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RESUMO

A sindrome de fragilidade é definida como uma sindrome clinica de
origem multicausal caracterizada por reducdo de reservas fisiolégicas que
aumentam a vulnerabilidade de um individuo a desfechos adversos como
guedas, hospitalizacéo, desenvolvimento de dependéncia funcional e morte.
Acredita-se que a sindrome da fragilidade pode ser potencialmente modificavel
ou reversivel mediante intervencdes apropriadas. Esta € a primeira revisao
sistematica com metandlise de ensaios clinicos randomizados para avaliar a
efichcia de intervencbes nutricionais para o tratamento da sindrome da
fragilidade em idosos. Foram incluidos 11 ensaios clinicos randomizados com
idosos de 60 anos ou mais com diagndstico de sindrome da fragilidade ou pré-
fragilidade. Metanalises bayesianas de efeitos randomicos n&o revelaram
diferencas estatisticamente significativas ao comparar a suplementacéo
nutricional isolada com grupos controle que receberam placebo ou nenhum
tratamento em relacdo ao escore de sindrome da fragilidade (MD: 0,09 pontos,
IC 95%: -0,45 a 0,62), Bateria de Desempenho Fisico Breve (SMD: 0,29, IC 95%:
-0,55 a 1,40), forca muscular (SMD: -0,14, IC 95%: -0,38 a 0,09), velocidade da
marcha (SMD: 0,06, IC 95%: -0,04 a 0,17), massa magra apendicular (MD:
0,60kg, IC 95%: -0,82 a 2,01), massa gorda (MD: 1,67kg, IC 95%: -0,63 a 3,96),
memoria declarativa (SMD: 0,11, IC 95%: -0,31 a 0,53), linguagem e funcéo
executiva (MD: 0,21 pontos, IC 95%: -0,99 a 1,42) e outros resultados. Estudo
unico de intervencéo de educacéao nutricional também ndo demostrou melhorias
significativas em comparacdo com aconselhamento genérico de saude. A
gualidade geral das evidéncias avaliadas usando o sistema GRADE foi
classificada como muito baixa a moderada devido a imprecisdo das estimativas
de efeito. Conclui-se que os presentes resultados sugerem com grau de certeza
muito baixo a moderado que o uso de suplementos nutricionais ou de educacao
nutricional isoladamente néo séo efetivos para o tratamento da sindrome de
fragilidade em idosos. Mais e maiores ensaios clinicos randomizados se fazem
necessarios para determinar o papel de interven¢des nutricionais no tratamento
da sindrome de fragilidade. (PROSPERO: CRD42018111510).



ABSTRACT

Frailty is a clinical syndrome of multicausal origin characterized by a
reduction of physiological reserves that increase the vulnerability of an individual
to adverse outcomes such as falls, hospital admission, disability and death. It has
been suggested that frailty can be potentially modifiable or even reversible with
appropriate interventions. This is the first systematic review with meta-analysis or
Randomized Clinical Trials (RCTs) to appraise the effectiveness of nutritional
interventions for the treatment of frailty in older adults. We included 11 RCTs of
people aged 60 years and older with a diagnosis of frailty or pre-frailty. Bayesian
random effects meta-analyses found no statistically significant differences when
comparing nutritional supplementation alone with control groups receiving
placebo or no treatment regarding frailty score (MD: 0.09 points, 95%CI: -0.45 to
0.62), Short Physical Performance Battery (SMD: 0.29, 95%CI: -0.55 to 1.40),
muscle strength (SMD: -0.14, 95%CI: -0.38 to 0.09), gait speed (SMD: 0.06,
95%CI: -0.04 to 0.17), appendicular lean mass (MD: 0.60kg, 95%CI. -0.82 to
2.01), fat mass (MD: 1.67kg, 95%CI: -0.63 to 3.96), declarative memory (SMD:
0.11, 95%CI: -0.31 to 0.53), language & executive function (MD: 0.21 points,
95%CI: -0.99 to 1.42) and other outcomes. Single study of nutritional education
interventions also did not show any significant improvements in comparison with
general health advice. The overall quality of evidence assessed using the
GRADE system was classified as very low to moderate because of imprecision
of findings. Our results suggest with very low to moderate certainty that neither
nutritional education nor nutritional supplements in isolation are effective for the
management of frailty in older people. More and larger RCTs are warranted to
establish the role of nutritional interventions for the treatment of frailty.
(PROSPERO: CRD42018111510)
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1. INTRODUCAO
A sindrome de fragilidade é definida como uma sindrome clinica de

origem multicausal caracterizada por reducdo de reservas fisiolégicas que
aumentam a vulnerabilidade de um individuo a desfechos adversos como
guedas, hospitalizagdo, desenvolvimento de dependéncia funcional e morte(1—
6).

A sindrome de fragilidade é considerada hoje como uma das mais
importantes sindromes geriatricas, constituindo um importante campo de
pesquisa dentro da gerontologia(7,8). O conceito de sindrome de fragilidade
contribuiu de forma importante para o desenvolvimento desse campo ao chamar
atencdo para uma multiplicidade de fatores subclinicos que contribuem para a
reducdo da capacidade dos idosos em manterem sua homeostase frente a
eventos estressores(9). De fato, estudos utilizando inclusive diferentes
definicdes operacionais de sindrome de fragilidade demonstraram que a mesma
representa um importante fator de risco para uma variedade de desfechos
negativos. Por exemplo, a sindrome de fragilidade mostrou-se associada a uma
chance de quedas 84% superior quando comparada a idosos nédo frageis(10).
Essa sindrome também associou-se a uma chance 70% maior de fraturas(11),
aumento de 30% na chance de deméncia(12) e um aumento de 90% no risco de
hospitalizacdo(3). Observa-se também uma associacéo inversa entre sindrome
de fragilidade e qualidade de vida de idosos residentes na comunidade(13).

Esses dados sao especialmente relevantes quando se leva em
consideracao os resultados dos estudos de prevaléncia dessa sindrome entre
0s idosos e as perspectivas de envelhecimento populacional em todo o
mundo(14). Revisado sistematica sobre a prevaléncia da sindrome de fragilidade
entre idosos residentes na comunidade identificou que essa prevaléncia variou
de 4 a 59%, com uma média ponderada de 11%(15). Nota-se ainda importante
aumento da prevaléncia dessa sindrome entre individuos de idade mais
avancada, chegando a alcancar valores médios de cerca de 27% entre idosos
com mais de 85 anos de idade. Ja entre idosos institucionalizados a sua
prevaléncia variou de 19 a 76%, com média ponderada de 52%(16).

Um importante painel de especialistas responsaveis pela primeira reunido
de consenso internacional bem sucedida sobre a definicAo da sindrome de

fragilidade considerou que havia alguma evidéncia apontando para possiveis
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beneficios de quatro intervencbes para 0 manejo dessa condicdo: exercicio
fisico, suporte calérico e proteico, suplementacdo de vitamina D e reducdo de
polifarmacia(1).

A perda de massa muscular € uma das consequéncias da perda de peso
em idosos, assim como a reducdo de forgca, de mobilidade e a disfuncao
imunoldgica, os quais também representam caracteristicas tipicas dos estados
de fragilidade(17). Apesar de uma compreensdo limitada dos mecanismos
subjacentes que associam os nutrientes individuais a sindrome da fragilidade, a
desnutricdo tem sido associada a um maior risco desta sindrome(18).
Adicionalmente, as alteracbes relacionadas a idade no metabolismo das
proteinas sdo exacerbadas pela fragilidade, o que leva a um estado catabolico
adicional e a perda de massa muscular(19). A menor ingestao alimentar também
esta ligada ao risco de um estado nutricional abaixo do ideal combinado a
deficiéncia de micronutrientes(20).

A sindrome da fragilidade pode ser potencialmente modificavel ou
reversivel, se houver intervencdes apropriadas(21l). Existem padrdes
alimentares, como a dieta do mediterraneo, que foram associados a um menor
risco de sindrome da fragilidade(22). H4 também evidéncias de que o consumo
de frutas e vegetais pode estar associado a um menor risco dessa sindrome(23).
Além disso, maior ingestédo de proteinas na dieta pode estar intimamente ligado
a um menor risco de fragilidade(24). O papel da nutrichio como um fator
potencialmente modificavel é, portanto, de grande interesse no manejo para
interromper a progressao da fragilidade.

Embora varias revisbes sistematicas de ensaios clinicos randomizados
(ECRs) sobre o manejo da sindrome da fragilidade tenham sido feitas(14,25—
31), essas revisbes enfatizaram intervencdes associadas a atividade fisica,
enquanto as intervencdes nutricionais foram avaliadas brevemente e de forma
secundaria.

Em funcéo do fendmeno global do envelhecimento populacional(14), do
aumento da prevaléncia da sindrome de fragilidade em idades mais avancadas
e das consequéncias negativas dessa sindrome em termos de risco de
deterioracdo funcional, desenvolvimento de dependéncia, morte e outras

complicacdes, adquire especial relevancia a producdo de sinteses do
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conhecimento existente sobre a eficacia e efetividade de intervengdes para o
manejo dessa sindrome visando a prevencao de tais eventos adversos. Tendo
em vista a relevancia do tema e 0s argumentos apresentados acima propomos
a presente revisdo sistematica com o objetivo de avaliar a efetividade de
intervengdes nutricionais no tratamento da sindrome da fragilidade em idosos.
AplGs a elaboracdo e inscricdo do protocolo desta revisdo sistematica
junto a International Prospective Register of Systematic Reviews — PROSPERO
(Anexo 1), publicamos o protocolo no periddico Medicine(32) (Anexo 2).
Optamos por apresentar também os resultados, discussao e conclusbes desta
revisdo sistematica e metanalise no formato artigo, na lingua inglesa, com vistas

a pronta submisséo deste.
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Abstract

Background: Frailty has been defined as a clinical syndrome of
multicausal origin characterized by a reduction of physiologic reserves that
increase the vulnerability of an individual to adverse outcomes such as the
development of functional dependence and death. Considered one of the most

important geriatric syndromes, frailty’s prevention and management represent
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important goals for gerontology and geriatrics. Although nutrition plays an
important role within the multifactorial susceptibility for this syndrome, up to the
present no systematic review specifically addressed the effectiveness of
nutritional interventions for the treatment of frailty. Therefore, we propose the
present systematic review with the aim to assess the effectiveness of nutritional
interventions for the treatment of frailty in older adults living in the community or
in long-term care facilities.

Methods: We will search Medline (via Pubmed), Embase, Cinahl, Central,
Lilacs, Web of Science, and sources of gray literature. We will accept trials
whereby the unit of randomization consisted of individuals or clusters of
individuals. Our primary outcome is all-cause mortality. Secondary outcomes are
quality of life, functional status, cognitive function, frailty status, body
composition, and physical activity. Risk of bias will be assessed using the
Cochrane Collaboration tool. We will analyze the overall strength of the evidence
for each outcome using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) tool. Two independent researchers will
conduct all evaluations and any disagreements will be resolved through the
participation of a 3rd author. If possible, we will perform random-effects meta-
analyses and subgroup analyses concerning specific details of nutritional
interventions (e.g., components and duration), research scenario, risk of bias,
and criteria used to diagnose frailty.

Conclusion: In this systematic review protocol we outline the details of
the aims and methods of a systematic review on the effectiveness of nutritional
interventions for the management of frailty in older adults living in the community
or in long-term care facilities.

Abbreviations: GRADE = Grading of Recommendations Assessment,
Development, and Evaluation, GRADEPRO = Grading of Recommendations
Assessment, Development, and Evaluation Profiler Software, ICTRP = World
Health International Clinical Trials Registry Platform, OPEN GRAY = Gray
Literature in Europe, PROSPERO = International Prospective Register of
Systematic Reviews.

