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ARTICLE INFO ABSTRACT

Articlg history: Background: Frailty is a geriatric syndrome that predicts the onset of disability, morbidity and mortality
Received 21 January 2016 ) in elderly people; it is a state of pre-disability and is reversible.

Received in revised form 5 April 2016 The aim of this review is to assess how nutrition influences both the risk of developing frailty and its
Accepted 11 April 2016 treatment

Data sources: We searched two databases, PubMed and Web of Science. We included epidemiologic

IF(:,’yi\l/\;ords: studies and clinical trials carried out on people aged over 65 years. We included 32 studies with a total
thrist/ion of over 50,000 participants.

Protein intake Results: The prevalence of frailty is ranges from 15% among elderly people living in the community to
Vitamin D 54% among those hospitalized. Furthermore, the prevalence of frailty is disproportionately high among
Sarcopenia elderly people who are malnourished. Malnutrition, which is very prevalent in geriatric populations, is

one of the main risk factors for the onset of frailty.

Agood nutritional status and, wherever necessary, supplementation with macronutrients and micronu-
trients reduce the risk of developing frailty. Physical exercise has been shown to improve functional status,
helps to prevent frailty and is an effective treatment to reverse it. Despite the relatively large number
of studies included, this review has some limitations. Firstly, variability in the design of the studies and
their different aims reduce their comparability. Secondly, several of the studies did not adequately define
frailty.

Conclusions: Poor nutritional status is associated with the onset of frailty. Screening and early diagnosis of
malnutrition and frailty in elderly people will help to prevent the onset of disability. Effective treatment
is based on correction of the macro- and micronutrient deficit and physical exercise.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Frailty is a state of increased vulnerability to stress. When frail
subjects are exposed to a stress factor they are less able to recover
and are at a higher risk of developing disability and secondary
effects (such as admission to hospital, institutionalization or death)
[1]. Frailty is a state of pre-disability; it could be described as a
situation between normal ageing and disability (or even death) [2].

The two main instruments used to diagnose frailty are an index
of frailty [3] and the frailty phenotype [4]. The former is a measure
of the accumulation of deficits in the various body systems, whilst
the latter defines subjects as frail if 3 or more of the following 5 cri-
teria are present: weight loss, weakness, exhaustion, slow walking
speed, and low physical activity.

The prevalence of frailty varies widely depending on the popu-
lation under study, and it is higher among institutionalized elderly
people [5]. The prevalence of frailty in nursing homes has been
reported to be 52%, in contrast to about 10% in the community [6]
(the same study also reported prevalence rates of ‘pre-frailty’ at
around 40% in both settings [6]). It is very important to be able to
correctly identify frailty, because it has been shown to be a predictor
for mortality in institutionalized elderly people [7], but especially
because it is a reversible state.

The pathophysiology of frailty is complex and multi-factorial,
and nutrition is an important mechanism in its onset and a specific
target for treatment [8,9].

In spite of increasing interest in the relationship between frailty
and nutrition, we could not find any recent systematic reviews.

The main aim of this review is to assess the association between
nutritional status and frailty. Its secondary aim is to assess the
effects of nutritional intervention on the reversibility of frailty.

2. Methods

We performed this systematic review in accordance to the
PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-analyses) guidelines for systematic reviews [10].

2.1. Search strategy

We searched two electronic databases: PubMed and Web of
Science. The following terms were used: older/elderly, frail*, sar-
copeni*, muscle metabolism/loss/mass, nutrition*, amino acid,
protein metabolism/intake, vitamin D, body composition, sup-
plement* (*and all variations on these terms). The search was
restricted to articles that contained these terms in their title or
abstract. In addition, we reviewed the references of the selected
articles. Papers published in English, Italian and Spanish were
reviewed in detail.

Category of evidence

Class I Evidence from meta-analysis of randomised controlled trials

Class II Evidence from at least one controlled study without randomisation or quasi -

experimental study

Class III | Evidence from non-experimental descriptive studies, such as comparative studies,

correlation studies, and case-control studies

Class IV | Evidence from expert committee reports or opinions or clinical experience of

respected authorities, or both

Strength of recommendation

A Directly based on category I evidence

Directly based on category II evidence or extrapolated recommendation from
category I evidence

C Directly based on category III evidence or extrapolated recommendation from
category I or II evidence

D Directly based on category IV evidence or extrapolated recommendation from
category I, I or III evidence

Fig. 1. Categories of evidence and strength of recommendations adapted from
Shekelle etal. [11].

2.2. Eligibility criteria

We included studies carried out on people aged 65 or above,
regardless of study design. Reviews were excluded. Eligible studies
were those which assessed: 1) the nutritional status of frail sub-
jects; 2) the effects of nutritional supplementation (whether or not
it was combined with physical exercise); 3) protein metabolism in
frail elderly subjects; 4) the association between frailty and vitamin
D levels and vitamin D supplementation.

