercise 
has been shown to increase feelings of social connection 
within a community and the mutual social support can con-
tribute to sustaining physical activity in the long term [43, 
44]. As such, exercise-based interventions may be beneficial 
for reducing both social and psychological frailty.

As can be seen, encouraging regular exercise can promote 
healthy ageing and reduce the long-term health sequelae of 
frailty, thereby reducing its impact on healthcare systems. 
This has been supported by numerous studies positively 
associating regular exercise with reduced falls risk and 
improved balance, mobility, muscle strength and a reduction 
markers of frailty [45]. Whilst current evidence suggests that 
exercise in the older person should be a combination of aero-
bic and resistance-based exercise, more research is needed 
to reach a general consensus regarding the most effective 
exercise programme for an individual with frailty.

Nutrition and the prevention of frailty

The role of nutrition in the prevention and progression of 
the frailty syndrome is becoming increasingly well under-
stood, with several macronutrients and micronutrients hav-
ing been identified as directly contributing to, or interacting 
with, frailty.

Protein

Protein has received much attention in relation to the preven-
tion of frailty due to its central role in muscle metabolism. 
Protein intake is the major contributor to muscle anabolism 
in older persons and contributes to the prevention of sarco-
penia [46]. Sarcopenia, and the resulting impaired physical 
functioning, is a key contributor to the larger frailty syn-
drome due to its interaction with several widely accepted 
frailty criteria; namely low muscle strength, poor physical 
performance and reduced physical activity [1].
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There is a wealth of observational data associating 
increased protein intake in older persons with improved 
physical functioning. The Health, Aging, and Body Compo-
sition (Health ABC) Study assessed protein intake amongst 
participants aged 70–79 years via questionnaire and assessed 
changes in body lean mass over 3 years [47]. They found 
that participants in the highest quintile of protein intake (on 
average 91 g/day) lost approximately 40% less lean mass 
compared to the lowest quintile of protein intake (on aver-
age 56.9 g/day). Other studies have gone onto directly asso-
ciate raised levels of protein intake in older persons with 
reduced prevalence of frailty. One of the earliest notable 
studies investigating this topic was by Kobayashi et al. who 
investigated the associations between estimated protein 
intake in Japanese women aged > 65 years and frailty [48]. 
They found that total protein intake was inversely associated 
with prevalence of frailty when comparing the third, fourth 
and fifth quintiles of protein intake within their cohort to 
the first quintile. Several other studies have corroborated 
these findings, with a recent meta-analysis of four directly 
comparable cross-sectional studies concluding that protein 
intake was significantly negatively associated with frailty 
(OR 0.67, 95% CI 0.56–0.82, p = 0.0001) [49]. Interest-
ingly, Kobayashi et al. also noted that the specific source of 
protein (i.e., whether the protein was derived from plant or 
animal) did not affect the prevalence of frailty [48]. Some 
consideration has also been given to the timing of protein 
consumption during the day. Bollwein et al. found that distri-
bution of protein intake throughout the day, rather than total 
daily intake of protein, was associated with the prevalence 
of frailty, with frail participants consuming more protein 
at midday and less protein in the morning, and vice versa 
[50]. However, their findings have yet to be replicated by 
other studies.

Based on observational studies such as these it has 
been hypothesised that, for many older persons, protein 
intake may be inadequate and contributes to the develop-
ment of frailty. Indeed, two USA-based studies noted that 
protein intake is less than the WHO Recommended Daily 
Allowances (RDA) of 0.8 g/kg/day in one third of women 
aged > 50 years and a quarter of men aged > 50 years [51, 
52]. Furthermore, there is evidence to suggest that the cur-
rent protein RDA is insufficient for older persons to maintain 
a stable muscle mass and maintaining protein intake at this 
level or below may result in a loss of skeletal muscle and 
subsequent development of sarcopenia [53, 54]. However, 
there has been much deliberation on what optimal and safe 
protein intake for older persons is. Increasing the protein 
content in older persons by a large amount may potentially 
lead to a damaging increase in metabolic workload for the 
kidneys due to the increased amounts of protein catabolism 
[55]. Additionally, older frail patients tend to struggle to 
consume additional oral supplements, even with help from 

specially trained staff [56] and poor concordance with nutri-
tional supplements has been described due to a range of 
gastrointestinal side effects, such as diarrhoea [57]. It should 
also be noted that protein supplementation in older persons 
can reduce appetite and induce early satiety, reducing the 
intake of other crucial dietary components and worsening 
aged-related weight loss [58].