Keywords: aged, diet, dietary supplements, feeding, frailty, nutrition,

systematic review
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Introduction

Frailty has been defined as a clinical syndrome of multicausal origin
characterized by a reduction of physiological reserves that increase the
vulnerability of an individual to adverse outcomes such as the development of
functional dependence and death [

Considered one of the most important geriatric syndromes, frailty’s
prevention and management represent important goals for gerontology and
geriatrics ?l. The concept of frailty has greatly contributed to the development of
this field by highlighting a multiplicity of subclinical factors (i.e. going beyond the
presence of functional dependence and comorbidities) and contributing to the
reduction of the capacity of older adults to maintain their homeostasis when
exposed to stressor events Bl In fact, studies using different operational
definitions of frailty have shown that it represents an important risk factor for a
variety of negative outcomes. For example, frail older adults were found to be at
an increased risk of falling by 84%, when compared to those who are non-frail I,
The frailty syndrome has also been associated with 70% greater chance of
fractures ), 30% increase in the risk of developing dementia !, and 90% increase
in the risk of hospitalization /). An inverse association between frailty and quality
of life of older adults living in the community has also been observed I,

These data are especially relevant when one considers the results of
studies reporting the prevalence of this syndrome among older adults and the
perspectives of population aging worldwidel®. A systematic review on the
prevalence of frailty among community-dwelling elderly identified that prevalence
ranged from four to 59%, with a weighted average of 11%[%. A significant
increase in the prevalence of this syndrome is also noted among individuals of a
more advanced age, reaching an average of about 27% among adults older than
85 years of agel'Y. Amidst institutionalized older adults, the prevalence of frailty
ranged from 19 to 76%, with a weighted average of 52%/11.

An important meeting of experts, leading to the first successful
international consensus on the definition of frailty, considered that there was
some evidence suggesting possible benefits of four types of interventions for
managing this condition: physical exercise, caloric and protein support, vitamin D

supplementation and reduction of polypharmacy!.
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Loss of muscle mass is one of the consequences of weight loss in older
adults, along with reduction of strength, mobility and immune dysfunction, which
represent typical characteristics of frailty. In addition, malnutrition in older adults
increases the risk of hospitalization, functional dependence and death in this
population*?, The association between nutritional factors and the occurrence of
frailty was also observed in the systematic review of Lorenzo-Lo6pez L et al.,that
analyzed data from 19 observational studies*®l. The nutritional factors examined
by this review were micronutrients, macronutrients, diet quality, antioxidants and
score in the Mini Nutritional Assessment!*3],

Due to the global phenomenon of population ageing!?, the increased
prevalence of frailty at more advanced ages and the negative consequences of
this syndrome, studies about efficacy and effectiveness of interventions to
manage this syndrome have great importance, particularly aiming at the
prevention of such adverse events. In view of the relevance of the topic and the
arguments presented above, we propose the present systematic review with the
aim to assess the effectiveness of nutritional interventions for the treatment of
frailty in older adults living in the community or in long-term care facilities.

Methods

Study registration

This systematic review protocol has been registered on PROSPERO
under the number of CRD42018111510, and was performed in accordance with
the Preferred Reporting Items for Systematic Reviews and Meta-analysis
Protocol*4, This is a literature-based study, so ethical approval is unnecessary.

Selection criteria

Types of studies

We will include only parallel-group randomized clinical trials published
since 2001 in English, Portuguese or Spanish. We will accept trials whereby the
unit of randomization consisted of individuals or clusters of individuals.

Types of participants

We will include studies that recruited older adults (aged 60 years or older)
with a diagnosis of frailty or pre-frailty and living in the community or in long-term
care facilities. We will accept any criteria used by original studies to diagnose that

syndrome. Studies that have been performed during hospitalization episodes will
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not be included.

Types of interventions

We will include studies that have implemented at least one of the following
nutritional interventions: nutritional education / dietary prescription, the use of
hypercaloric or hyperproteic dietary oral supplements and the delivery of specific
diets. Additionally, we will also include studies that adopted any of the above
interventions concomitantly with another single or multifactorial intervention
provided that the comparator was the same set of interventions without the
nutritional intervention component. We will accept as comparators standard
treatment, placebo, other nutritional interventions, and multifactorial interventions
without a nutritional component.

Types of outcomes

We will include studies if they report at least one of the following outcome
measures.

Primary outcomes

1) Mortality

Secondary outcomes

(1)  Quality of life, measured by any instrument.

(2) Functional capacity, measured by any instrument.

(3)  Cognitive function, measured by any instrument.

(4)  State of frailty, measured by any instrument.

(5) Body composition, measured by any instrument.

(6) Physical activity, measured by any instrument.

Search methods for study identification

Two independent researchers will examine the lists of references identified
through electronic search. We will also hand-search reference lists of relevant
publications including review articles on frailty and of original studies considered
eligible for the review. Additionally, we will contact experts in the field of nutrition
and frailty to ask for references to published and unpublished data. We also
intend to contact researchers to request relevant unpublished data whenever
possible.

Electronic searches

We will search the following databases for relevant studies, using the
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search terms detailed in Appendix 1. Medline (via Pubmed), Embase, Cinahl,
Central, Lilacs e Web of Science.

Other resources

We will search the following databases for gray literature: System for
information on Gray Literature in Europe (Open Gray), Virginia Henderson Global
Nursing e-Repository, National Library of Medicine Bookshelf, ClinicalTrials.gov,
and World Health International Clinical Trials Registry Platform (ICTRP).

Data collection and analysis

Selection of studies

For all studies identified, two authors will independently screen and review
the titles and abstracts. Full versions of potentially relevant studies will be
obtained. Where applicable, we will contact the authors of selected studies to ask
for additional data. Disputes regarding the inclusion of a study will be resolved
through discussion with a third reviewer.

Data extraction and management

Two reviewers will extract data independently using a standardized pre-
piloted form including the following data: complete reference; time period when
the study was conducted; geographical location; presence of divergences
between the study protocol and published results; study design; types of
interventions and comparators; duration of the intervention and of follow-up;
inclusion/exclusion criteria; sample size; characteristics of the population;
balance between groups at the baseline; funding source; method of
randomization; presence of simultaneous interventions; diagnostic criteria of
frailty; nutritional interventions; details of the intervention, including type, dose,
frequency, and duration; control treatment; outcome measures; blinding
(patients, field professionals and outcome assessors); duration of follow-up; loss
of follow-up; results; intention-to-treat analysis; conclusions reported by the study
authors; and research limitations. In addition, there will be a field for the
registration of other information deemed relevant by the reviewers.

Disagreements about extracted data will be resolved by consensus, and
an independent reviewer will be consulted if disagreement persists.

Assessment of bias risk

To assess the risk of bias in the included studies, two review authors will
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independently use The Cochrane Collaboration’s Risk of Bias tool for randomized
clinical trials*®l. Accordingly, the following domains will be assessed: random
sequence generation, allocation concealment, blinding, incomplete outcome
data, selective reporting and other bias. Each of these criteria will be assigned
one of the following categories: low risk of bias; high risk of bias; or unclear risk
of bias, where unclear relates to the lack of precise information or uncertainty
over the potential for bias.

Where applicable, the investigators of selected trials will be contacted to
provide additional relevant information. Disagreements between the authors
regarding the assessment of risk of bias will be resolved by consensus, and a
third reviewer will be consulted when needed.

Rating quality of evidence

We will analyze the overall strength of the evidence for each outcome
using the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) tool. This system represents a method that evaluates the
quality of evidence in systematic reviews explicitly, comprehensively,
transparently and pragmatically*él. The GRADE system evaluates the following
dimensions regarding the quality of evidence: study limitations / risk of bias,
inconsistency, indirect effects, inaccuracy, publication bias, and factors that may
increase the quality of evidence. According to GRADE, the quality of the evidence
regarding each outcome analyzed is classified into one of four levels: high,
moderate, low and very low(*6l,

We will use the GRADE profiler software (GRADEPRO) to create
‘summary of findings’ tables with outcome specific information concerning the
overall quality of evidence and the magnitude of effect of the interventions
examined by the examined body of evidence.

Measures of treatment effects

Dichotomous data: the results will be presented as the risk ratios with 95%
confidence intervals. Continuous data: the results will be presented as the mean
difference, if outcomes are measured using similar scales between trials. We will
use the standardized mean difference to combine trials that measure the same
outcome using different scales or instruments.

Unit of analysis issues
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The appropriate unit of analysis will be the individual patient, rather than
hospitals or health centers. In studies with multiple intervention groups, we will
include only the comparisons between groups that meet our eligibility criteria. If
more than one pair of intervention comparisons are eligible for a given meta-
analysis and those pairs of comparisons have at least one intervention group in
common, we will proceed using one of the methods recommended by the
Cochrane Collaboration in the following order of preference according to the
feasibility of each approach: 1) we will attempt to merge the intervention groups
in order to yield a single pairwise comparison; 2) we will attempt to account for
the correlation between correlated comparisons by calculating a weighted
average of the different pairwise comparisons; 3) we will perform a network meta-
analysis.

Missing data

Where applicable, we will contact the chief investigators of clinical trials
with missing data or unclear information (e.g. unclear risk of bias). Whenever
possible will include in meta-analyses data from intention-to-treat (ITT) analyses.
We will not perform imputation procedures for missing data.

Assessment of reporting biases

If there are sufficient numbers of trials (at least ten), we will construct a
funnel plot and we will apply the Egger tests and the Trim and Fill method in the
evaluation of publication bias.

Data synthesis

We will organize the synthesis of data according to the types of nutritional
interventions studied, the types of comparators, and populations studied (i.e.
older adults living in the community or in long-term care facilities).

If the included studies are sufficiently similar in terms of population,
inclusion criteria, interventions and results, we will perform quantitative synthesis
using the random effects models.

Assessment of heterogeneity

If the available data allows the performance of meta-analyses, we will
assess statistical heterogeneity by means of I2 statistics, which will be interpreted
according to the current Cochrane Collaboration guidance as follows: 0-40%

might not be important; 30—-60% may represent moderate heterogeneity; 50-90%
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may represent substantial  heterogeneity; 75-100%  considerable
heterogeneity®l. If we find substantial heterogeneity we will attempt to perform
subgroup analyses as described below.

Subgroup analyses

If sufficient data are available, we will perform the following subgroup
analyses: concerning specific details of nutritional interventions (e.g. components
and duration), research scenario (i.e. community or long-term care facilities), risk
of bias and criteria used to diagnose frailty.

Sensitivity analysis

We have not planned any sensitivity analyses.

Discussion

Nutrition plays an important role within the multifactorial susceptibility of
this syndrome; however, up to the present no systematic review specifically
addressed the effectiveness of nutritional interventions for the treatment of frailty.
The systematic reviews identified in the literature on this topic emphasize
interventions related to physical activity without any particular focus to nutritional
interventions, which were generally analyzed briefly and in a secondary manner
[9,13,17—22]'
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Abstract

Although nutrition is considered an important component of interventions used in
the management of frailty, the actual effectiveness of interventions addressing
nutrition in frail older people remains unclear. We aimed to appraise the evidence
regarding the effectiveness of nutritional interventions for the management of
frailty in older adults. We searched MEDLINE, Embase, CINAHL, CENTRAL,
Web of Science and LILACS from 2000 to November 2019 to identify randomized
controlled trials. A Bayesian random-effects model was used for pooled data
analysis. Continuous variables were expressed as mean differences or
standardized mean differences and 95%Crl (credible interval). Eighteen (18)
publications presenting data from 16 studies (1,493 older people with a mean
follow-up of three — 24 months) were included. Meta-analyses showed that no
outcome changed significantly (Standard Mean Difference: 0.01; 95% Crl: -0.21
to 0.20; Tau = 0.13, 12 = 21%). Our results suggest with a degree of certainty
ranging from very low to moderate that neither nutritional education nor nutritional
supplements delivered in isolation are significantly effective for the management
of frailty in older people. (PROSPERO: CRD42018111510).

Keywords: Aged, Frailty, Nutrition, Systematic Review, Meta-analysis

1. Introduction
Frailty is a clinical syndrome of multicausal origin characterized by a
reduction of physiological reserves that increase the vulnerability of an individual

to adverse outcomes(1) such as falls(2), hospital admission(3), disability(4) and
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death(5,6). Frailty has been argued as a clinical marker of biological aging(7) and
is considered one of the most important geriatric syndromes(8). Indeed, the
prevention and management of frailty represent important goals of gerontology
and geriatrics.

Weight loss, along with reduction of strength, mobility and immune
dysfunction, represent typical characteristics of frailty(9). Nutrition provides
energy and essential nutrients and helps the human body to function properly
and maintain homeostasis(10). Despite a limited understanding of the underlying
mechanisms linking individual nutrients with frailty, poor nutritional status has
been associated with a greater risk of frailty(11). In addition, there is an overlap
between frailty and malnutrition, although they are considered distinct clinical
entities(11). Furthermore, malnutrition is associated with sarcopenia(12), defined
by low muscle strength, low muscle quantity and quality, and low physical
performance, leading to poor clinical outcomes(13).

It has been suggested that frailty can be reversed with appropriate
nutritional interventions(14). The Mediterranean diet, the consumption of fruits,
vegetables and protein have all been associated with lower risk of frailty in
observational studies(15—17). The role of nutrition as a potentially modifiable risk
factor is therefore of great interest in designing interventions to halt the
progression of frailty.