The main aim of this review is to describe, classify and explore
the various studies, rather than to carry out meta-analysis of their
results. We therefore did not assess either bias or the quality of the
studies. Nevertheless, in order to take possible bias into account,
each study was assigned an evidence level score (I to IV) and a rec-
ommendation strength (A, B, C, D) using the guidelines proposed
by Shekelle et al. (Fig. 1) [11]. Overall, the results from random-
ized controlled trials (I, A/B) were considered less susceptible to
bias, whereas results stemming from expert opinions (IV, D) were
considered more susceptible to bias.

2.3. Data extraction

The following information was extracted from each included
study: 1) country in which it took place; 2) design; 3) sample size;
4) age and sex distribution of the population studied; 5) frailty
and malnutrition screening tools (where used); 6) anthropomet-
ric parameters; 7) method used to measure muscle and protein
metabolism; 8) type of nutritional supplementation and its combi-
nation with physical exercise or otherwise; 9) main results.
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Records excluded:

Frailty screening tools: n=618
Frailty diagnosis: n=1,249
Oncologic patients: n=1,628

Review: n=2,730
Animal studies: n=3,000

Full-text articles excluded:

Mean age < 65 years: n=5
No nutritional aspects: n=10
Patients with specific disease

(cardiac insufficiency, kidney disease
or chronic obstructive pulmonary

disease): n=5
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Fig. 2. Flow-diagram of literature search.

3. Results

Fig. 2 represents the flow chart of the paper selection process.

We included 32 studies (11 cross sectional, 9 trials, 5
quasi-experimental and 7 observational), with a total of 50,056
participants. Thirteen studies were carried out in Europe: one was
multi-centre, 3 each in Germany and Spain, 2 in France and 1 each
in Austria, the UK, Sweden and Denmark. Five studies took place
in Canada, eight in the USA. Four were done in Asia: one each in
Lebanon, the Republic of Korea, Japan and Taiwan. Two studies took
place in Australia.

According to our main objective, we divided the studies into four
major thematic groups: 1) association between nutritional status
and frailty; 2) the treatment of frailty with nutritional interven-
tion, alone or in combination with physical exercise; 3) protein
metabolism and frailty; and 4) vitamin D status and frailty.

3.1. Association between nutritional status and frailty

Nutrition has been recognized as being of fundamental impor-
tance to healthy ageing [12]. Despite this, the lack of effective
measures to prevent malnutrition makes it a serious health prob-
lem [13].This association is evidentin elderly people, and especially
in institutionalized elderly people, among whom malnutrition is
very common [14]. We found six papers that assessed the link
between nutritional status and frailty (Table 1). Malnutrition,
defined with the Mini Nutritional Assessment-Short Form (MNA-
SF), is directly related to changes in body composition, such as
fat-free mass and fat mass, measured with the Bio-impedance Anal-
ysis (BIA) [15]. Frail hospitalized elderly people are usually older
than their community-dwelling counterparts and also have a sig-
nificantly higher prevalence of malnutrition [16]. The prevalence
of malnutrition in institutionalized elderly people is lower than in
hospitalized elderly people, at around 30%, half of whom are frail
[17].

Malnutrition significantly influences the development of frailty,
because weightloss (one of the five criteria in the frailty phenotype)
leads to the onset of exhaustion, weakness, slow walking speed, and
low levels of physical activity [18].

Malnutrition and frailty are not equivalent, but malnourished
elderly people are usually frail. This is why nutritional screen-
ing (medical history, nutritional history, anthropometry and blood
tests) is of the utmost importance in frail elderly people [19].

Almost half of frail elderly people in the community present a
high risk of malnutrition; conversely, 90% of elderly people with
malnutrition are at high risk of being frail or ‘pre-frail’ [20].

There are many validated scales for frailty screening of elderly
people in nursing homes [5] or in the community [21]. Malnutri-
tion (diagnosed with the MNA) is associated with frailty but the
sensitivity of this association is low (90% of robust people are well
nourished, whilst only 64% of frail people have malnutrition) [22].

Nutrition is an important potentially modifiable factor that
influences the development of frailty in elderly people [8]. In
addition, nutrition plays a fundamental role in the design of inter-
vention strategies aimed at re-establishing robustness [23].

Hypoalbuminemia, as a malnutrition marker, is associated with
a significant loss of muscle mass and is a prognostic factor for mor-
tality in elderly people, whether in the community or in hospital or
other institutional settings [24].

Despite the difficulty of prospectively studying the relationship
between low nutritional intake and frailty, and thereby determin-
ing cause and effect, evidence from population studies of these
groups is strong [25]. Fifty-three percent of subjects defined as
frail in the InCHIANTI study had lower nutritional intake than those
classed as not frail: a caloric intake lower than 21 Kcal/kg was asso-
ciated with an almost 25% increase in the risk of developing frailty
[26].