Several intervention studies investigating a range of 
potential hyperproteic dietary regimes have produced 
inconsistent results. A major meta-analysis by Milne et al. 
in 2006 of 55 trials of protein and energy supplementa-
tion in older persons found that dietary supplementation 
reduced overall mortality and improved outcomes for those 
admitted to hospital [57]. However, these results were only 
borderline significant and largely limited to patients with 
pre-existing malnutrition within the hospital population, as 
opposed to community population. Based on this current 
evidence base, there has been expert consensus opinion in 
recent years recommending a protein intake of ≥ 1.0–1.2 g/
kg/day for healthy older people, and of 1.2–2.0 g/kg/day of 
protein intake for those who are malnourished or at risk of 
developing further comorbidities, i.e. those who are frail or 
pre-frail [59, 60]. However, these is little evidence yet as 
to whether this regime translates into an improvement in 
patient outcomes. One recent 12 week double-blind, pla-
cebo-controlled randomised controlled trial has assessed the 
effects of protein intake of 0.8, 1.2, and 1.5 g/kg/day, which 
is within the range of this new recommended protein intake, 
on muscle mass, strength, and physical function in older per-
sons who are pre-frail and those who are frail and at risk of 
malnutrition [61]. They found that the intervention was safe 
and that amongst those who received 1.5 g/kg/day there was 
an improvement in appendicular lean mass and gait speed. 
However, there was no significant improvement in physi-
cal function, muscle strength or the recorded frailty index. 
Further evidence is clearly needed supporting the efficacy of 
this dietary regime before definitive public health advice can 
be given regarding protein intake and prevention of frailty 
amongst older persons.

Calorie intake

Low energy intake is very common amongst older persons, 
with calorific intake progressively declining by approxi-
mately 25% between the fourth and seventh decades of 
life [62]. Furthermore, reduced energy intake is even more 
prevalent in older persons who are residents in long-term 
healthcare facilities, such as care homes [63]. This reduced 
calorific intake has been associated with reduced mus-
cle mass, reduced physical performance, weight loss and 
increased disability [62, 64], which are all factors closely 
associated with the frailty syndrome. To sufficiently meet 
resting energy expenditure in older persons it has been 
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calculated that, on average, 25  kcal/kg/day is needed, 
which is increased to approximately 32.5 kcal/kg/day when 
accounting for normal physical activity [65]. Several studies 
have found that calorie intake lower than this level is associ-
ated with increased prevalence of frailty in older persons. 
The InCHIANTI study found that daily energy intake of less 
than 21 kcal/kg was associated with frailty [66]. Further-
more, in a 10 year longitudinal observational study, women 
who had daily intake of less than 25 kcal/kg had a three-fold 
increased risk of dying or becoming frail [67] and the recent 
Rotterdam study found that in their cohort for every 100 kcal 
increase the prevalence of frailty was 5% lower [68]. How-
ever, there is little interventional evidence to support directly 
supplementing the diet of older persons calorifically. The 
previously mentioned meta-analysis by Milne et al. found 
no significant positive associations between calorific sup-
plementation, when combined with protein supplementation, 
and morbidity for the community older person population, 
but did find a modest improvement in mortality and mor-
bidity amongst those in hospital [57]. However, Kim et al. 
later found that energy supplementation of 400 kcal/day, 
alongside protein supplementation of 25 g/day, did improve 
physical performance and significantly slowed the rate of 
decline in gait speed and the timed “up-and-go” test [69].

Vitamin D

Vitamin D has remained a focus of nutritional supplementa-
tion in the context of frailty due to multiple large observa-
tional studies associating 25 hydroxy-vitamin D (25(OH)
D) deficiency with poorer physical performance, disability 
and frailty. The Third National Health and Nutrition sur-
vey (NHANES III) found that 25(OH)D deficiency (defined 
as < 15 ng/ml) was associated with a 3.7 times increased risk 
of developing frailty [70]. Similar results were produced in 
the InCHIANTI study, which found that pre-frail subjects 
with 25(OH)D levels < 20 ng/ml were 8.9% more likely to 
die or to become frail than pre-frail subjects with 25(OH)D 
levels > 20 ng/ml [71]. Furthermore, a recent meta-analysis 
of seven other observational studies found that, when com-
paring the lowest recorded level of 25(OH)D to the highest 
recorded level, older persons were 27% more likely to be 
frail [72].