Although several systematic reviews of randomized clinical trials (RCTS)
on the management of frailty have been published(18-27), those reviews
emphasized interventions associated with physical activity and exercise whilst
nutritional interventions were assessed briefly and in a secondary manner, if at

all. Furthermore, to our knowledge, no meta-analysis focusing on RCTs of
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nutritional interventions for the management of frailty has been published. Hence,
the present systematic review aims to appraise the evidence regarding the
effectiveness of nutritional interventions for the management of frailty in older
adults.

2. Methods

2.1 Data Source and Search Strategy

We searched the following 6 databases for RCTs of nutritional
interventions for the management of frailty in older people: Embase, MEDLINE,
Lilacs, CENTRAL (Cochrane Central Register of Controlled Trials), CINAHL
(Cumulative Index to Nursing and Allied Health Literature) and Web of Science.
We searched for studies published from 2001 onwards, because the most
commonly used frailty criteria were first published in 2001(28,29). The full search
strategy is presented in the published protocol(30). We reviewed reference lists
of included studies and searched the following databases for gray literature:
System for information on Gray Literature in Europe, Virginia Henderson Global
Nursing e-Repository, National Library of Medicine Bookshelf. We also searched
ClinicalTrials.gov and the World Health International Clinical Trials Registry
Platform for protocols of RCTs. Searches were updated on November 21, 2019.
The protocol of this review was registered at PROSPERO (CRD42018111510)
and published elsewhere(30).

2.2  Study Selection

Two reviewers (MB, EIOV) independently screened titles, abstracts, and
full texts to ascertain the eligibility of the studies identified in the literature search.
The same reviewers independently extracted data from included studies and

evaluated risk of bias. Disagreements were resolved by discussion with a third
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reviewer (CA). Studies were included if they involved people living at home or in
long-term care facilities aged 60 years and older and a diagnosis of frailty or pre-
frailty according to any criteria used in the original studies to diagnose that
syndrome. Only RCTs were included that implemented at least one of the
following nutritional interventions: nutritional education / dietary prescription (e.g.
workshops), the use of hypercaloric or hyperproteic dietary oral supplements and
the delivery of specific diets. Additionally, we included studies that adopted any
of the above interventions concomitantly with another single or multifactorial
intervention, as long as the comparator was the same set of interventions without
the nutritional intervention component (e.g. physical activity + nutritional
intervention compared with physical activity alone). We accepted as comparators
the standard of care, placebo, other nutritional interventions, and multifactorial
interventions without a nutritional component. We did not impose language
restrictions for the selection of studies for this review.

We excluded studies that only included older adults without a diagnosis of
frailty or whose nutritional interventions consisted of supplementation of
micronutrients alone or other compounds that were not part of hyperproteic
and/or hypercaloric supplements.

2.3 Risk of bias and Methodological Quality Assessment

We used the new Cochrane Risk of Bias tool for RCT (RoB 2)(31) to
assess the risk of bias in the included studies. That tool categorizes risk of bias

in one of three categories (“low”, “some concerns”, or “high”) for each of the
following domains: randomization process, assignment to intervention, adhering
to intervention, missing outcome data, measurement of the outcome, reported

result and overall risk of bias. Additionally, we used the Grading of
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Recommendations Assessment, Development and Evaluation (GRADE) system
to rate the overall certainty (or quality) of the evidence for each outcome(32,33).
The GRADE system evaluates the following dimensions regarding the certainty
of evidence: study limitations / risk of bias, inconsistency, indirect effects,
inaccuracy, publication bias, and factors that may increase the strengthof
evidence. According to that system, the certainty of the evidence regarding each
outcome is classified into one of four levels: high, moderate, low and very low.
Further details regarding the methods of this review are available from our
protocol(30).

2.4  Statistical Analysis

Because the original studies reflected different populations and methods
and only few studies were eligible to be included in meta-analyses, we decided
to perform Bayesian random-effects meta-analyses instead of the more common
frequentist fixed-effect or DerSimonian & Laird random-effects methods(34—36).
We performed Bayesian random-effects meta-analysis via the Divergence
Restricting Conditional Tesselation algorithm(37,38). That approach to Bayesian
meta-analysis does not entail the use of Markov Chain Monte Carlo computation
and has been shown to have advantages over frequentist approaches in meta-
analytical settings of few studies(39—-41). We used a uniform noninformative prior
for the mean values of the pooled estimate and informative priors for the between-
study heterogeneity parameter tau described by Rhodes et al(42) based on the
assessment of 6,672 continuous-outcome meta-analyses from the Cochrane
Collaboration. More specifically, for frailty status, strength, walking speed, Short
Physical Performance Battery (SPPB) and physical activity outcomes we used

the tau prior associated with “general physical health and adverse event and pain
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and quality of life / functioning” and non-pharmacological interventions described
in table 3 of Rhodes(42). For the outcomes related to body composition we used
the tau prior associated with the “biological marker’ outcome and non-
pharmacological interventions described in the same table of that study. For the
cognitive outcomes we used the tau prior for a general setting without taking into
account other meta-analysis characteristics reported in section 3.3 of that same
article.

We used Standardized Mean Differences (SMD) whenever studies
included in a meta-analysis reported results using different scales. We interpreted
SMD as follows: 0 to 0.20: little to no difference; 0.21 to 0.79: moderate
difference; and 0.80 or higher as major differences(43).

We calculated both pooled estimates with 95% credible intervals (Crl) for
pooled mean differences (MD) or SMD and prediction intervals as recommended
by Higgins(35) and Gudat(44). Prediction intervals refer to the predicted effect
estimates of new studies that are considered sufficiently similar to be eligible for
inclusion in future meta-analyses of the same outcome.

We considered the following values as the minimally clinically significant
differences for Barthel index, 36-Item Short Form Survey (SF-36), gait speed,
strength, SPPB and frailty score (from the Cardiovascular Health Study [CHS]
frailty phenotype), respectively: 1.85 point, 4.9 point, 0.20m/s, 5.0kg, 0.3 point,
and 0.3 point(45-50). All analyses were performed using the R software version
3.6.0 by means of the metafor(51) and bayesmeta packages(37).

2.5 Changes to the review protocol

We implemented the following changes to our review protocol: 1) we

decided not to exclude studies based on its language of publication; 2) we added
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falls and hospitalizations as secondary outcomes. Those changes were
performed with the intent of improving the quality of our review.

3. Results

3.1  Selection Process and Study Characteristics

Figure 1 presents the flow diagram of the study selection process. We
included 18 publications from 16 studies (1,493 older people with a mean follow-
up of three — 24 months). The main characteristics of the 18 included publications
are summarized in Table 1. All studies(52—69) recruited subjects with frailty or
pre-frailty. Most studies excluded patients with cancer (eight studies), chronic
renal failure (seven studies), diabetes (six studies) and neurologic impairment.
Seven studies(52,57-59,61,62,69) used the CHS frailty criteria to define physical
frailty based on the following five criteria: unintentional weight loss, self-reported
exhaustion, weakness, slow walking speed, low physical activity(28). One
study(53,54,60) defined frailty based on the Chin A Paw criteria(70). One
study(66) used a modification of the CHS frailty criteria. Seven studies(55,56,63—
65,67,68) did not use specific instruments to diagnose frailty. In those studies,
frailty was defined in general according to the presence of a variety of
characteristics such as undernutrition, weight loss, slow gait speed and/or
impaired function. Only one of the included studies was restricted to older people
with frailty and obesity (BMI = 30 kg/m?)(64).

Regarding the setting of the included studies, 11 studies recruited
participants living in the community(54,59-63,65,66,69), four studies recruited
participants from a home for elderly persons or sheltered housing(55,63,67,68),
and another study included both participants living in nursing homes and in the

community(64) (Table 1).
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In 14 studies the nutritional intervention consisted of nutritional
supplements(52,55-59,61-65,67—69) and in two studies the intervention was
individual dietary counselling(53,54,60,66). Nutritional supplements in all but one
study(62) involved protein supplementation (median: 15g, interquartile range
[IQR]: 11 to 15g). In eight studies(55,56,62,63,65,67—69) nutritional supplements
were hypercaloric and contained a median value of 275 kcal (IQR: 225 to 300
kcal). Regarding the use of comparators, ten studies(52,55-59,61,62,64,68)
used a placebo supplement, three studies(53,54,60,66,69) used general health
advice, in two studies(63,65) the control group did not receive any treatment and
one study(67) used dietary recommendations based on the German reference
values (Table 1).

Baseline differences between intervention and control groups were
observed in one study(54) where there were more subjects with high school
and/or university degrees in the control group compared with the nutritional
intervention group.

3.2 Risk of bias and Quality of Evidence

Table 2 describes the assessment of risk of bias of individual studies. The
overall classification of risk of bias for eight studies was considered high
(53,54,60,63—-69), as posing some concerns for three studies(55,56,62), and as
low for five studies(52,57-59,61). Main reasons for classifying studies as having
high risk of bias were issues related to the assignment to intervention and
randomization process domains. We present Summary of Findings tables with
the classification of the overall certainty of evidence following the GRADE
approach for each outcome across studies in the appendix (Supplementary

tables 1 and 2) (32). The certainty of evidence for all outcomes was classified as
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very low, low or moderate and the main reasons for downgrading the quality of
evidence was imprecision of findings related to small sample sizes, confidence
intervals encompassing both significant benefits and harms and high risk of bias
in individual studies.

3.3 Outcomes

3.3.1 Mortality

We did not find any RCTs that assessed our primary outcome, mortality,
in the context of this review.

3.3.2 Quality of life

One study evaluated the effect of a nutritional supplement on the quality
of life of older people with frailty or pre-frailty compared with no treatment and did
not find any statistically significant difference on quality of life measured by the
SF-36 instrument(63) (89 subjects; Mean Difference [MD]: 8.7; 95% Crl: -6.01 to
23.41; GRADE: low) (Appendix - Supplementary Table 2). Another study(66)
compared a nutritional education plus once-weekly supervised exercise against
the same exercise program without the nutritional education component and did
not disclose any statistically significant difference between those groups at 3
months for any of the domains of the SF-36 (GRADE: very low) (Appendix -
Supplementary Table 1).

3.3.3 Functioning

3.3.3.1 Nutritional Supplements and Functioning

We found studies reporting on the following measures of functioning:
Activities of Daily Living (ADL) and Instrumental Activities of Daily Living (IADL),
gait speed, strength and the SPPB. Two studies assessed the effectiveness of

nutritional supplements on ADL and IADL(62,69). One study(69) compared
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nutritional supplement plus exercise against exercise plus nutritional counselling
and identified a clinically minor but statistically significant difference favoring the
use of the nutritional supplement only on the Barthel ADL index after 12 weeks
of follow-up (Median scores of 3.0 and 1.5, respectively, p<0.001). The other
study(62) compared nutritional supplement with placebo and did not find any
significant differences regarding the composite outcome measure of ADL and
IADL dependence after 12 months of follow-up (99 subjects; Risk Ratio [RR]:
1.02; 95% CI: 0.22 to 4.81). The overall certainty of evidence for nutritional
supplements regarding the ADL / IADL outcome was rated as very low (Appendix
- Supplementary Table 2).

The meta-analysis of seven RCTs(57,58,61,62,65,68,69) comparing
nutritional supplements with placebo or no treatment regarding gait speed did not
show any statistically significant difference between those groups (473 subjects;
SMD = 0.04; 95% Crl: -0.01 to 0.10; Tau = 0.03, 12 = 14%; GRADE: low) (Figure
21; Appendix - Supplementary Table 2).

The meta-analysis of nine studies that compared nutritional supplements
with placebo or no treatment in terms of muscle strength with a follow-up of 12
weeks (57,58,61-63,65,67—69) did not find any statistically significant difference
between the two groups (603 subjects; SMD: -0.01; 95% Crl: -0.21 to 0.20; Tau
= 0.13, 12 = 21%; GRADE: low) (Figure 2H; Appendix - Supplementary Table 2).
Four studies(57,58,62,68) also reported on muscle strength with a follow-up
period of 24 weeks or longer and also did not show any statistically significant
difference between the two groups (260 subjects; SMD: 0.09; 95% Crl: -0.21 to
0.39; Tau = 0.11, I = 14%) (Figure 2D; Appendix — Supplementary Table 2).

The meta-analysis of four studies(57,58,61,65) comparing nutritional
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supplements with placebo or no treatment regarding physical performance using
the SPPB instrument to assess functioning also did not find any statistically
significant difference between the two groups (287 subjects; SMD = 0.30; 95%
Crl: -0.32 to 1.02; Tau = 0.3, 12 = 17%; GRADE: very low) (Figure 2G; Appendix
- Supplementary Table 2).