3.2. Nutritional treatment of frailty

The effects of nutritional intervention on the functional sta-
tus of frail elderly people are controversial. The aim of treatment
is to reduce the progression of functional decline. Therefore, the
European Society of Parenteral and Enteral Nutrition (ESPEN)
recommends, with an evidence level A, the use of nutritional sup-
plements to improve or maintain the health status of frail elderly
people [27].
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Table 1
Association between nutritional status and frailty in different geriatric settings.

Author Design Evidence and Age (mean) Nutritional Frailty screening tool Main results
Recommendation characteristics

Origin n Settings

Publication year Women (%)

Slee A. Cross-sectional 11D 82y MNA-SF Not available Body composition by BIA

UK n78 Hospitalized 91% <12 points 100% of MN or RMN men have low FFMI

2015 [15] 37% 66% of MN and 33% of normal nourished
women have low FFMI

Dorner T.E. Cross-sectional 11IC 74y MNA-SF SHARE-FI Frail were older (p<0.001) (83% of frail
patients are over 85).

Austria n 133 Hospitalized 77% <12 points 54% frail 76% of malnourished were frail.

2014 [16] 61% 22% pre-frail

Martinez-Reig M. Prospective 1ic 78y MNA-SF

Spain n 678 Community 26%<12 points
2014 [17] 58%

Lilamand M. Cross-sectional I1IC 81y MNA-SF
France n 267 Outpatients 25%<12 points
2015 (18] 67%

Bollwein J. Cross-sectional IIIC 83y MNA

Germany n 206 Community 0% MN

2013 [20] 66% 15% RMN
Boulos C. Cross-sectional IIIC 75.7y MNA

Lebanon n 1200 Community 8% MN

2016 [22] 59% 29% RMN

Fried’s phenotype 54% of MN or with RMN were frail.
18% frail

56% pre-frail

Fried’s phenotype
37% frail
52% pre-frail

97% of robust has good nutritional status
Frailty: 38% has RMN, 5% were MN

Fried’s phenotype 47% of frailty, 12% of pre-frail and 2% on
non-frail were MN (p<0.001).

Frail were older, more often women, lived
alone, had lower education, higher depression

and lower ADL score.

15% frail

40% pre-frail

SOF frailty index 18% of frail were MN, 86% of robust were
well-nourished
MN were related to higher risk of frailty: OR

3.72 (95%CI-1.40-9.94)

36% frail

30% pre-frail

ADL: activities of daily living; BIA: bio-impedance analysis; FFMI: fat free mass index; MNA: mini-nutritional assessment; MNA-SF: mini-nutritional assessment-short form;
MN: malnourished; RMN: risk of malnutrition; SHARE-FI: survey of health, ageing and retirement in europe-frailty index; SOF: study of osteoporotic fractures.

Table 2 describes the design and main results of the research
papers on the nutritional treatment of frailty.

Nutritional supplementation for frail elderly people has been
shown to slow their functional decline (as measured using the
Short-Physical Performance Battery [SPPB] and hand grip strength)
[28]. However, there is no consensus on the effects of nutritional
supplementation and no uniformity in study results. Smoliner et al.
[29] studied a group of elderly people resident in care homes, at
risk of malnutrition, and found no significant differences between
the nutritional intervention group and the control group, either in
their MNA scores or in their Body Mass Index (BMI) at the end of the
study. Despite this, the authors observed that, as in other studies
[28,30], there was functional loss in the control group, in terms of a
statistically significant reduction in hand grip strength. It is impor-
tant to highlight that the subjects included did not fulfil a set of
criteria for ‘frailty’ and the sample size was small.

Nutritional supplementation for elderly people who are
malnourished or who have lost weight is associated with improve-
ments in both nutritional and functional status [31]. Both muscle
mass and muscle strength improve with nutritional supplementa-
tion and improve even further if it is combined with a program of
physical activity [32].

Recent Spanish research has shown that, in frail elderly peo-
ple in nursing homes, nutritional supplementation combined with
physical exercise stabilizes functional (hand grip strength) and
nutritional status (BMI) and positively influences quality of life (as
self-reported on the EuroQoL-5 Dimensions visual analogical scale,
EQ5DVAS) [33].

In frail elderly people in the community treated with a pro-
gramme of physical activity, an increase in the resting metabolic
rate was observed, although no changes in body composition were
detected [34]. This might indicate an improvement in muscle
metabolism and in the ability to use micronutrients.

Bonnefoy et al. [35] included frail elderly subjects with a basal
BMI of 27 kg/m? in their study and demonstrated an increase in
weight after 3 and 9 months in subjects treated with nutritional
supplements, but they did not report the frailty criteria they used.

The principal limitation of nutritional treatment is that it has
relatively low adherence over the long run. A healthy diet combined
with a physically active lifestyle and possibly aerobic resistance
exercise is the basis of healthy ageing [32].