Despite these promising data, evidence to support the 
efficacy of vitamin D supplementation to prevent frailty 
is inconsistent. A meta-analysis of 13 randomised con-
trolled trials by Muir et al. found that supplementation 
of 800–1000 international units of 25(OH)D in adults 
aged > 60  years was associated with improvements to 
strength and balance [73]. However, another meta-analysis 
of 17 randomised controlled trials by Stockton et al. found 
no associations between 25(OH)D supplementation and 
grip or proximal lower limb strength [74]. Interestingly, 

they did find a positive association between vitamin D 
supplementation in those who were 25(OH)D deficient 
(defined as < 25 nmol/l) and hip strength. This finding is 
supported by a study by Bischoff-Ferrari et al. in which 
post-menopausal vitamin D deficient women with an aver-
age 25(OH)D level of 13.2 ng/ml were found to have a 
2.8 fold increase in lower extremity function after daily 
supplementation with 20 μg of 25(OH)D [75]. There-
fore, targeted vitamin D supplementation in those who 
are already vitamin D deficient may result in improved 
physical functioning, and therefore reduced prevalence of 
frailty, in later life. However, there has yet to be any stud-
ies investigating the effects of vitamin D supplementation 
on the development of frailty specifically.

Mediterranean diet

Due to the complex synergistic relationships that individual 
dietary components display which each other effort has 
been made to investigate how more generalised dietary pat-
terns may relate to frailty. One of the most widely evaluated 
dietary patterns is the Mediterranean diet. There are vary-
ing definitions of the Mediterranean diet, but most include 
higher daily intake of vegetables, fruits, cereals, olive oil and 
fish with comparatively lower intakes of red meat, processed 
meat, sweets and dairy compared to other diets [76]. Whilst 
the benefits of the Mediterranean diet have been extensively 
documented in relation to cardiovascular disease, cancer and 
neurodegenerative disorders [77], several observational stud-
ies have specifically examined the associations between 
adherence to the Mediterranean diet and frailty. In a cross-
sectional study Bollwein et al. found that in German adults 
aged > 75 years greater compliance with the Mediterranean 
diet was associated with a significantly reduced prevalence 
of frailty [78]. Similar findings were observed using the 
prospective cohort from the Italian InCHIANTI study [79]. 
In community-dwelling adults aged > 65 years after 6-year 
follow-up closer adherence to the Mediterranean diet was 
associated with a lower risk of developing frailty. These 
findings have also been replicated outside of the Western 
setting, with Chan et al. describing a similar reduction in 
frailty prevalence in those who followed a Mediterranean 
diet in rural China [80]. Finally, a recent meta-analysis of 
four comparable observational studies found that greater 
adherence to the Mediterranean diet was significantly asso-
ciated with a reduced incidence risk of frailty (OR 0.44, 95% 
CI 0.31–0.64, p < 0.001, for a Mediterranean diet score of 
6–9) [81]. Considering that increased comorbidity status is 
thought to contribute to the development of frailty [82], it is 
perhaps unsurprising that the Mediterranean diet, which has 
wide-ranging benefits in relation to many disease processes, 
is so clearly preventative for the development of frailty.
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Conclusions and future research

Older individuals living with frailty use considerable 
resources in the last 12 months of life. Identifying indi-
viduals who are vulnerable, pre-frail or are living with 
frailty should be an essential part of assessment of older 
people as this aids health and social case resource alloca-
tion, service planning and can inform the implementation 
of potential preventative strategies by the multidisciplinary 
team.

Whilst several individual dietary or physical activ-
ity interventions have clear potential benefits for those 
who are pre-frail or frail the existing evidence base is too 
inconsistent to recommend the optimal mode of a single 
physical activity or a single dietary regime for the pre-
vention of frailty [83, 84]. However, there is emerging 
evidence for the synergistic benefits for combined activity 
and nutritional interventions for the older person living 
with frailty. One study of particular interest is SPRINTT 
(Sarcopenia and Physical Frailty in Older People: Multi-
Component Treatment Strategies), a large, multi-centre 
randomised controlled trial with a key goal being to evalu-
ate the effectiveness of a multi-component intervention in 
preventing mobility disability in the older person. Partici-
pants were randomly assigned to either a multi-component 
intervention group which incorporated a physical activity 
intervention, a nutritional assessment and dietary inter-
vention and a health technology intervention or a placebo 
lifestyle education programme that met twice a month. 
The SPRINTT study is due to end on the 30th June 2019, 
after which optimal treatment and management options for 
the older person living with frailty and sarcopenia may be 
identified and whether the frailty trajectory can indeed be 
modified by such a combined physical activity and nutri-
tional intervention approach [85].