3.3.3.2 Nutritional Education and Functioning

A single study(53) compared nutritional education with general health
advice and did not find any differences in ADL (34 subjects; Median Functional
Impairment Measure [FIM] value for the nutritional education and control groups
were 87 with an IQR of 83 to 89, and 88 with an IQR of 84 to 89, respectively),
and IADL (34 subjects; Median Instrumental Activity Measure [IAM] value of 37
with an IQR of 31 to 41 for the treatment group and 40 with and IQR of 34 to 47
for the control group). The quality of evidence for that dyad of outcome and
intervention was graded as low (Appendix - Supplementary Table 1).

The meta-analysis of two studies(54,66) comparing nutritional education
with general health advice in terms of muscle strength with a follow-up of 24
weeks did not find any statistically significant difference between those groups
(92 subjects; SMD =-0.30; 95% Crl: -0.95 to 0.35; Tau = 0.16, 12 = 22%; GRADE:
Very Low) (Figure 3A; Appendix - Supplementary Table 1).

3.3.4 Physical activity

3.3.4.1 Nutritional Supplements and Physical Activity

The meta-analysis of two studies(61,62) comparing nutritional
supplements with placebo did not show any statistically significant difference on
physical activity scores with a follow-up period of 12 weeks (175 subjects; SMD:

-0.05; 95% Crl: -0.69 to 0.58; Tau = 0.18, 1> = 42%; GRADE: low) (Figure 2A;
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Appendix - Supplementary Table 2).

3.3.4.2 Nutritional Education and Physical Activity

A single study(53) compared nutritional education with general health
advice regarding the level of physical activity with a follow-up period of nine
months and did not find any statistically significant difference between the two
groups (the median physical activity level value for the treatment and control
groups were 3 with and IQR: 2 to 3 in a 6-graded scale), the frequency of walking
habits (the median value for the treatment and control groups were 6 [IQR: 4 to
6] and 6 [IQR 5 to 6] in a 7-point ordinal scale, respectively) and its duration (the
median value for the treatment and control groups were 2 [IQR: 2 to 2] and 2
[IQR: 2 to 3] in a 5-point ordinal scale, respectively) with 31 subjects. We graded
the quality of evidence for nutritional education for those outcomes as very low
(Appendix - Supplementary Table 1).

3.3.5 Frailty status

The metanalysis of three studies(61,62,69) comparing nutritional
supplements with placebo regarding frailty status as defined by the CHS criteria
did not find statistically significant differences between those groups (215
subjects; Odds Ratio = 2.30; 95% Crl: 0.72 to 7.01; Tau = 0.27, |12 = 6%, GRADE:
very low) (Figure 2F; Appendix - Supplementary Table 2).

3.3.6 Cognitive function

Three studies(52,55,59) compared nutritional supplements with placebo
regarding cognitive function using a variety of cognitive tests. We were able to
pool the results of those studies for two tests assessing declarative memory
(Word Learning Test [WLT] immediate and delayed recall) (180 subjects; SMD:

0.30; 95% Crl: -0.28 to 0.86; Tau = 0.22, 12 = 42%; and 167 subjects; SMD: 0.11;
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95% Crl: -0.31 to 0.53; Tau = 0.12, 12 = 16%; GRADE: low) (Figure 2B and 2L;
Appendix - Supplementary Table 2), and for two other tests evaluating language
and executive function (Verbal Fluency test for the following categories:
professionals and animals) (180 subjects; MD: 1.10; 95% Crl: -0.18 to 2.29; Tau
= 0.19, 12 = 3.5%;; and 180 subjects; MD: 0.21; 95% Crl: -0.99 to 1.42; Tau =
0.15, 12 = 1.8%; GRADE: moderate) (Figure 2C and 2M; Appendix -
Supplementary Table 2). None of the meta-analyses of the results of the cognitive
tests described above showed any statistically significant differences between
the treatment and control groups. As for the assessment of other cognitive
domains for which we were not able to pool results across studies, none of them
showed statistically significant differences between the nutritional
supplementation and the placebo groups in any of the individual studies.

3.3.7 Body Composition

3.3.7.1 Nutritional Supplements and Body Composition

Five studies(57,58,61,67,68) compared nutritional supplements with
placebo regarding body composition outcomes. We were able to pool results
regarding appendicular lean mass, which did not show any significant difference
between intervention and control groups (198 subjects; MD = 0.60 kg, 95% Crl: -
0.82 to 2.01; Tau = 0.18, 1> = 0%; GRADE: low) (Figure 2J; Appendix -
Supplementary Table 2). The meta-analysis of the results of two studies(57,58)
concerning total fat mass also did not show any statistically significant differences
between intervention and control groups (118 subjects; MD = 1.67 kg, 95% Crl: -
0.63 to 3.96; Tau = 0.18, 1> = 0%; GRADE: moderate) (Figure 2K; Appendix -
Supplementary Table 2). The meta-analysis of the results of two studies(67,68)

concerning fat-free-mass also did not show any statistically significant differences
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between the two groups (94 subjects; MD = 1.41 kg, 95% Crl: -0.00 to 2.76; Tau
=1.74,12=1.2%; GRADE: very low) (Figure 2E; Appendix - Supplementary Table
2).

3.3.7.2 Nutritional Education and Body Composition

A single study(60) compared nutritional education with general health
advice regarding the total fat-free mass of patients and did not find a statistically
significant difference between groups (48 subjects; MD: 0.6 kg; 95% Cirl: -1 to
2.2; GRADE: very low) (Appendix - Supplementary Table 1).

3.3.8 Falls

We did not find any RCTs that assessed the falls outcome in the context
of this review.

3.3.9 Hospitalization

We did not find any RCTs that assessed hospitalization as an outcome in
the context of this review.

4. Discussion

This systematic review identified 18 studies reporting on 16 randomized
trials that included a total of 2,253 older people with a mean follow-up between 3
and 24 months and found no statistically significant effect of nutritional
supplementation or nutritional education regarding any of the outcomes that were
assessed in our meta-analyses. The level of certainty associated with these
findings was low to very low regarding all outcomes with only two exceptions, fat
mass and the verbal fluency test, for which the level of certainty was classified as
moderate.

Our results are consistent with those of three recent systematic

reviews(26,71,72). Dedeyne et al(71) compared multi-domain interventions with
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single-domain interventions for the management of frailty. Although the authors
of that review were not able to perform meta-analyses, they argued for a tendency
for more beneficial effects related to multi-domain interventions in comparison
with single-domain interventions. Yoshimura et al(72) evaluated the effectiveness
of interventions to treat sarcopenia and also found that nutritional supplements in
isolation were not effective in improving body composition, grip strength and
walking speed. Although the authors of that review suggested that nutritional
interventions were effective in improving knee extension strength, such
conclusion was not supported by a careful reassessment of the results of the four
studies that examined that outcome through a single meta-analysis using
SMD(72). Finally, Negm et al(26) performed a systematic review with network
meta-analysis comparing a variety of interventions for the management of frailty
regarding the following outcomes: frailty, cognition, depression, quality of life,
mental and physical domains of quality of life, adverse events and serious
adverse events. Although that review considered any nutritional intervention (i.e.
from parenteral nutrition to supplementation of vitamin D and other individual
micronutrients), in any setting (i.e. from hospital to the community), and included
only one of the studies included in our review, none of the 6 network meta-
analyses comparing nutritional interventions alone with placebo or standard
treatment disclosed any statistically significant difference.

A recent systematic review by Apostolo et al(27) on a wide range of
interventions to prevent the progression of pre-frailty and frailty concluded that
nutritional supplementation is an effective intervention for increasing physical
activity and for reducing long-term exhaustion. However, that review did not

perform a single meta-analysis and that conclusion was based on the results of
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only three RCTs of nutritional interventions alone compared with placebo or no
treatment. Our review included two of those studies(14,65) and excluded the
third(73) because the nutritional supplement used in that study was neither
hypercaloric nor hyperproteic.

4.2 Strengths and limitations of this review

Our review has a number of potential limitations. Frailty is not always well
defined or labeled within databases, which may mean that some relevant studies
may not have been included. Additionally, our search strategy and inclusion
criteria were centered around the concept of frailty, which means that studies
including older adults that were not labeled as frail by their authors were not
included in our review even though those studies might have recruited older
people with frailty. This is likely a methodological limitation of all systematic
reviews on the subject of frailty and of several other health
conditions(24,26,27,71). To counterbalance that limitation we accepted very
broad definitions of frailty as was adopted in several other reviews on that subject
(18,21,24,26,71). The decision to accept a wide range of definitions of frailty
reflects the reality that across the world multiple approaches are used to diagnose
frailty and that even at the consensus conference that defined physical frailty no
single instrument was recommended for that purpose(1). Additionally, because
of the small number of studies included we were not able to perform subgroup
analyses for most outcomes. Finally, we did not assess the change in total
nutritional intake for patients in the different treatment groups; however such
analyses are often biased because they reflect post-randomization evaluations.

On the other hand, our review has a number of strengths which include an

extensive search strategy, the absence of a language-related exclusion criterion
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and the performance of Bayesian random-effects meta-analyses. Bayesian meta-
analysis with informative heterogeneity priors derived from an extensive review
of Cochrane reviews represents a strength of our study because of the small
number of studies that were pooled in the quantitative syntheses(34-36).

4.4 Implications for practice and research

Our results are consistent with the clinical recommendations available in
the new guideline on the identification and management of physical frailty by the
task force of the International Conference of Frailty and Sarcopenia Research
(ICFSR)(74). That guideline does not make any recommendation regarding the
use of nutritional supplements in isolation for the management of frailty in general
and only recommends the use of protein/caloric supplementation for older
patients with frailty when weight loss or undernutrition has been diagnosed.
Importantly the ICFSR recognized that their recommendations regarding the use
of nutritional supplements for the management of frailty were of low to very low
certainty of evidence.

Future studies should include important clinical outcomes such as
mortality and hospital admission, which are known to be adverse events related
to frailty but were not measured in any of the included studies in this review. More
robust research studies including larger number of subjects are needed to
establish the role of nutrition in the treatment of frailty.

5. Conclusions

Our results suggest mostly with low to very low degree of certainty that
neither nutritional education nor nutritional supplements in isolation are effective
for the management of frailty in older people.
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Table 1. Main Characteristics of studies included

Author, Year, Population Sample Setting Diagnostic Nutritional Comparators Duration of the Outcomes
Country (ref) Size, n criteria for Interventions intervention
frailty and of follow-
up

Lammes, 2012, Inclusion: =275 96 Communit Chin A Paw Individual General advice  3monthsand 9 Nutritional intake;
Sweden(60) years of age, y-dwelling dietary months Resting metabolic

defined as counselling rate; Body

frail; composition (body

Exclusion: density, fat mass

cardiac and fat-free mass)

problem;

recent hip

fracture or

surgery during

the last six

months;

present cancer

treatment;

stroke  within

the last two

years and less

than 7 points

on the short

form of the

Mini Mental

State

Examination

(MMSE)
Van de Rest, Inclusion: =65 127 Communit mCHS 250-mL protein  Placebo 24 weeks and Cognitive function
2014, years of age, y-dwelling supplement supplement 24 weeks (standard battery of
Netherlands(52) defined for neuropsychological

pre-frailty and
frailty;

tests)
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Exclusion:
cancer,
chronic
obstructive
pulmonary
disease,
muscle
disease, type 2
diabetes, renal
insufficiency

Rydwik, 2010, Inclusion: =75 96 Communit Chin A Paw Individual General advice 3 months and Habitual physical
Sweden(53) years defined y-dwelling dietary 24 months activity level and

as frail counselling activities of daily

Exclusion: living (ADL and

cardiac IADL)

problem;

recent hip

fracture or

surgery during

the last six

months;

present cancer

treatment;

stroke  within

the last two

years and less

than 7 points

on the short

form of the

MMSE
Wouters- Inclusion: = 65 101 Home for General 125-mL Placebo 6 months and  Cognitive  function
Wesseling, 2005, years of age, elderly according to nutritional supplement 6 months (word learning test,
Netherlands(55) who had a persons the presence supplement category fluency
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Zak,
Poland(56)

20009,

body mass
index  (BMI)
less than
25kg/mz,
defined as
frail;

Exclusion:
cancer,

gastrointestina
| disease, need
for a
therapeutic
diet
incompatible
with
supplementati
on, or mental
inability

Inclusion: 60-
95 years;
overweight

within a 20%
range; BMI >

19; Berg
Balance Scale
> 21; MMSE >
20;

Exclusion:
cancer, prior
surgical

treatment  of
the abdominal

area, acute
gastric  tract
disorders,

91

or
sheltered
housing
residence

Nursing
home and
communit
y_
dwellers

of BMI less
than 25 kg/m?