3.3. Proteins and muscle

Frailty exacerbates the effects of age on the metabolism of pro-
teins through a series of factors such as reduced muscle mass and
an increase in muscle catabolism, which means that supplementa-
tion is insufficient to counteract this effect if its use is limited over
time [36].

Amino-acid supplementation improves the synthesis of muscle
proteins in both young and elderly people [32,37]. The main factor
limiting muscle synthesis in elderly people is a low concentration
of proteins in their diet [38].

The daily protein intake (Recommended Dietary Allowance,
RDA) of 0.8g/kg currently recommended is insufficient for the
maintenance of muscle mass [39]. Actual intake in the USA is even
lower than this figure in one-third of women and one-quarter of
men above the age of 50 [40,41].

In frail elderly people, the administration of moderately hyper-
proteic diets (1.5 g/kg/day), with a balanced spread of protein
throughout the three main meals (25-30 g/meal), combined with
high doses of calcium (1000-1200 mg/day) and vitamin D (more
than 800 Ul/day), improves bone and muscle health and reduces
the risk of falls and fractures [42,43].

In order to achieve a muscular anabolic response, protein syn-
thesis must exceed degradation. However, protein degradation is
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Table 2
Effects of nutritional supplementation with or without physical exercise on frail elderly people.
Author Design Evidence and Age (mean) Nutritional Frailty Main results
Strength of characteristics and screening tool
Recommendation intervention
Origin n Settings
Publication year Women (%) Inclusion criteria
Kim C.0. RT 1A 786y MNA: 17.9 Interventions Completed follow-up: n 84
on Frailty
Working Group
Republic of Korea n 87 Community CG: advise, n 44 SPPB: « inIG, | 12% in CG (p=0.039)
2013 [28] 79% Frail IG: +400 Kcal/12 Wk, n Gait Speed: | 1%inIG, | 11%in CG
43 (p=0.039)
Smoliner C. RT IB 83y MNA (mean)=21 NA Intervention group
Germany ns52 Nursing-Home BMI=m 21.6, w 22.5 4+ MNA: m 22.4 (p=0.025), w 22.9
(p<0.001)
2008 [29] 73% MNA<23.5 CG: standard diet, n 30 4 BMI: m 22.4 (p=0.007), w 22.9
(p=0.005)
IG: +300 Kcal/12wk
Payette H. RT 1A 80y BMI: 20 kg/m? NA Body weight: CG <, IG 1 54.1kg
(p<0.001)
Canada n83 Community home care Body weight: 52.5 kg TUG: | IG from 24 to 21 s (p=0.04)
2002 [31] 71% Weight loss or BMI <24 kg/m? CG: any treatment, n 41
IG: +500 Kcal/16 wk, n
42
Abizanda P. Observational llID 856y MNA-SF (mean) 10.2  Fried’s Completed: n 69
phenotype
Spain n 9l Nursing-Home BMI: 26.4 Adherence rate: in 63% of sample > 80%
2015 [33] 70% Frail and able to walk 50mt  +300Kcal and exercise, MNA-SF: < 10.5
12wk
BMI: < 26.5 kg/m?
Hand-grip strength: baseline
16.2kg < 16.5kg
Lammes E. RT 1A 828y MNA: 23.5 Chin A Paw Completed: at 3 months n 79; at 9
criteria months n 64.
Sweden n 96 Community BMI: 21.7 kg/m? In T group: 4 RMR (p<0.05)
2012 [34] 60% Frail N=1.4 x RMR
NT=1.5 x RMR
T and CG =advise
Bonnefoy M. RT IB 83y MNA: 24.5 NA Completed follow-up: n 42
France n57 Retirements home BMI: 27 N group: 1 BMI (p<0.05)
2003 [35] 90% Frail N =+400 Kcal
NT=N+T

T=3 times/wk, 60 min
CG=any treatment

BMI: body mass index; CG: control group; IG: intervention group; m: men; MNA: mini-nutritional assessment; MNA-SF: mini-nutritional assessment-short form; MN:
malnourished; N: nutrition group; NA: not available; NT: nutritional + training group; RMN: risk of malnutrition; RMR: resting metabolic rate; RT: randomized trial; SPPB:
short physical performance battery; T: training group; TUG: timed up-and-go; w: women; 41: increase; |: decrease; «<»: unchanged.

often not taken into account in the assessment of anabolic response
[44].

A large body of research has attempted to calculate the
amount of protein intake necessary to stimulate protein synthe-
sis efficiently. These studies propose amounts of between 1.2 and
1.5g/kg/day [45,46].

Table 3 summarizes the main characteristics of these papers and
classifies them into those which assess the amount of protein in
people’s diets, and those which take account of the added effect of
physical activity.