Acknowledgements SJW, OS and HPP are supported by the Depart-
ment of Medicine for Older People, University Hospital Southamp-
ton, Southampton, UK. EMD and CC are supported by the Medical 
Research Council, UK. HPP is supported by the NIHR Southampton 
Biomedical Research Centre, Nutrition and the University of South-
ampton. This report is independent research and the views expressed 
in this publication are those of the authors and not necessarily those 
of the NHS, the NIHR or the Department of Health. These funding 
bodies had no role in writing of the manuscript or decision to submit 
for publication.

Author contribution SJW and OS wrote the first draft. HPP edited and 
critically revised the subsequent draft versions. All authors read and 
approved the final version of this manuscript.

Funding This is an independent review from the authors as part of 
their medical roles within the UK National Health Service. No grants 
were obtained.

Compliance with ethical standards 

Conflicts of interest The authors declare they have no conflicts of in-
terests.

Ethics approval No ethics approval was required or necessary for the 
creation of this review article.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Clegg A, Young J, Iliffe S et al (2013) Frailty in elderly people. 
Lancet 381:752–762

 2. Dent E, Morley JE, Cruz-Jentoft AJ et al (2019) Physical frailty: 
ICFSR International clinical practice guidelines for identification 
and management. J Nutr Health Aging 23:771–787

 3. Collard RM, Boter H, Schoevers RA et al (2012) Prevalence of 
frailty in community-dwelling older persons: a systematic review. 
J Am Geriatr Soc 60:1487–1492

 4. Kelaiditi E, Cesari M, Canevelli M et al (2013) Cognitive frailty: 
rational and definition from an (I.A.N.A./I.A.G.G.) international 
consensus group. J Nutr Health Aging 17:726–734

 5. Gobbens RJ, van Assen MA, Luijkx KG et al (2012) The predic-
tive validity of the Tilburg Frailty Indicator: disability, health care 
utilization, and quality of life in a population at risk. Gerontologist 
52:619–631

 6. Turner G, Clegg A (2014) Best practice guidelines for the manage-
ment of frailty: a British Geriatrics Society, Age UK and Royal 
College of General Practitioners report. Age Ageing 43:744–747

 7. Clegg A, Bates C, Young J et al (2016) Development and vali-
dation of an electronic frailty index using routine primary care 
electronic health record data. Age Ageing 45:353–360

 8. British Geriatrics Society (BGS) (2018) Frailty: What’s 
it all about?. https ://www.bgs.org.uk/resou rces/frail ty-
what%E2%80%99s-it-all-about . Accessed 16 Jan 2020

 9. Ellis G, Gardner M, Tsiachristas A et al (2017) Comprehen-
sive geriatric assessment for older adults admitted to hospital. 
Cochrane Database Syst Rev 9:Cd006211

 10. Ellis G, Sevdalis N (2019) Understanding and improving mul-
tidisciplinary team working in geriatric medicine. Age Ageing 
48:498–505

 11. Dent E, Kowal P, Hoogendijk EO (2016) Frailty measurement in 
research and clinical practice: a review. Eur J Intern Med 31:3–10

 12. Fried LP, Tangen CM, Walston J et al (2001) Frailty in older 
adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci 
56:M146–M156

 13. Rockwood K, Song X, MacKnight C et  al (2005) A global 
clinical measure of fitness and frailty in elderly people. CMAJ 
173:489–495

http://creativecommons.org/licenses/by/4.0/
https://www.bgs.org.uk/resources/frailty-what%E2%80%99s-it-all-about
https://www.bgs.org.uk/resources/frailty-what%E2%80%99s-it-all-about


1636 Aging Clinical and Experimental Research (2020) 32:1629–1637

1 3

 14. Rockwood K, Mitnitski A (2006) Limits to deficit accumulation 
in elderly people. Mech Ageing Dev 127:494–496

 15. Services UDoHaH (2018) Physical Activity Guidelines for Ameri-
cans. https ://healt h.gov/pagui delin es/secon d-editi on/pdf/Physi 
cal_Activ ity_Guide lines _2nd_editi on.pdf. Accessed 16 June 2019