General
according to
the presence
of BMI >
19kg/m2,
individual
balance > 21
score and
score of >20
MMSE

200-mL
nutritional
supplement

test and recognition
memory test for
words)

Placebo
supplement

7 weeks and 7 Physical Function

weeks and Strength
Assessment (leg
press and leg
extension)
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Tieland and Van
2012,

de Rest,
Netherlands(58)

Van der Zwaluw,

2014,
Netherlands(75)

acute
pancreatitis or
diabetes, Any
recently
sustained
fractures, any
past cerebral
incidents
whose lasting
functional
Inclusion: = 65
years of age,
defined as pre-
frailty and
frailty;
Exclusion:
cancer,
chronic
obstructive
pulmonary
disease
(COPD),
muscle
disease, type 2
diabetes, renal
insufficiency

Inclusion: = 65
years of age.
Defined  pre-
frail or frailty;
Exclusion:
diabetes
mellitus type |
or Il, cancer,
COPD, renal

65 Communit
y-dwelling
65 Communit
y-dwelling

mCHS

mCHS

500-mL protein
supplement

250-mL protein
supplement

Placebo
supplement

Placebo
supplement

24 weeks and
24 weeks

24 weeks and
24 weeks

Body composition
(lean mass); Muscle
fiber cross sectional
area; Strength
Physical

performance  (leg
press, leg extension

and handgrip);
Physical
performance (short
physical

performance battery
[SPPB])

Cognitive
Performance
(standard battery of
neuropsychological
tests)
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Tieland and Dirks,
2012,

Netherlands(57)
Park, 2018,
Republic of
Korea(61)

Rydwik, 2008,
Sweden(54)

failure

Inclusion: > 65
years old) with
pre-frailty  or
frailty;
Exclusion:
cancer,
chronic
obstructive
pulmonary
disease
(COPD),
muscle
disease, type 2
diabetes, renal
insufficiency

Inclusion:
Aged 70-85
who were pre-
frail or frail and
at risk  of
malnutrition;
Exclusion:

had
comorbidities
such as kidney
or liver failure

Inclusion: = 75
in the city of
Solna, with
frailty or pre-
frailty
Exclusion:

62

120

96

Communit
y-dwelling

Communit
y-dwelling

Communit
y-dwelling

mCHS

mCHS

Chin A Paw

250-mL protein Placebo
supplement supplement
Protein Placebo
supplement (5 x supplement
10-g packs)

Individual General advice
dietary

counselling

24 weeks and
24 weeks

12 weeks and
12 weeks

3 months and 9
months

Body composition
(lean mass);
Strength (leg press
and leg extension);

Physical
performance
(SPPB)

Body composition
(muscle mass);
Status frailty; SPPB;
Physical activity
(IPAQ).

Physical
performance  (leg
press strength);
Nutritional
measures (body

composition [fat-free
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cardiac
problem;
recent hip
fracture or

surgery during
the last six
months;
present cancer
treatment;
stroke  within
the last two
years and less
than 7 points
on the short
form of the
MMSE

mass] and energy
intake); Health belief
model

Ng, 2015, |Inclusion: = 65 246 Communit mMCHS Nutritional Placebo 6 months and Frailty score;

Malaysia(14) years, able to y-dwelling supplement supplement 12 months Measures of frailty
ambulate components;
without Physical activity (31-
personal item  Longitudinal
assistance; Ageing Physical
Exclusion: Activity
impairment Questionnaire);
(Mini Mental Self-reported
State hospitalizations;
Examination Self-reported falls;
score), major Instrumental
depression, activities of daily
severe living and activities
audiovisual of daily living;
impairment, Handgrip strength;
any dependency
progressive,
degenerative
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Starr,
USA(64)

Payette,
Canada(63)

2016,

2002,

neurologic
disease,
terminal illness
with life
expectancy
<12 months

Inclusion:
Obese (BMI =
30 kg/m?);
SPPB score of
4-10 out of 12;
260 years of
age;
Exclusion:
GFR <45
mL/min/1.73
m2, dementia,
neurological
conditions
causing
functional
limitations,
and unstable
or terminal
medical
conditions

Inclusion: = 65
years who
were at high
nutritional risk;
Exclusion:
palliative care,
alcoholic,
cancer

67

89

Communit
y-dwelling

Receiving
long-term
home

help
services
offered by
7 local
communit

General
according to
the presence
of
functionally
impaired
(SPPB
score of 4-10
out of 12)

General

according to nutritional

500kcal
and

deficit 500kcal
protein and

deficit
intake months

supplement (60 protein normal

a)

470-mL

Did not receive 16 weeks and
any treatment

the presence supplement

of high
nutritional
risk

6 months and 6

16 weeks

Function; Body
composition  (lean
mass); Physical

activity (CHAMPS),
and hand grip
strength

Handgrip strength;
Isometric elbow
flexion and leg
extension strengths;

Perceived health;
Functional status;
Item short form

survey (SF-36)
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y services
centers

Kim and Lee, Inclusion: =265 87 Communit Interventions 400-mL Protein Did not receive 12 weeks and Physical
2013, South years with y-dwelling on Frailty Energy any treatment 12 weeks Functioning; SPPB;
Korea(65) frailty and low Working Supplementatio time-up-and-go test;
socioeconomi Group n one-legged stance;
¢ status; could gait speed, hand
not walk 3-m grip strength;
course within 5 anthropometric data
seconds at and dietary intake
their usual
pace;
Exclusion:
subjects
participating in
any kind of
exercise
program or
clinical
nutrition
program, who
were ordered
to restrict a
high-protein
diet by an
internist; who
are unable to
walk or are too
functionally
deteriorated
Bonnefoy, 2003, Inclusion: 57 Retireme  Characteristi  400-ml Protein Placebo 3monthsand9 Body composition
France(68) mean age 83 nt homes csagreement Energy supplement months (fat-free mass);
years; multiple with frailty Supplementatio Resting energy
diagnoses; n expenditure; Muscle
several power; BMI; Gait
medications, velocity; Stair
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Modification Nutrition

General

health 3 monthsand 6 Physical

Kwon, 2015, Inclusion: pre- 89 Communit

Japan(66) frail elderly y-dwelling of the criteria education education months performance:
women aged for frailty by muscle strength
270 years; Fried (handgrip strength),
Exclusion: balance, and
serum albumin walking; SF-36
245 mg/dL,
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Smoliner, 2008,
Germany(67)

Chatterjee, 2018,
India(69)

serious
musculoskelet
al conditions,
and taking
calcium or
vitamin D
supplements
Inclusion:
elderly  with
Mini Nutritional
Assessment
(MNA) < 235
points;
Exclusion:
implanted
defibrillators;
hemiplegia or
severe arthritis
Inclusion:
aged 260
years with
frailty
Exclusion:
resistive
training
exercise

or nutritional
supplementati
on in the
previous

6 months;
acute illness;
severe
obstructive
airway
disease;

65

66

Nursing
home points

Communit mCHS
y-dwelling

(MNA) < 23.5 Diet according to

German
reference values
with protein and
energy-enriched
soups, sauces
and snacks

Supplemented
with the deficit
quantity of
Nutrients
(carbohydrates
and proteins), as
per individual
need

Diet according to
German
reference values

Nutritional
counselled at
baseline about
their deficiency

12 weeks and BMI; Body

12 weeks

12 weeks and

12 weeks

composition (fat-
free mass);
Handgrip strength;
Respiratory muscle
strength; Barthel
index; SF-36

Gai Speed; Grip

strength; IADL;
MNA; Frailty
assessment; Serum
albumin;  Modified
Physical

Performance Test;
Berg Balance Scale;
Barthel activity of
daily living; geriatric
depression  scale

(GDS);  Cognitive
function (Hindi
Mental Status

Examination)
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severe
systolic
dysfunction;
severe
depression;
severe, painful
lower limb
muscle
condition;

and severe
cognitive
impairment

Table 2. Classification of risk of bias of included studies based on the Cochrane Risk of Bias tool for randomized clinical

trials (RoB 2)

Randomization  Assignment to Adhering to Missing Measurement of Reported OVERALL RISK

Authors, year process intervention intervention outcome data  the outcome result OF BIAS

Some High
Lammes, 2012 High High Some concerns Low Low concerns
Ng, 2015 Low Some concerns Low Low Low Low Some concerns
Park, 2018 Low Low Low Low Low Low Low

Some High
Payette, 2002 Some concerns High Low Low Low concerns

Some High
Rydwik, 2008 High High Some concerns Low Low concerns

Some High
Rydwik, 2010 High High Some concerns Low Low concerns
Starr, 2016 Some concerns High Low High Low Low High
Tieland and Dirks, Low
2012 Low Low Low Low Low Low
Tieland and Van de
Rest, 2012 Low Low Low Low Low Low Low
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Low

Van de Rest, 2014 Low Low Low Low Low Low
Van der Zwaluw, Low
2014 Low Low Low Low Low Low
Wouters- Some Some concerns
Wesseling, 2005 Low Low Low Low Low concerns
Zak, 2009 Some concerns Low Low Low Low Low Some concerns
Kim and Lee, 2013 Low High Low Low Low Low High
Some High
Kwon, 2015 Low High High Low Low concerns
Some High
Smoliner, 2008 High High High Low Low concerns
Some High
Bonnefoy, 2003 Some concerns High Low Low Low concerns
Chatterjee, 2018 Low High Low Low High Low High
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Appendix: Supplementary
Table 1. Grade System for Nutritional education compared to general health or no treatments for management of frailty in
older adults.

Nutritional education compared to General health advice for management of frailty in older adults

Patient or population: management of frailty in older adults
Setting: Older adults in the community

Intervention: Nutritional education

Comparison: General health advice

Anticipated absolute effects® (95% Cl) Certainty of

Risk with General Risk with Nutritional education (95% CI) (studies) LIS Comments
health advice ( )

TR Relative effect Ne of participants

Quality of life ~ They did not disclose any statistically significant difference between those groups
assessed
with: SF-36 89 @®OOQ) The evidence regarding the effects of nutritional education
follow up: (1RCT) VERY LOW be on quality of life is too uncertain.
mean 3
months a

Functioning: The median FIM value for the treatment and control groups at 24 months were 87
" (IQR: 83 to 89) and 88 (IQR: 84 to 89), respectively; the median IAM value for the
ADL and treatment and control groups at 24 months were 37 (IQR: 31 to 41) and 40 (IQR: 34
IADL to 47), respectively. ¢
assessed 34 EBEBOO Nutritional education likely does not increase/reduce
with: FIM (1RCT) LOW ef functioning: ADL and IADL . @
and IAM
follow up: 24
months de

Body MD 0.6 kg higher

Composition: (1 lower to 2.2 higher) 48 @®OOQ) The evidence regarding the effects of nutritional education
Fat-Free (1RCT) VERY LOW g on body composition (fat-free mass) is too uncertain.
Mass (Fat-
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Free Mass)
assessed

with: DXA

follow up: 9
months

Physical The median physical activity level value for the treatment and control group at 9
Activity months were 3 (IQR: 2 to 3), for both; for the walking habits frequency value for the
assessed  treatment and control group 6 (IQR: 4 to 6) and 6 (5 and 6), respectively; for

with: walking habits duration value for the treatment and control group 2 (IQR: 2 to 2)

I and 2 (2 and 3), respectively. 31
Classification (1RCT)

of Physical
Activity

follow up: 9
months

®O00O

VERY LOW fg

The evidence regarding the effects of nutritional education
on physical activity is too uncertain.

SMD 0.3 SD lower

Muscle (0.95 lower to 0.35 higher)
strength

assessed

with:

} 92
Handgrip
and Leg (2RCTs)
Pres (kg)
follow up: 24
weeks

®O00O

VERY LOW be

The evidence regarding the effects of nutritional education
on muscle strength is too uncertain.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

ClI: Confidence interval; RR: Risk ratio; MD: Mean difference; SMD: Standardised mean difference

Explanations
a. The Short Form Health Survey is a 36-item

b. Classification of Risk of Bias was considered high because of problems related to allocation concealment, lack of blinding and absence of information regarding adherence to the assigned intervention regimen

c. Small simple size (less than 400)
d. ADL: activities of daily living; IADL: instrumental activities of daily living
e. FIM: Functional Independence Measure; IAM: Instrumental Activity Measures

f. Classification of Risk of Bias was considered high because of problems related to allocation concealment, lack of blinding, absence of information regarding adherence to the assigned intervention regimen and absence of registered protocol

g. Sample size too small and confidence intervals included both significant harm and benefits
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Appendix: Supplementary

Table 2. Grade System for Nutritional supplements compared to Placebo or no treatments for management of frailty in
older adults.