3.3.1. Protein intake and frailty

An assessment of 2066 elderly people in the Health, Aging and
Body Composition (Health-ABC) Study demonstrated the associ-
ation between protein intake and changes in lean mass (LM) [47].
Elderly people in the highest quintile in terms of protein intake lost
40%less LM and appendicular lean mass (aLM) over three years than
those in the lowestintake quintile [47]. Other studies have observed
that a higher intake of amino acids and proteins is associated with
a lower prevalence of frailty in women [48,49].

Based on a small cross-sectional study, Bollwein et al. reported
that where an intake of 1.1 g/kg/day protein is achieved (15% of the
total energy intake), its distribution over the three main meals of
the day may be a factor that influences the development of frailty
[86]. Fig. 3 plots the results from Bollwein et al. where an increase
in the amount of protein consumed at breakfast and a slight reduc-
tion at lunchtime is associated with a lower prevalence of frailty
[86]. This is an interesting result but the role of the distribution
protein intake during the day in the causation of frailty requires
confirmation in further research.

A diet with a high protein content makes a positive contribution
to good health, helps in recovery from illness and helps maintain
functional status in elderly people [50,51].

A very interesting study has looked into how protein
metabolism is modified in frail and robust women in response to
short-term nutritional supplementation [52]. Despite not specify-
ing the frailty criteria used, the results clearly demonstrate that in
frail women there is an increase in muscle catabolism and that an
increase in protein intake leads to an increase in muscle metabolism
[52]. It is essential that the protein supplementation is long term
for it to result in an increase in muscle mass and lean mass.
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Table 3
Relationship between frailty and protein metabolism, alone or combined with physical exercise.
Author Design Evidence and Strength Age (mean) Nutritional Frailty Main results
Origin n of Recommendation  Settings characteristics, screening tool
Publication year Women (%) Cohort study intervention and IC
Protein intake and
frailty
Houston D.K. Prospective A 745y BMI 27.5 kg/m? Not frail Higher protein intake: less
sedentary, higher BMI.
USA n 2066 Community Prot (% of energy): Q1 aLM were decreases 1.3 kg in
11,Q519 weight losers, and 0.35 in
weight maintainers.
2008 [47] 53% Health-ABC Prot (g/kg/d): Q1 0.8, Highest protein quintile lost
Q51.2 43% less of LM and 39% less of
aLM over the 3 years of
follow-up than those in the
lowest quintile.
Kobayashi S. Cross-sectional A 747y BMI 22.7 kg/m? Adapted Fried’s Frail were older (p<0.0001),
criteria have lower protein (p=0.0003)
and energy intake (p <0.0001).
Japan n2108 Community El 1737 Kcal/d 23% frail
2013 [48] 100% Tot Prot 74 g/d
Beasley J.M. Prospective A 65-79y Not frail Adapted Fried's 20% greater protein
criteria intake — 9% lower risk of
Pre-Frail and 12% lower risk of
Frail.
USA n 24,417 NA At 3 years follow-up: 13% frail,
30% pre-frail.
2010 [49] 100% WHI-0S
Bollwein J. Cross-sectional IIc 83y BMI: 27 kg/m? Fried’s Frail were older, higher
phenotype percentage of female.
Germany n 194 Community El: 0.12K]J/kg of BW 15% frail Protein%: morning, non-Frail
17%, Frail 11.9% (p=0.012)
2013 [86] 66% 40% pre-frail  Noon, Non-Frail 55.3%, Frail
61.4% (p=0.041)
Chevalier S. Clinical trial 1B Frail 84 y; Healthy 71 y. BMI: F 19, H 22.6 kg/m? NA Frail were older, had lower
BMI, lower FFM and MM.
Canada n 8 frail (F)n 13 Community 9 days: 12% of energy Protein flux increased with PED
healthy (H) from protein (ISO);
2003 [52] 100% 12 days: 17% of energy
from protein (PED)
Luiking Y.C. RT IC 69y BMI 26.6 kg/m? Not frail EXP group:
USA n19 Healthy 1 session of unilateral o higher FSR (p=0.049)
leg resistance exercise o higher peak plasma leucine
(15 min). (p<0.001)
2014 [53] 53% EXP: 20 g of whey Not interaction between
protein +3 g of leucine treatment and exercise was
observed (p=0.52)
Control: 6 g milk
protein
Protein, exercise and
frailty
Bell K.E. RT 1A 67y BMI 27 kg/m? NA Myofibrilar FSR 4 with HIIT and
RE, response was greatest
following RE.
Canada n22 Community n7:RE Myofibrilar FSR is stable
following AE.
2015 [57] 100% n 8: HIIT Sarcoplasmatic protein FSR 1
by 25% following HIIT
n7:AE
Yang Y. RT 1A 71y BMI 26 kg/m? Not frail Non-exercise leg: myofibrilar
FSR 1 with W20 and W40.
Canada n37 Community Unilateral leg Exercise leg: myofibrilar FSR ¢
resistance exercise. compared to non-exercise leg;
W40 =32% greater than W20
2012 [58] 0% Immediately after

exercise drink contain
0(W0=n10), 10
(W10=n7), 20
(W20=n9),0r40¢g
(W40=n10) of whey
protein.
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Author Design Evidence and Strength Age (mean) Nutritional Frailty Main results

Origin n of Recommendation  Settings characteristics, screening tool

Publication year Women (%) Cohort study intervention and IC

Burd N.A. Quasi-Experimental  IIA 72y BMI 26.6 kg/m? Not frail MPS were greater in exercise
leg than after feeding alone.