 16. Well NL. Physical activity guidelines for older adults. Accessed 
8 Oct 2018.

 17. Santilli V (2014) Clinical definition of sarcopenia. Clin Cases 
Miner Bone Metab 11:177–180

 18. de Labra C, Guimaraes-Pinheiro C, Maseda A et al (2015) Effects 
of physical exercise interventions in frail older adults: a systematic 
review of randomized controlled trials. BMC Geriatrics 15:154. 
https ://doi.org/10.1186/s1287 7-015-0155-4

 19. Papa EV, Dong X, Hassan M (2017) Resistance training for activ-
ity limitations in older adults with skeletal muscle function defi-
cits: a systematic review. Clin Interv Aging 12:955–961

 20. Saeidifard F, Medina-Inojosa JR, West CP et al (2019) The asso-
ciation of resistance training with mortality: a systematic review 
and meta-analysis. Eur J Prev Cardiol 26:1647–1665

 21. Fiatarone MA, O’Neill EF, Ryan ND et al (1994) Exercise training 
and nutritional supplementation for physical frailty in very elderly 
people. N Engl J Med 330:1769–1775

 22. Liu-Ambrose T, Khan KM, Eng JJ et al (2004) Balance confi-
dence improves with resistance or agility training. Gerontology 
50:373–382

 23. Cress ME, Buchner DM, Questad KA et al (1999) Exercise: 
effects on physical functional performance in independent older 
adults. J Gerontol Ser A Biol Sci Med Sci 54:M242–M248

 24. Persch LN, Ugrinowitsch C, Pereira G et al (2009) Strength train-
ing improves fall-related gait kinematics in the elderly: A rand-
omized controlled trial. Clin Biomech 24:819–825

 25. Hong AR, Kim SW (2018) Effects of resistance exercise on 
bone health. Endocrinol Metab (Seoul) 33:435–444. https ://doi.
org/10.3803/EnM.2018.33.4.435

 26. Howe TE, Shea B, Dawson LJ, et al. (2011) Exercise for prevent-
ing and treating osteoporosis in postmenopausal women. Cochrane 
Database Syst Rev: CD000333. https ://doi.org/10.1002/14651 858.
CD000 333.pub2

 27. Granacher U, Gollhofer A, Hortobágyi T et al (2013) The Impor-
tance of trunk muscle strength for balance, functional perfor-
mance, and fall prevention in seniors: a systematic review. Sports 
Med 43:627–641

 28. Demarteau J, Jansen B, Van Keymolen B et al (2019) Trunk 
inclination and hip extension mobility, but not thoracic kyphosis 
angle, are related to 3D-accelerometry based gait alterations and 
increased fall-risk in older persons. Gait Posture 72:89–95

 29. Demura T, Demura S-i, Uchiyama M et al (2014) Examination of 
factors affecting gait properties in healthy older adults. J Geriatr 
Phys Ther 37:52–57

 30. Sherrington C, Fairhall NJ, Wallbank GK et al (2019) Exercise for 
preventing falls in older people living in the community. Cochrane 
Database Syst Rev: CD012424. https ://doi.org/10.1002/14651 858.
CD012 424.pub2

 31. Van Abbema R, De Greef M, Crajé C et al (2015) What type, or 
combination of exercise can improve preferred gait speed in older 
adults? A meta-analysis. BMC Geriatrics 15:72

 32. Huang Z-G, Feng Y-H, Li Y-H et al (2017) Systematic review and 
meta-analysis: Tai Chi for preventing falls in older adults. BMJ 
Open 7:e013661

 33. Huang Y, Liu X (2015) Improvement of balance control ability 
and flexibility in the elderly Tai Chi Chuan (TCC) practitioners: 
a systematic review and meta-analysis. Arch Gerontol Geriatr 
60:233–238

 34. Querido JS, Sheel AW (2007) Regulation of cerebral blood flow 
during exercise. Sports Med 37:765–782

 35. Smith KJ, Ainslie PN (2017) Regulation of cerebral blood flow 
and metabolism during exercise. Exp Physiol 102:1356–1371

 36. Erickson KI, Voss MW, Prakash RS et al (2011) Exercise training 
increases size of hippocampus and improves memory. Proc Natl 
Acad Sci 108:3017–3022