Nutritional supplements compared to Placebo or no treatments for management of frailty in older adults

Patient or population: management of frailty in older adults
Setting: Older adults in the community or long-term care facilities
Intervention: Nutritional supplements

Comparison: Placebo or no treatments

Anticipated absolute effects® (95% Cl)

. . Certainty of
Outcomes FEELE Gl A2 Ll e the evidence Comments
Risk with Placebo or no Risk with Nutritional supplements (95% Cl) (studies) (GRADE)
treatments
) . MD 8.7 higher

Quality of life (6.01 lower to 23.41 higher) " . o

assessed Nutritional supplements may not increase quality of life.
with: SF-36 ) 81 @@OO Other subscales of SF-36 that were assessed; vitality (MD:
follow up: 16 (1RCT) LOW ¢ -5.9; 95% Cl: -14.82 to -3.02); Physical role functioning

(MD: -6.4; 95% CI: -22,28 t0 9.48). ©
weeks ab

Functioning One study the Barthel ADL index after 12 weeks of follow-up (Median scores of 3.0
assessed and 1.5, respectively, p<0.001). And other study showed after 12 months of follow-
with: up (99 subjects; Risk Ratio [RR]: 1.02; 95% Cl: 0.22 to 4.81)

Prevalence of

ADL and 135 o000 Evidence does not suggest benefits of nutritional

IADL (2RCTs) VERY LOW ce supplements in terms of functioning
dependence

follow up:
mean 12
months ¢

Functioning: MD 0.04 higher
i (0.01 lower to 0.1 higher)
(((;;:iltt SS p::g) ) 473 11010) Nutritional supplements likely results in little to no
asses?se q (7 RCTs) LOW e difference in physical performance: Gait Speed .

with: m/s
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follow up: 12
to 24 weeks

Functioning:
Strength
(Strength)
follow up: 12
weeks

SMD 0.01 SD lower
(0.21 lower to 0.2 higher)

603
(9RCTs)

@@OO Nutritional supplements probably result in little to no
LOW e difference in strength.

Functioning:
SPPB
(SPPB)
assessed
with: 0 to 12
scale were
higher
numbers
mean better
performance
follow up: 12
to 24 weeks f

MD 0.3 higher
(0.32 lower to 1.02 higher)

287
(4RCTs)

@OOO Nutritional supplements may not increase functioning:
VERY LOW SPPB. f
C,g,h

Cognitive
function:
Declarative
memory
(Memory)
assessed
with: Word
Learning test
delayed recall
follow up: 24
weeks

SMD 0.11 SD higher
(0.31 lower to 0.53 higher)

167
(3RCTs)

Nutritional supplements probably do not increase cognitive
function: Declarative memory. For the immediate recall part
EB@OO of the word learning test there was also no evidence that
LOWe nutrition supplementation improved cognitive performance
(SMD: 0.30; 95% Cl: -0.28 to 0.86, 3 studies).

Cognitive
function:
language and
executive
function
(Language
and executive

MD 0.21 SD higher
(0.99 lower to 1.42 higher)

180
(3RCTs)

Nutritional supplements likely result in little to no difference

in cognitive function: language and executive function. For

@D  the verbal fluency test using professions and p word as the

MODERATEi  prompting semantic category there was also no evidence
that nutrition supplementation improved cognitive

performance (MD: 1.10; 95% ClI: -0.18 to 2.29, 3 studies).
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function)
assessed
with: Verbal
fluency test
(animals)
follow up: 24
weeks

Body
composition:
Appendicular

lean mass
(Appendicular
lean mass)
assessed
with: DXA
(kg)
follow up: 12
weeks i

MD 0.6 higher
(0.82 lower to 2.01 higher)

198
(5RCTs)

@D  Nutritional supplements likely result in lttle to no difference
LOW ei in body composition: Appendicular lean mass.

Physical
activity
assessed
with: Various
scales
follow up: 12
weeks

SMD 0.5 SD lower
(0.69 lower to 0.58 higher)

175
(2RCTs)

EBG)OO The effect of nutritional supplement on physical activity is
LOW ¢ too uncertain.

Frail
assessed
with: number
of individuals
with frailty
follow up: 12
weeks

83 per 1.000

173 per 1.000
(61 to 389)

OR 2.30
(0.7210 7.01)

215
(3RCTs)

@OOO Nutritional supplements may not decrease number of
VERY LOW individuals with frailty.

c,gi

Body
composition:
Fat mass
assessed
with; DXA

MD 1.67 higher
(0.63 lower to 3.96 higher)

18
(2RCTs)

@D  Nutritional supplements likely result in little to no difference
MODERATE in body composition (fat-free mass).
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(kg)
follow up: 12
weeks i

Body MD 1.41 higher
composition: (0o 2.76 higher)
Fat-free mass
assessed 94 @OOO Evidence does not suggest benefits of nutritional
with: DXA (2RCTs) VERY LOW ei supplements in terms of body composition (fat mass).
(k)
follow up: 12
weeks |

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

ClI: Confidence interval; MD: Mean difference; RR: Risk ratio; SMD: Standardised mean difference; OR: Odds ratio

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

Explanations

a. Emotional Role Functioning Subscale of SF-36

b. SF-36: 36-ltem Short Form Health Survey

c. Sample size too small and confidence intervals included both significant harm and benefits
d. ADL: activities of daily living; IADL: instrumental activities of daily living

e. Risk of bias high mainly assignment to intervention and adhering to intervention

f. SPPB: Short Physical Performance Battery

g. Risk of bias high mainly assignment to intervention

h. For the SPPB outcome we considered a change of 0.3 to be the minimally clinically significant difference according KWON 2019.
i. Small sample size (less than 400)

j. DEXA: Dual-energy X-ray absorptiometry
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Figure 2. Forest plots of meta-analyses comparing nutritional supplements with placebo

A) Physical Activity follow-up 12 weeks.

Ng, 2015 = 0.15 [-0.25, 0.56]
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prediction (3y.1) . -0.04[-1.09, 0.98]
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12 = 42%
1 05 0 05 1

Standardized Mean Difference
B) Cognitive function: Declarative memory assessed with: Word Learning test follow-up 24

weeks.
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Van de Rest, 2014 —_— -0.06 [-0.59, 0.47]
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C) Cognitive function: Language and executive function Word Fluency “P” and Professionals
follow-up 24 weeks.

Van der Zwaluw, 2014 -0.50 [-2.80, 1.80]

Wouters-Wesseling, 2005 L o—— 1.80[0.61, 2.99]
Van de Rest, 2014 : 0.40[-2.01, 2.81]
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D) Functioning: Muscle strength

Ng, 2015 — = 0.02

[[0.39,0.43]
Tieland and Dirks, 2012 . 0.10 [-0.40, 0.60]
Tieland and Van de Rest, 2012 # 0.00[-0.49, 0.49]
Bonnefay, 2003 : 0.33[-0.28, 0.94]
mean effect (u) ————— 0.09 [-0.21, 0.39]
prediction (3..4) : 0.09 [-0.38, 0.57]

Tau =0.11 | | | |

12 = 14%
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Standardized Mean Difference

E) Body composition: Fat-free mass follow-up 12 weeks

Smaliner, 2008 020[-392, 432]
Bonnefoy, 2003 —— 1.50 [ 0.56, 2.44]
mean effect (u) —— 1.41 [-0.00, 2.76] 73
prediction (S,.4) i ———— 1.42 [-0.50, 3.19]
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F) Frall

Mg, 2015
Chatterjee, 2018
Park, 2018

mean effect (u)
prediction (i, )

Tau =0.27
12 = 6% 0

I T 1 | 1 1
0.02 0.14 1 7.39 5486

Odds Ratio

3.07 [1.12, 8.44]
0.32 [0.01, 8.25]
2.05 [0.18, 23.59]

2.30 [0.72, 7.01]
2.32 [0.51, 9.66]

G) Functioning: Short Physical Performance Battery follow-up 12 weeks.
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Kim and Lee, 2013 ——
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H) Functioning: Muscle Strength follow-up 12 weeks.
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I) Functioning: Gait Speed
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J) Body composition: Appendicular lean mass follow-up 12 weeks.
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Park, 2018
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K) Body composition: Fat mass follow-up 12 weeks.

Tieland and Dirks, 2012
Tieland and Van de Rest, 2012

mean effect (u)
prediction (i)
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12 = 0% -6

Mean Difference
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L) Cognitive function: Declarative memory assessed with: Word Learning Test Delayed

follow-up 24 weeks.
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M) Cognitive function: Language and executive function Word Fluency Animals follow-up

24 weeks.
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Figure 3. Forest plots of meta-analyses comparing nutritional education with general health

A) Muscle strength

Know, 2015
Rydwik, 2008
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Review quastion
Can nutritional interventions help treatment of frailty in older adulis living im the community or in long-term
care facilities?

Searches

Two independent researchers will examine the lists of references identified through electronic search. We
will also hand-search reference lists of relevant publications including review articles on fraiky and of orginal
studies considered eligible for the review. Additionally, we will contact experis in the field of nutrition and
frailty to ask for references to published and unpublished data. We also intend o contact researchers to
reguest relevant unpublished data whenever possible.

We will search the following databases for relevant studies: MEDLIME (via PubMed), Embase, CINAHL,
Cochrane Central Register of Controlled Trials (CEMTRAL), LILACS and Web of Science.

We will search the following databases for gray literature: System for information on Gray Literature in
Eurocpe (Open Gray), Virginia Henderson Global Mursing e-Repository, Mational Library of Medicine
Bookshelf, ClinizalTrials.gov, and Weorld Health Intemational Clinical Trials Registry Platform (ICTRP)

We will include only parallel-group randomized clinical frials published since 2001 in English, Portuguese or
Spanish. We will accept trials whereby the unit of randomization consisted of individuals or clusters of

individuals.

Search strategy
hittps:/fwww_crd_york_ac uk/PROSPEROFILES/111510_STRATEGY_20181003_pdf

Types of study to be included
Randomized clinical trials. We will accept trials whose unit of randomization were individuals or clusters of
individuals.

Condition or domain being studied

Frailty has been defined as a clinical syndrome of multicausal crigin characterized by a reduction of
physioclogical reserves that increase the vulnerability of an individual to adverse outcomes such as the
development of functional dependence and death. Considered ocne of the most important geriatric
syndromes, frailty’s prevention and management represent imporant goals for gerontology and geriatrics.
Although nutrition plays an important rele within the multifactornal susceptibility for this syndrome, up to
present mo systematic review addressed the effectivensess of nutriional interventions for the treatment of

fraitty.

Participants/population

We will include studies that recruited clder adults (aged G0 years or clder) with a diagnosis of frailty or pre-
frailty amd livimg in the community or in long-term care facilities. We will accept any criteria used by original
studies to diagnose that syndrome. Studies that have been performed durimg hospitalization episodes will not
be included.

Intervention(s), exposure(s)
We will include studies that have implemented at least one of the following nutriional interventions:
mutritional education / dietary prescription, the use of hypercaloric or hyperproteic dietary oral supplements
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and the delivery of specific dists. Additicnally, we will also include studies that adopted any of the abowve
interventions concomitanthy with another single or multifactorial intervention provided that the comparator
was the same set of interventions without the nutritional ntersention component.

Comparatons)fcontrol
We will accept as comparators standard treatment, placebo, other nutritiomal interventicns, and mulifactonal
interventions without a nutritional component.

Context

Main outcome(s)
Maortality.

Additional outcome(s)
1. Quality of life, measured by any imstrument.

2. Functional capacity, measured by any instrument.
3. Cognitive function, measurad by any instrunmsent.
4. State of frailty, measured by any instrument.

5. Body compaosition, measured by any instrument

&. Physical activity, measured by any instrument.