Canada n14 Healthy volunteers Unilateral resistance MPS were greater in whey

exercise protein ingestion group than in
casein ingestion group.

2012 [59] 0% n7=20g casein

n7=20g whey

Drummond M.]. Quasi-Experimental IIB n7=30y Young =21 kg/m? Not frail MPS significantly elevated in
the young 1-3 h compared
with baseline and old men.
MPS significantly elevated in
the old men at 3-6 h compared
with baseline.

USA nl14 n7=70y 0ld=20kg/m?

Healthy 8 sets of 10 repetition
of 2-legged extension
exercises (70% of 1RM)

2008 [60] 0% 1h after exercise:

500 ml of ONS (20 g of
EAAs)

Esmarck B. Quasi-Experimental IIB 74y BMI 25 kg/m? Not frail CSA 1 7% (p<0.01) and MFA ¢
(p<0.05) in PO from pre to
post-exercise.

Denmark nli3 Community 3 times/wk, 12 wk of MFA-1 and MFA-2 4 18 and

resistance training. 29% in PO.

2001 [61] 0% Supplementation: 10g P2: CSA, MFA-tot, MFA-1 and

of protein (420K])

MFA-2 no significant changes.

n7 PO group =5 min
after each training
session

n6 P2 group =2 h after

1RM: one-repetition maximum; AE: aerobic exercise; aLM: appendicular lean mass; BMI: body mass index; CSA: muscle cross-sectional area; EAA: essential amino acids;
El: energy intake; EXP: experimental group; F: frail; H: healthy; FFM: fat free mass; FSR: fractional synthetic rate; Health-ABC: health aging and body composition study;
HIIT: High-intensity interval exercise: ISO: isonitrogenous diets; LM: lean mass; MFA: mean fibre area, total, type 1 and type 2; MM: muscle mass; MPS: myofibrillar protein
synthesis; NA: not-available; ONS: oral nutritional supplementation; PED: protein enriched diet Q: quintile; RE: Resistance exercise; RT: randomized trial; WHI-OS: women’s
health initiative — observational study; W0, W10, W20, W40: 0, 10, 20 or 40 g of whey protein; 4: increase; |: decrease; <»: unchanged.
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Fig. 3. Distribution of protein intake during the day in frail and not-frail subjects.
A small increase in the concentration of protein of the breakfast, and a minimum
reduction of protein for lunch, are associated with a significant reduction of the
prevalence of frailty [86].

Intake of serum protein plus leucine was associated with a sig-
nificantly greater increase in muscular protein synthesis than was
the intake of milk protein [53].

3.3.2. Protein, exercise and frailty

Physical exercise in elderly people is associated with a reduction
in mortality [54].

In elderly women, physical activity directly influences body
composition and the quality of their muscles and is therefore a

mechanism whereby to maintain physical ability, particularly in
the lower limbs [55].

There is disagreement regarding the effects of protein intake on
muscle synthesis. Some authors use a concept termed “anabolic
resistance” to refer to an insufficient metabolic response to pro-
tein intake combined with physical exercise [56]. We included five
studies on the muscle metabolic response to exercise combined
with protein supplementation (Table 3).

Exercise brings about an increase in microfibrilar protein syn-
thesis in elderly men and this increase is greater after resistance
exercise (RE) than after high-intensity interval training (HIIT) [57].

In elderly men, the intake of 20g of serum protein increases
muscle protein synthesis (MPS) above fasting basal levels [58,59].
Combining resistance exercise with the protein intake enhances
this effect and 40 g of serum protein, following resistance exercise,
was found to be the quantity that most increases MPS [58].

Once the amount of protein that stimulates MPS most efficiently
was determined, and the synergic effect of physical exercise had
been demonstrated, it was still necessary to establish whether early
supplementation following physical exercise was more effective
than late supplementation in treating muscle trophism in elderly
people. Drummond et al. [60] observed that the combination of
physical exercise and supplementation with essential amino acids
(EAA) leads to a significant increase in muscle protein synthesis,
which in young people occurs immediately (within 1-3 h) and is
maintained for up to 6 h after exercise, whereas in elderly people it
begins later (after 3-6h).

A very interesting piece of research demonstrated how after 12
weeks of resistance exercise, the muscle surface area and the sur-



Table 4

Relationship between vitamin D and frailty, disability and movement alterations.