 37. Kleemeyer MM, Kühn S, Prindle J et al (2016) Changes in fit-
ness are associated with changes in hippocampal microstruc-
ture and hippocampal volume among older adults. NeuroImage 
131:155–161

 38. Firth J, Stubbs B, Vancampfort D et al (2018) Effect of aerobic 
exercise on hippocampal volume in humans: a systematic review 
and meta-analysis. Neuroimage 166:230–238

 39. Netz Y (2019) Is there a preferred mode of exercise for cogni-
tion enhancement in older age?—a narrative review. Front Med 
(Lausanne) 6:57. https ://doi.org/10.3389/fmed.2019.00057 

 40. Zou L, Loprinzi PD, Yeung AS et al (2019) The beneficial effects 
of mind-body exercises for people with mild cognitive impair-
ment: a systematic review with meta-analysis. Arch Phys Med 
Rehabil 100:1556–1573

 41. Kok RM, Reynolds CF (2017) Management of depression in older 
adults. JAMA 317:2114

 42. Harber VJ, Sutton JR (1984) Endorphins and exercise. Sports Med 
1:154–171

 43. Komatsu H, Yagasaki K, Saito Y et al (2017) Regular group 
exercise contributes to balanced health in older adults in Japan: a 
qualitative study. BMC Geriatrics 17:190. https ://doi.org/10.1186/
s1287 7-017-0584-3

 44. Killingback C, Tsofliou F, Clark C (2017) Older people’s adher-
ence to community-based group exercise programmes: a multi-
ple-case study. BMC Pub Health 17:115. https ://doi.org/10.1186/
s1288 9-017-4049-6

 45. de Labra C, Guimaraes-Pinheiro C, Maseda A et al (2015) Effects 
of physical exercise interventions in frail older adults: a systematic 
review of randomized controlled trials. BMC Geriatr 15:154. https 
://doi.org/10.1186/s1287 7-015-0155-4

 46. Volpi E, Kobayashi H, Sheffield-Moore M et al (2003) Essential 
amino acids are primarily responsible for the amino acid stimula-
tion of muscle protein anabolism in healthy elderly adults. Am J 
Clin Nutr 78:250–258

 47. Houston DK, Nicklas BJ, Ding J et al (2008) Dietary protein 
intake is associated with lean mass change in older, community-
dwelling adults: the Health, Aging, and Body Composition 
(Health ABC) Study. Am J Clin Nutr 87:150–155

 48. Kobayashi S, Asakura K, Suga H et al (2013) High protein intake 
is associated with low prevalence of frailty among old Japanese 
women: a multicenter cross-sectional study. Nutr J 12:164. https 
://doi.org/10.1186/1475-2891-12-164

 49. Coelho-Júnior H, Rodrigues B, Uchida M et al (2018) Low pro-
tein intake is associated with frailty in older adults: a system-
atic review and meta-analysis of observational studies. Nutrients 
10:pii: E1334. https ://doi.org/10.3390/nu100 91334 

 50. Bollwein J, Diekmann R, Kaiser MJ et al (2013) Distribution but 
not amount of protein intake is associated with frailty: a cross-
sectional investigation in the region of Nürnberg. Nutr J 12:109. 
https ://doi.org/10.1186/1475-2891-12-109

 51. Fulgoni VL III (1554S) Current protein intake in America: anal-
ysis of the National Health and Nutrition Examination Survey, 
2003–2004. Am J Clin Nutr 87:1554S–S1557

 52. Valenzuela RER, Ponce JA, Morales-Figueroa GG et al (2013) 
Insufficient amounts and inadequate distribution of dietary protein 
intake in apparently healthy older adults in a developing coun-
try: implications for dietary strategies to prevent sarcopenia. Clin 
Interv Aging 8:1143–1148

 53. Campbell WW, Trappe TA, Wolfe RR et al (2001) The recom-
mended dietary allowance for protein may not be adequate for 

https://health.gov/paguidelines/second-edition/pdf/Physical_Activity_Guidelines_2nd_edition.pdf
https://health.gov/paguidelines/second-edition/pdf/Physical_Activity_Guidelines_2nd_edition.pdf
https://doi.org/10.1186/s12877-015-0155-4
https://doi.org/10.3803/EnM.2018.33.4.435
https://doi.org/10.3803/EnM.2018.33.4.435
https://doi.org/10.1002/14651858.CD000333.pub2
https://doi.org/10.1002/14651858.CD000333.pub2
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.3389/fmed.2019.00057
https://doi.org/10.1186/s12877-017-0584-3
https://doi.org/10.1186/s12877-017-0584-3
https://doi.org/10.1186/s12889-017-4049-6
https://doi.org/10.1186/s12889-017-4049-6
https://doi.org/10.1186/s12877-015-0155-4
https://doi.org/10.1186/s12877-015-0155-4
https://doi.org/10.1186/1475-2891-12-164
https://doi.org/10.1186/1475-2891-12-164
https://doi.org/10.3390/nu10091334
https://doi.org/10.1186/1475-2891-12-109