Data extraction (selection and coding)

Two reviewers will extract data independently using a standardized pre-piloted form imcluding the following
data: complete reference; timme period when the study was conducted; geographical location; presence of
divergences between the study protocol and published results; study design; types of interventions and
comparators; duration of the intervention and of follow-up; inclusionfexclusion criteria; sample size;
characteristics of the population; balance between groups at the baseline; funding source; method of
randomization; presence of simultameous imterventions; diagnostic erteria of frailty; nutriional interventions;
details of the intervention, including type, dose, freguency, and duration; control treatment; outcome
measures; blinding (patients, field professionals and outcome assessors); duration of follow-up; loss of follow-
up; resulis; imtention-to-treat analysis; conclusions reporied by the study authors; amd research limitations. In
addition, there will be a field for the registration of other information deemed relevant by the reviewers.

Diisagreements about extracted data will be resolved by consensus, and an independent reviewesr will b
consulted if disagreement persists.

Risk of bias (quality) assessment

To assess the risk of bias im the included studies, two review authors will independently use The Cochrane
Cuollaboration’s Risk of Bias tool for ramdomized clinical trals. Accordingly, the following domains will be
assessed: random seguence generation, allocation concealment, blinding, incomplete outcome data,
selective reporting and other bias. Each of these criteria will be assigned one of the follcwing categories: kow
risk of bias; high risk of bias; or unclear risk of bias, where unclear relates to the lack of precise information
or uncertainty owver the potential for bias.

Where applicable, the investigators of selected trials will be contacted to provide additional relevant
information. Disagreements bebaeen the authors regarding the assessment of risk of bias will be rescheed by
consensus, and a third reviewer will be consulted when needead.

Strategy for data synthesis
We will organize the synthesis of data according to the types of nutritional interventions studied, the types of
comparators, and populations studied (i.e. clder adults living in the community or in long-term care facilities).

If the included studies are sufficiently similar in terms of population, inclusion eriteria, interventions and
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results, we will perform quantitative synthesis using the random effects models.

Diichotomous data: the results will be presented as the risk ratios with 25% confidence intervals. Continuous
data: the results will be presentad as the mean difference, if outcomes are measured using similar scales
between trials. We will use the standardized mean difference to combine trials that measure the same
outcome using different scales or instruments.

Analysis of subgroups or subsets

If sufficient data is available, we will perform the following subgroup analyses: conceming specific details of
mutritional interventions (2.g. components and duration}, ressarch scenarno (i.e. community or long-term care
facilities), risk of bias and crteria wsed to diagnose frailty.

Contact details for further information
Mariana Bordinhon de Moraes
niutrimarianabdgmail_com

Organisational affiliation of the review

Botucatu Medical School, State UniversityUMESP, S3o0 Paulo, Brazil
woaner_fmb_unesp br
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O Edison Vidal. Botucatu Medical School, State UniversityUNESP, S30 Paulo, Brazil

Type and method of review
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Anticipated completion date
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Details of any existing review of the same topic by the same authors
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FPreliminary searches Yes Mo
Filoting of the study selection process Yes Mo
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Abstract Y
Background: Fraily has bean dafined as a dinical syndrome of mulicausal arigin charactadzsd by a reduction of physiobagic |
rasarvas that incraase tha vulinarability of an indvidual 1o advarsa cutcomeas such as tha dawalopment of funclional depandance and
daath, Considarad ona of tha most imporant gedatnic syndromes, Traity's prevantion and rmanagameant reprasant important goalks for
garontaogy and gadatrics. Athough nuirdtion plays an important roba within the muititactorial suscaptibdity for this syndrorma, up to
tha prasant no systamatc review spacificaly addrassad tha aflactieness of nulrilional intervantions for tha traatmeant of fraity.
Thanatora, wea proposa the presant systamalic reviaw with the aim 1o assass the affectivaness of nutritional intervantions for tha
traatmeant of frailty in cidar adulls hving in the community or in long-arm cara facillies.

Methods:\Weawill sasrch Madline fvia Pubmed), Embasa, Cinahl, Cantral, Lilaes, Wabol Scanca, and sounces of gray literatuna, Wa
willacoap! triaks wharaby tha unit of mndomization consisted of indviduats or dustars of individuats, Our primarny outcome is all-cause
martally. Sacondary outoomeas ana quality of ke, functional status, cognitive function, frailty status, body composition, and physcal
activity. Fisk of bias wil ba assessad using the Cochrans Collaboration tool. W will analyzs tha ovarall strangth of the evidancea for
aach outcorma using the Grading of Recommeandations Assessmeant, Devedopmeant and Evaluation {GRADE) tool Two indapandant
rasaarchars will conduct all svaluations and any disagreamants will ba resobad through the paricipation of a 3nd author, I possibla,
wia will parfomm random-afacts mata-analvsss and subgroup anakeas concarning spaciic datails of nutritional imanantions @.g.,
componants and duration), ressanch scanario, rek of bas, and oritada usad 1o dagnoss frailty.

Conclusion: In the systamatc review protoca we outline the datails of the aims and mathads of a systamalic revisw on tha
affactivanass of nutriticnal intarvantions for the managamant of falty in oldar adults iving in the community or in kong-tam cang
faciities™. Wa balieva this wording 1o ba mona objactiva and balancad than tha previous ana. We undarstand that it is not idaal to
proposs changas 10 tha taxt aftar manuscripls havea bean accaptad. However, wea Taal that thae nesswonding of the concluson sachion
of the abeiract iz mora consistant with tha overall contant of the main texd of tha review than its previous varsion. Hanca, wea hopa you
may accapt our request.

Abbreviations: GRADE = Grading of Recommeandations Asssssmeant, Devalopgmeant, and Evaluation, GRADEPRO = Grading ol
Recommendations Assassmant, Developmant, and Bwaluation Profiber Softwara, 1CTRP = Wodd Health Intemational Clinical Triaks
Ragistry Patlan, OPEN GRAY = Gray Literatura in Europa, PROSPERD = Intamational Prospactiva Ragister of Systamaltic

Keywords: agad, disl, distary supplameants, Teading, frailly, nutrtion, systamalic revisa

1. Intreduction

Frailty has been defined as a clinical syndrome of multcausal
origin characterized by a reduction of physiologic reserves that
increase the vulnerability of an individual to adverse outcomes

such as the development of funcrional dependence and death. M
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Considered one of the most important geriatric syndromes,
frailty’s prevention and management represent important goals
for gerontology and geriatrics.'™ The concepr of frailty has
greatly contributed to the development of this field by
highlighting a multiplicity of subdinical factors [i.e, going
beyondthe presence of funcrional dependence and comorbidities)
and contributing to the reduction of the capacity of older adults
to maintain their homeostasis when exposed 1o stressor evenis.F)
In fact, studies wsing different operational definitions of frailey
have shown thar it represents an important risk facor for a

variety of negative outcomes. For example, frail older aduls were
found to be at an increased risk of falling by 84%., when

84



compared to those who are nonfrail ¥! The frailiy syndrome has
also heen associated with 70% greater chance of fractures, P
30% increase in the risk of developing dementa,®™ and 90%
increase in the risk of h-:rspitaJizaﬁcrn.l An inverse association
between frailty and quality of life of older aduls living in the
community has also been abserved. B

These data are especially relevant when one considers the resuls
of smdies reporting the prevalence of this syndrome among older
adulis and the perspectives of population aging worldwide. 1 A
systematic review on the prevalence of fraily among community-
dwelling eldedy identified that prevalence ranged from 4% o
39%  with a weighted average of 11 &g, M A zignificant increase in
the prevalence of this syndrome iz also noted among individuals of
a more advanced age, reaching an average of abour 27% among
adults older than 83 years of age." " Amid institutionalized older
adults, the prevalence of frailty ranged from 19% to 76%, with a
weighted average of 52% fa]

An important meeting of experts, leading to the 1st successiul
international comsensus on the definition of frailey, considered
that there was some evidence suggesting possible benefits of 4
types of interventions for managing this condition: physical
exerdse, calofc and protein support, vicamin D supplementa-
tion, and reduction of polypharmacy.!

Lss of muscle mass is one of the consequences of weight lossin
older adults, along with reduction of strength, mobility, and
immune dysfunction, which represent typical charactenstics of
frailty. In addition, malnutridon in older adults increases the nsk
of hopitalization, functional dependence, and death in this
population." ¥ The association between nutritional factors and
the occurrence of frailty was also observed in the systematic
review af Ln:rrmm—h:'rjp-r:z et al that amalyzed data from 19
ohservational studies.'® The matritional factors examined by
this review were micronutrients, macronutrients, diet quality,
antoxddants, and soore in the Mini Moritonal Assessment!™

Due to the global phenomenon of population a,gi:ing_,m the
increased prevalence of frailty at more advanced ages and the
negative consequences of this syndrome, studies about efficacy
and effectiveness of interventions to manage this syndrome have
great importance, particularly aiming at the prevention of such
adverse events. In view of the mlevance of the topic and the
arguments presented above, we propose the present systematic
review with the aim to assess the effeaivenss of nutritional
interventions for the treatment of fraily in older adults living in
the community or in long-term care facilities.

2. Methods
2.1. Study registration

This systematic review protocol has  been  registered on
PROSPERD under the number of CRD42015111510, and
was performed in accordance with the Preferred Reporting [tems
for Systematic Reviews and Meta-analysiz Protoool. ™) This is a
literarure-based smdy, 2o ethical approval is unnecessary.

2.2 Selection criteria

2.21. Types of studies. We will nclude only pamllelgroup
randomized dinical trials published since 2001 in English,
Portuguese, or Spanish. We will accepr triak whereby the unit of
randomization consiged of individuals or dusters of individuals.

2.22 Types of participants. We will indude studies that
recruited older adults (aged 60 years or older) with a diagnosis of

frailty or prefrailiy and living in the community or in long-term
care Facilities. We will accept any criteria used by original stdies
to diagnose that syndrome. Studies that have been performed
during hospitalization episodes will not be included.

22.3. Typesof inferventions. We will indude studies that have
implemented at least one of the following mutritonal inter-
ventions: nutritional educaton/dietary prescription, the use of
hypercaloric or hyperproteic dietary oral supplements and the
delivery of specific diets. Additionally, we will alsoindude smdies
that adopted any of the above interventions concomitantly with
another single or multifactorial intervention provided thart the
comparator was the same set of interventions withour the
nutritional intervention component. We will accept as compa-
rators standard treamment, placebo, other nutrtional interven-
tons, and multifacorial interventions without a nutritional
COMPONEnt.

22.4. Types of outcomes. We will indude smdies if they report
art least one of the following outcome measures.

22.4.1. Pamary oulcomas.
1. Maortality.

22 42 Secondary outcomes.

. Quality of life, measured by any instrument

. Functional capacity, measured by any instrument.
. Cognitive function, measured by any instrument.
. State of frailty, measured by any ingrument.

. Body compaosition, measured by any instrument.

. Physical activity, measured by any instrument.

N

2.3. Search methods for study identification

Two independent researchers will examine the lists of references
identified through electronic search. We will also hand-search
reference lists of relevant publications incduding review articleson
frailty and of original smdies considered eligible for the review.
Additionally, we will contact experts in the field of nutrition and
frailty to ask for references to publizshed and unpublished data.
We also intend to contact researchers to request relevant

unpublished data whenever possible.

2.3.1. Electronic searches. We will search the folloaring
damabases for relevant studies, using the search terms derailed
in Appendix 1 hopalinks. ow com/MIVCT25 Medline (via
Pubmed}), Embase, Cinahl, Central, Lilacs ¢ Web of Saence.

2.3.2. Other resources. We will search the following data bases
for gray lirerature: Sysem for information on Gray Literamure in
Europe (Open Gray), Virginia Henderson Global Mursing e-
Hepomitory, Madonal Library of Medicdne Bookshelf, Clinical-
Triak.gov, and World Health International Clinical Trials
Registry Platform (ICTRP).