Author Design n Women (%)  Evidence and Strength Age (mean) Settings Nutritional characteristics and intervention Frailty Main results

Publication origin of Recommendation Cohort study screening tool

Publication year

Alvarez-Rios A.l. Cross-sectional (e 74y BMI: 30.3 kg/m? Fried Frail were older and more dependent
(p<0.001)

Spain n 592 Institutionalized and 25(0OH)D: 38.0 ng/mL 10% frail Frail and pre-frail had: higher PINP, 3-CTX and

community PTH levels, and lower 25(OH)D.

2015 [73] 100% TSHA 39% pre-frail High PINP and low 25(0OH)D: OR of frailty 6.37
(95%C12.33-17.41).

Ensrud K.E. Cross-sectional Ic 76.7y BMI: 26.4 kg/m? Fried Prevalence of frailty/25(OH)D:

USA n 9704 Community 25(0OH)D: 23.2 ng/mL 17% frail 23%[<15ng/mL; 17%/15-20; 14%/20-30;
16%/>30 (p<0.001)

2010 [74] 100% SOF 48% pre-frail

Bird M. Observational 11D 69.2y BMI: 27.4 kg/m? NA Completed follow-up: n 88

Australia n 98 Community Seasonal variations in ankle muscle strength,
serum 25(OH)D levels, physical activity and
time spent outside (p<0.001)

2013 [75] NA 48 falls =30 falls in autumn/winter
Serum 25(OH)D variation (15%), highest values
at the end of summer (p<0.001).

Houston D.K. Observational IIc 746y 25(OH)D: NA Over 6 y: 738 mobility limitation (incidence
36%), 245 disability (incidence 22%).

USA n 2099 Community 36% <75 nmol/L (BMI 27 kg/m?) 25(0H)D <75 nmol/L: two-fold increase
mobility disability.

2013 [76] 48% Health ABC 29% <50 nmol/L (BMI 28 kg/m?) PTH > 70 pg/mL 4 risk mobility limitation.

Zhu K. RT 1A 769y BMI: 28.8 kg/m? NA Completed follow-up: n 261

Australia n 302 Community 25(0OH)D: CG 17.7 ng/mL, IG 18.1 ng/mL 25(0OH)D at 1y: CG 18 vs IG 24 ng/mL (p <0.05
from baseline for IG).

2010(77] 100% Calcium citrate 1000 mg/d + placebo (CG) Lowest tertile of the IG was significantly faster

or +1000Ul/d ergocalciferol (IG), for 1y at 1y, than the CG (p=0.02)

Tajar A. Cross-sectional IIc 69.5y BMI: 27.8 kg/m? Fried Prevalence of 25(0H)D <50 nmol/L: 62% F, 46%
PF,33% R

Europe n 1504 Community 25(0OH)D: 39% <50 nmol/L 5% frail For each 1 SD decrease in 25(0OH)D, the odds of
being pre-frail increase by 1.47, and by 1.85 for
being frail.

2013 [80] 0% EMAS 37% pre-frail Higher PTH associated with pre-frail and frail.

Ensrud K.E. Prospective IIC 73.8y BMI 27.4 kg/m? Fried Completed follow-up: n 1606

USA n 5995 Community 8% frail 13% of men with 25(OH)D <20 ng/mL were
frail, vs 5% of men with >30 ng/mL.

2011 [81] 0% MrOS 45% pre-frail 0Odds of greater frailty for 25(0OH)D <20 ng/mL:
1.03 (0.72-1.46) (p=0.88)

Chang C.I. Cross-sectional Ic 715y BMI: 25.4 kg/m? Fried Completed follow-up: n 215

Taiwan n 548 Community 25(0OH)D: 39.9 ng/mL 10% frail Frail (n20): 71% women, lower MMSE (23),
lower BI (92.6), 25(0OH)D 30.8 ng/mL
(62%<20ng/mL)

2010[82] 59% 55% pre-frail

Shardell M. Observational Ic 75y Men: BMI 27 kg/m? Fried Completed follow-up: n 980

USA n 1260 Community 25(0OH)D 48.5 nmol/L F%: 11W,9M. Frail were: older, had lower MMSE, 25(0OH)D
and higher PTH.

2009 [84] 55.8% InCHIANTI Women: BMI 27.8 kg/m? PF%: 44 W,

36 M

25(0OH)D 33 nmol/L

25(0H)D: 25-hydroxy-vitamin D; BMI: body mass index; CG: control group; F: frail; EMAS: European male ageing study; Health-ABC: health aging and body composition study; IG: intervention group; MrOS: osteoporotic fractures

in men study; NA: not-available; PF: pre-frail; PTH: parathyroid hormone; RT: randomized study; SD: standard deviation; SOF: study of osteoporotic fractures; TSHA: toledo study for healthy aging; 1: increase.
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face area of muscle fibres increased 7% and 22% respectively when
subjects received a supplement of 10g of proteins immediately
after their training session, whereas no significant changes were
observed when the intake was carried out 2 h after exercise [61].