1637Aging Clinical and Experimental Research (2020) 32:1629–1637 

1 3

older people to maintain skeletal muscle. J Gerontol Ser A Biol 
Sci Med Sci 56:M373–M380

 54. Rafii M, Chapman K, Elango R et al (2015) Dietary protein 
requirement of men %3e 65 years old determined by the indicator 
amino acid oxidation technique is higher than the current esti-
mated average requirement. J Nutr 146:681–687

 55. Schutz Y (2011) Protein turnover, ureagenesis and gluco-
neogenesis. Int J Vitam Nutr Res 81:101–107. https ://doi.
org/10.1024/0300-9831/a0000 64

 56. Hickson M, Bulpitt C, Nunes M et al (2004) Does additional feed-
ing support provided by health care assistants improve nutritional 
status and outcome in acutely ill older in-patients?—a randomised 
control trial. Clin Nutr 23:69–77

 57. Milne AC, Avenell A, Potter J (2006) Meta-analysis: protein 
and energy supplementation in older people. Ann Intern Med 
144:37–48

 58. Fiatarone MS, Bernstein M, Ryan A et al (2000) The effect of oral 
nutritional supplements on habitual dietary quality and quantity 
in frail elders. J Nutr Health Aging 4:5–12

 59. Bauer J, Biolo G, Cederholm T et al (2013) Evidence-based rec-
ommendations for optimal dietary protein intake in older people: 
a position paper from the PROT-AGE Study Group. J Am Med 
Dir Assoc 14:542–559

 60. Deutz NE, Bauer JM, Barazzoni R et al (2014) Protein intake and 
exercise for optimal muscle function with aging: recommenda-
tions from the ESPEN Expert Group. Clin Nutr 33:929–936

 61. Park Y, Choi J-E, Hwang H-S (2018) Protein supplementation 
improves muscle mass and physical performance in undernour-
ished prefrail and frail elderly subjects: a randomized, double-
blind, placebo-controlled trial. Am J Clin Nutr 108:1026–1033

 62. Nieuwenhuizen WF, Weenen H, Rigby P et al (2010) Older adults 
and patients in need of nutritional support: review of current treat-
ment options and factors influencing nutritional intake. Clin Nutr 
29:160–169

 63. Donini LM, De Felice M, Savina C et al (2011) Predicting the 
outcome of long-term care by clinical and functional indices: the 
role of nutritional status. J Nutr Health Aging 15:586–592

 64. Inzitari M, Doets E, Bartali B et al (2011) Nutrition in the age-
related disablement process. J Nutr Health Aging 15:599–604

 65. Gaillard C, Alix E, Salle A et al (2007) Energy requirements in 
frail elderly people: a review of the literature. Clin Nutr 26:16–24

 66. Bartali B, Frongillo EA, Bandinelli S et al (2006) Low nutrient 
intake is an essential component of frailty in older persons. J Ger-
ontol Ser A Biol Sci Med Sci 61:589–593

 67. Vellas BJ, Hunt WC, Romero LJ et al (1997) Changes in nutri-
tional status and patterns of morbidity among free-living elderly 
persons: a 10-year longitudinal study. Nutrition 13:515–519

 68. Schoufour JD, Franco OH, Kiefte-de Jong JC et al (2019) The 
association between dietary protein intake, energy intake and 
physical frailty: results from the Rotterdam Study. Br J Nutr 
121:393–401. https ://doi.org/10.1017/S0007 11451 80033 67

 69. Kim C-O, Lee K-R (2012) Preventive effect of protein-energy sup-
plementation on the functional decline of frail older adults with 
low socioeconomic status: a community-based randomized con-
trolled study. J Gerontol Ser A Biomed Sci Med Sci 68:309–316