2.4, Data collection and analysis
2.4.1. Selection of studies. For all studies identified, 2 authors

will ndependently screen and review the titles and abstracts. Full
wersions of potentially relevant studies will be obtained. Where
applicable, we will contact the authors of selected studies o ask
for addinonal dara. Disputes regarding the inclusion of a smdy
will be resolved through discussion with a 3rd reviewer.
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2.5 Data extraction and management

Two reviewers will extma data independently using a standard-
ized prepiloted form incliding the following data: complete
reference; ime period when the smdy was conducted: geograph-
ical location; presence of divergences bevween the study protocnl
and published resuls: stdy design types of interventions and
comparators; duration of the intervention and of follow-up;
indusoniexchsion citeria; sample size; characreristics of the
population; balance between groups at the baseline; funding
source; method of randomization; presence of simultaneons
interventions; diagnoaic criteria of frailty; nutritional interven-
tons; details of the intervention, induding type, dose, frequency,
and duration; contel treamment; outcome measums; blinding
[patients, field profesionak and outcome assessors); duraton of
followe-upy loss of follow-up; resuls; intention-to-trear anabysis;
conclusions reported by the study awthors; and research
limitations. In addition, there will be a field for the registration
of other information deemed relevant by the reviewers,

Disagreements abowr extracted data will be reslved by
conzensns, and an independent reviewer will be consulted if
disagreement persists,

2.51. Assessment of bias risk. To asess the rek of bias in the
incuded smdies, 2 mwview authors will independently use The
Cochrane Collaboraton’s Risk of Bias wol for randomized
clinical trials."® Accordingly, the following domains will be
assessed: random sequence generation, allocation concealment,
blinding, incomplete outcome data, selective reporting, and other
hias. Each of these criteria will be assigned one of the following
categories: low risk of hias; high risk of biag or unclear risk of
bias, where undear relares to the lack of precise information or
uncerrainty over the potental for bias,

Where applicable, the investigators of selected trials will be
contacted to provide additional relevant information. Disagree-
ments herween the authors regarding the assessment of rek of
bias wall be resolved by comsensus, and a 3red reviewer will be

consulied when needed.

2.82. Rating quality of evidance. We will analyze the overall
strength of the evidence for each ourcome using the Grading
of Recommendations Assessment, Development and Evalua-
tdon (GRADE) tool. This system represents a method that
evaluates the quality of evidence in systematic reviews
explidtly, comprehensively, transparenty, and pragmartical-
ly.1"" The GRADE system evaluates the following dimensions
regarding the quality of evidence: study limitations/risk of
bias, inconsistency, indirea effects, maccuracy, publication
bias, and factors that may increase the quality of evidence
According o GRADE, the quality of the evidence regarding
each oumome analyzed is classified into 104 levels: high,
moderate, low, and very low.'®

We will use the GRADE profiler software (GRADEFRO) o
create “summary of findings™ tables with outcome specific
information concerning the overall quality of evidence and the
magnitude of effect of the interventions examined by the
examined body of evidence.

2.83. Measures of treatment effects. Dichotomous data: the
results will be presented as the risk ratios with 95% confidence
intervak. Continuous data: the results will be presented as the
mean difference, if outcomes am measured wsing similar scales
hetween triak. We will use the gandardized mean difference to
combine trials that measure the same outcome using different
scales or instruments,

W md-ourmal com

2.584. Unit of analysis issues. The appropriate unit of analysis
will be the individual patient, rather than hospitals or health
centers In smdies with multple intervention groups, we will
include only the comparisons between groups that meet our
eligibility criteria. If more than 1 pair of intervention comparisons
are cligible for a given meta-analysis and those pairs of
comparsons have at least 1 intervention group in commaon,
we will proceed using one of the methods recommended by the
Cochrane Collaboration in the following order of preference
according to the feasibility of each approach: we will attempt to
merge the intervention groups to yield a single pairwise
comparson; we will attempt o account for the correlation
berween correlated comparsons by calculating a weighred
average of the different pairwise comparisons; and we will
perform a network meta-analysis,

2.45. Missing data. Whereapplicable, we will contact the chief
investigators of dlinical trials with mising data or unclear
information |e.g., unclear risk of bias). Whenever possible we will
include in mers-analyses data from intention-to-treat analyses,
We will not perform imputation procedures for missing data.

2.86. Assessmert of reporting biases. If there are sufficient
numbers of triak (at least 10), we will constructa funnel plotand
we will apply the Egger tests and the Trim and Fill method in the

evaluation of publication hias,

2.47. Data synthesis. We will organize the synthesis of data
according to the types of nutridonal interventons smdied, the
ty pes of comparators, and populations smdied (i.e., older aduls
living in the community or in long-term care faclities).

If the included studies are sufficiently similar in terms of
population, inclusion criteria, interventions, and results, we will

perform quantitative synthesis using the random effects models.
2.58. Assessmernt of heterogeneiy. If the available data

allow the performance of meta-analyses, we will assess
statistical heterogeneity by means of I* statistics, which will
the iirerreted scaording to ohe currant Coclirine Collabaration
guidance as follows: 0% to 40% might not be importang 30%
to 60% may represent moderate heterogeneity; 30% o 90%
may represent substantal heterogeneity; 73% w 100%
considerable hwrngmct[f.lj'ﬂ If we find substantial heteroge-
neity, we will attempt to perform subgroup amalyses as
described in the following secions,

2.89. Subgroup analyses. If sufficient data are available, we
will perform the following subgroup analyses: concerning specific
details of motridomal interventions [e.g., components and
duration), research scenario (Le., community or long-term care
facilities), risk of hias, and criteria wsed o diagnose frailry.

2,810 Sersitivity analysis. We have not planned any sensitivi-
ty analyses.,

3. Discussion

Murdtion plys an important role within the multifacorial
suscepiibility of this syndrome: however, up to the present no
systematc review addressed the effectiveness of nurritonal
interventions for the treatment of frailty. The systematic
specifically reviews identified in the literamire on this topic
emphasze interventions related to physical activity withour any
particular foous o nutritional  interventions, which were
generally analyzed briefly and ina secondary manner, %131 72

86



Momes et al. Madicire (2018) 9752

Author contrbutions

Conceprualization: Mariana Bordinhon de Moraes, Edison

Iglesias de Oliveira Vidal.

Diata curation: Mariana Bordinhon de Moraes, Edison Iglesias de
Oliveira Vidal

Formal analysis: Mariana Bordinhon de Moraes, Christina
Avgerinou, Edison Iglesias de Oliveira Vidal

Investigation: Mariana Bordinhon de Moraes, Carolina Fumico
Massuda Araujo, Edson Iglesias de Oliveira Vidal

Methodology: Mariana Bordinhon de Moraes, Carolina Fumico
Massuda Araujo, Edison Iglesias de Oliveira Vidal

Project adminstration: Mariama Bordinhon de Moraes, Chris-
tima Avgerinon, Edison Iglesias de Oliveira Vidal.

Resources: Manana Bordinhon de Moraes, Christina Avgerinou,
Edizon Iglesias de Oliveira Vidal

Supervision: Edison Iglesias de Oliveira Vidal.

Validaton: Mariana Bordinhon de Moraes, Carolina Fumico
Massuda Araujo.

Visualization: Mariana Bordinhon de Moraes, Carolina Fumico
Massuda Araujo.

Writing — original drafi: Mariana Bordinhon de Moraes,
Carolina Fumico Massuda Araujo.

Writing - review & editing: Mariana Bordinhon de Morags,
Christina Avgerinow, Edison [glesias de Oliveira Vidal.

References

[1] Markey JE, Vellas B, Van Kan (4, #f al. Fraiky consensus: a call to
acrion. | Am Med Dir Assoc 2013;14:392-7.,

12) Inouye SK, Studenski s, Tiners ME, e al. Geriatric syndromes: dinical,
research and policy implications of 2 are geriatric concepe. | Am Ceriatr
Soc AMIT S TRO-91.

[3] Vidal EL de 0. Fraikty in older adules: perspectives for research and
practice in Public Health. Cad Sadde Piblic 2004 30:1133-5

[4] Kojima (. Fraity a5 a prediomr of future falls among ovmmunity-
dwelling older people: 2 sysemaric review and meta-analysis. | Am Med
T Assoc 2005;16:1027=33.

[5] Kojima (3. Frailty as a predicor of fractures among cymmuniry-dwelling
older people: 2 systematic review and meta-analysis. Bone 2016 90:1 15-
12

1] Ko (3, Toniguchi ¥, 15 5, ot ol, Fonity s o peeiiceor of plsheirae
disease, vascular demenria, and all dementia among mmmuniry-dweliing
olderpenple 2 systemaric review and met-anabysis. | Am Med Dir Asoc
261 THE =R

Medicine

[7] Knjima (i Frailty a5 a predictor of hospitalisation among mmmuniry-
dwelling older people: 2 sysemadc review and mera-analysis. |
Epideminl Community Health 2016 7. 722-9.

[§] Knjima G, liffe 5, fivrais, er al. Amociation herween fraiky and qualiny
of lite among mmmuniry-dwelling older penple: a systemaric review and
men-analysis. | Epidemiol Community Heakh 2016:70:716-21,

|9 Socks |, Vakds AM. Efiec of distary omega-3 fany add supplemenia-
tionan fraily-related phenntypes in older adults: 2 system atic raview and
meta-analysis protoaml, EM] Open 2)15 Bell 1344

[10f Collard BM, Boter H, Schoevers BA, et al Prevalece of fraiky in
community-dwelling older persons: 2 sysematic review. | Am (eriam
Soc A L6k 1487-91

[11] Knjima (3. Prevalence of fraily in mursing homes: a systematic review and
mem-anahysis | Am Med Dir Assoc 200 5;16:940-5,

[12] Kim -0y, Lee K-R. Freventive sffec of procein-energy supplementarion
an the fimcrional dedine of frail alder aduls with low socinemnomic
statux a @mmunity-based randomized controlled smdy. | Gerontal &
Biol 5c Med 5d 201368 309-14,

[13] Lorenm-Loper I, Maseda A, de Labra ©, eral Nutrirional detsrminans
of frailty in older adulss: 2 sysrematic raview. BMC Gariatr 20071 7: 108

[14] Shamseer L, Moher I, Clarke ML et 2l Preferred reporting iems for
systematc review and meta-analysis protocols (PREMA-P) X%
elaboration and explanation. EM] 201 5:34%g7647.

|15] Higgins JPT, Altman DMz, (ramsche B et al The Cochrane
Collahoration’s mol for amesing risk of biss in randomised triak
BEM] 201 1334345928,

[186] CryaorCrH, Oheman AD, Vist GE, etal (rRADE: an emerging consensus
on ratng qualiy of evidene and srengrh of recomm endations. BM]
2003 34 9244,

[17] Cadore EL, RodriguezMafias 1, Sinclair & = al Effecs of diteren:
exprcise inervemsions on risk of falls, gair abiliy, and balance in
physically frail older adults: a sysemaric review. Rswvemation Res
2N 3:16:105-14.

[18] Danieks K, van Eossum E, de Wit L = al Inerventions in prevent
disa hiliry in frail mmmuniry-dwelling dderhy: a sysremadc review. BMO
Health Serv Res 200088278,

[19] de Vries NM, van Ravensherg (T, Hobhelm JSM, e al. Effects of
physical exercise therapy on mobility, physical funcdoning, physical
activiy and quality of i in @mmuniry-dwelling older aduks with
impaired mohility, physical disabiline andfor muld morhidin: 2 meta-
analysis. Ageing Res Rev 2013 11:1 3649,

[20] GinéGarriga M, Roqué-Fignks M, Coll-Planas L, et al. Physical exercise
intrvendons for improving performance-hased measures of physical
funcrion in community dweling, frail older adules: a sysematic review
and metz-analysis. Arch Phys Med Rehabil 2004857 53-48923.

[21] Ghmmbson 5 Edberg A-K, Johansson B, &t al Muld-mvmpanent health
promation and disease prevention for mmmunity-dwelling frail elderly
persons: a systematic review. Eur | Ageing 20631 5.

|27] Lee P-H, Lee Y8, Chan D-C. Interventions rargeting geriawic fraiky: a
systemic reaview. | Clin (rerontol (eriatrm 2012;3:47-52.

87



IErra‘tum ..............................................

Nutritional interventions for the treatment of
frailty in older adults: a systematic review
protocol: Erratum

In the article, “Nutritional interventions for the treatment of frailty in the older adults a systematic review protocol ™, which appeared
in Volume 97 Issue 52 of Medicine, there was a publisher error in which additional comments were added to the paper’s abstract
conclusion section.

The abstract’s conclusion should read: “In this systematic review protocol we outline the details of the aims and methods of a
systematic review on the effectiveness of nutritional interventions for the management of frailty in older adules living in the community
or in long-term care facilities.”

In addition, the word “specifically™ was misplaced in the discussion section. The discussion section should read: “Nutrition plays an
important role within the multifactorial susceptibility of this syndrome; however, up to the present no systematic review specifically
addressed the effectiveness of nutritional interventions for the treatment of frailey. The systematic reviews identified in the literature on
this topic emphasize interventions related to physical activity without any particular focus to nutritional interventions, which were
generally analyzed briefly and in a secondary manner.™'%!7"220»

Finally, the full affiliation of Mariana Bordinhon de Moraes and Carolina Fumico Massuda Araujo should read: Department of
Public Health, Sio Paulo State University (UNESP), Botucatu Medical School, SP, Brazil.
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