Further research is needed to assess the impact of the timing
of intake on the adaptive response of skeletal tissues to physi-
cal exercise. It is clear that the combination of resistance exercise
and protein supplementation after exercise is an effective strategy
to increase muscle mass and strength, and physical ability more
generally, in elderly people.

3.4. Vitamin D

The importance of vitamin D in calcium homeostasis and its
link to bone turnover are well known [62]. Colecalciferol, synthe-
sized in the skin by the action of ultraviolet rays or taken in as
part of people’s diet, is hydroxylated in the liver [63]. Low lev-
els of 25-hydroxi-vitamine D (25(0OH)D) determine a decrease of
intestinal absorption and in the blood calcium concentration, caus-
ing an increase in the levels of parathyroid hormone (PTH), and
this - in turn - causes an increase of bone turnover and therefore
an increase in the risk of fracture [64]. Levels of 25(0OH)D above
30ng/mL are considered normal; levels below 12 ng/mL are diag-
nosed as 25(0OH)D deficiency and levels between 12 and 30 ng/mL
indicate 25(OH)D insufficiency. Vitamin D deficiency is common
in elderly people and especially in institutionalized elderly people,
with a lack of 25(0OH)D in itself being a risk factor for institutional-
ization [65]. Low levels of 25(0OH)D are associated with alterations
in balance [66], falls [67], fractures [68] and pain [69]. All this may
contribute to a sedentary lifestyle and immobility and, therefore,
to frailty [70,71].

The presence of 25(OH)D receptors in the skeletal muscle
myocites could explain the association between low serum con-
centrations of 25(0OH)D, reduced muscle synthesis and alterations
in contractility [72].

Table 4 describes the design and main results of the research
studies of potential links between vitamin D and frailty.

In frail and ‘pre-frail’ women, high levels of N-terminal propep-
tide of type I procollagen (PINP), C-terminal telopeptide of type I
collagen, beta-CTX and PTH and low levels of 25(0H)D were found
[73]. Women with high PINP and low 25(0OH)D were at almost six
times more at risk of becoming frail than were women who had
only one of the two.

There is no agreement on how sex influences the association
between 25(0OH)D levels and the prevalence of frailty. In a cohort
study of 6307 women in the community, a U-shaped association
pattern was observed [74]. That is, the prevalence of frailty was
greater in women with 25(OH)D levels lower than 15nmol/L and
in women with a 25(OH)D level over 30 nmol/L, compared with
women with values between 20 and 29.9 nmol/L.

Seasonal variation in the serum concentration of 25(0OH)D is
associated with variations in ankle muscle strength and a decrease
in the latter is associated with an increase in the incidence of falls
[75]. Low levels of 25(OH)D are associated with an increase in the
risk of developing mobility limitations and disability over 6 years
in elderly people in the community with a good basal level [76].
Zhu et al. [77] demonstrated improvements in muscle strength and
function measured with the timed up-and-go test (TUG) in women
treated with calcium and 25(OH)D for one year. Several studies
showed that vitamin D supplements at doses of 700-1000 UI per
day increased muscle mass and strength in elderly people [78], as
well as improving balance and reducing the number of falls [79].

Low levels of 25(OH)D and high concentrations of PTH are asso-
ciated with frailty in elderly men [80-82] and with an increase in
mortality [83]. Despite the prevalence of frailty and 25(OH)D defi-
ciency being higher in women than in men, it is only among men

that a strong independent association between low serum levels of
25(0OH)D and frailty was observed [84].

Low levels of 25(OH)D are associated with a decrease in muscle
strength and with myopathy secondary to statins [83]. Di Monaco
et al. demonstrated that 25(OH)D levels are associated with recov-
ery after rehabilitation in women with a hip fracture, but are not
significantly associated with an increase in fat free mass [85].

In summary, it is difficult to demonstrate the significance of
the association between low levels of 25(OH)D and frailty with the
data currently available. Low levels of 25(OH)D may be a marker of
risk to health. But, on the other hand, frailty may contribute to the
development of low levels of 25(OH)D due to a reduction in out-
door activity, facilitating a sedentary lifestyle and thereby reducing
exposure to sunlight.

4. Conclusions

In geriatrics overall, but especially in care homes, nutritional
screening is essential for the early diagnosis of malnutrition. Peri-
odic monitoring of intake and body weight is a straightforward and
inexpensive way to carry out basic screening. Malnutrition is sig-
nificantly associated with frailty. Both malnutrition and frailty are
reversible and if not correctly identified they can determine the
onset of disability, which is for the most part not reversible. Pre-
vention is the most effective and least costly way to maintain and
promote elderly people’s health. Nutritional treatment, a protein-
rich diet, correction of micronutrient deficits, such as vitamin D, and
physical activity all constitute fundamental aspects of the multidis-
ciplinary treatment that is typical of geriatric medicine.
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