 70. Wilhelm-Leen E, Hall Y, Deboer I et al (2010) Vitamin D defi-
ciency and frailty in older Americans. J Intern Med 268:171–180

 71. Shardell M, D’adamo C, Alley DE et al (2012) Serum 25-hydrox-
yvitamin D, transitions between frailty states, and mortality in 

older adults: the invecchiare in chianti study. J Am Geriat Soc 
60:256–64

 72. Zhou J, Huang P, Liu P et al (2016) Association of vitamin D 
deficiency and frailty: a systematic review and meta-analysis. 
Maturitas 94:70–76

 73. Muir SW, Montero-Odasso M (2011) Effect of vitamin D sup-
plementation on muscle strength, gait and balance in older 
adults: a systematic review and meta-analysis. J Am Geriatr Soc 
59:2291–2300

 74. Stockton K, Mengersen K, Paratz JD et al (2011) Effect of vitamin 
D supplementation on muscle strength: a systematic review and 
meta-analysis. Osteoporos Int 22:859–871

 75. Bischoff-Ferrari HA, Dawson-Hughes B, Stöcklin E et al (2012) 
Oral supplementation with 25 (OH) D3 versus vitamin D3: effects 
on 25 (OH) D levels, lower extremity function, blood pressure, 
and markers of innate immunity. J Bone Miner Res 27:160–169

 76. Davis C, Bryan J, Hodgson J et al (2015) Definition of the Medi-
terranean diet: a literature review. Nutrients 7:9139–9153

 77. Sofi F, Abbate R, Gensini GF et al (2010) Accruing evidence 
on benefits of adherence to the Mediterranean diet on health: an 
updated systematic review and meta-analysis. Am J Clin Nutr 
92:1189–1196

 78. Bollwein J, Diekmann R, Kaiser MJ et al (2012) Dietary quality is 
related to frailty in community-dwelling older adults. J Gerontol 
Ser A Biomed Sci Med Sci 68:483–489

 79. Talegawkar SA, Bandinelli S, Bandeen-Roche K et al (2012) A 
higher adherence to a Mediterranean-style diet is inversely asso-
ciated with the development of frailty in community-dwelling 
elderly men and women. J Nutr 142:2161–2166

 80. Chan R, Leung J, Woo J (2015) Dietary patterns and risk of frailty 
in Chinese community-dwelling older people in Hong Kong: a 
prospective cohort study. Nutrients 7:7070–7084

 81. Kojima G, Avgerinou C, Iliffe S et al (2018) Adherence to medi-
terranean diet reduces incident frailty risk: systematic review and 
meta-analysis. J Am Geriatr Soc 66:783–788

 82. Fried LP, Tangen CM, Walston J et al (2001) Frailty in older 
adults: evidence for a phenotype. J Gerontol Ser A Biol Sci Med 
Sci 56:M146–M157

 83. Bloom I, Shand C, Cooper C et al (2018) Diet quality and sarco-
penia in older adults: a systematic review. Nutrients 10:pii: E308. 
https ://doi.org/10.3390/nu100 30308 

 84. Denison HJ, Cooper C, Sayer AA et al (2015) Prevention and 
optimal management of sarcopenia: a review of combined exercise 
and nutrition interventions to improve muscle outcomes in older 
people. Clin Interv Aging 10:859–869

 85. Landi F, Cesari M, Calvani R et al (2017) The “Sarcopenia and 
Physical fRailty IN older people: multi-componenT Treatment 
strategies” (SPRINTT) randomized controlled trial: design and 
methods. Aging Clin Exp Res 29:89–100

 86. Patel HP CE, Lewis L, Cooper C (2017) Epidemiology of sar-
copenia and frailty. In: Dionyssiotis Y (ed.) Frailty and Sarcope-
nia—Onset, Development and Clinical Challenges: IntechOpen. 
Accessed 30 Aug 2017

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1024/0300-9831/a000064
https://doi.org/10.1024/0300-9831/a000064
https://doi.org/10.1017/S0007114518003367
https://doi.org/10.3390/nu10030308

	Approaches to the diagnosis and prevention of frailty
	Abstract
	Background
	Methods
	Identification of individuals living with frailty
	Physical activity and the prevention of frailty
	Resistance-based exercise
	Balance- and functional-based exercise
	Exercise and cognitive function

	Nutrition and the prevention of frailty
	Protein
	Calorie intake
	Vitamin D
	Mediterranean diet

	Conclusions and future research
	Acknowledgements 
	References




