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Abstract: Several systematic review studies highlight exercise’s positive impact on brain health out-
comes for frail individuals. This study adopts a Comprehensive Review of reviews (CRs) approach to
amalgamate data from existing reviews, focusing on exercise’s influence on brain health outcomes in
older frail and pre-frail adults. The methodology involves a thorough search of Portuguese, Spanish,
and English-indexed databases (i.e., Ebsco Health, Scielo, ERIC, LILACS, Medline, Web of Science,
SportDiscus) from 1990 to 2022, with the AMSTAR-2 tool assessing evidence robustness. The search
terms “physical exercise”, “elderly frail”, and “systematic review” were employed. Results: Out of
12 systematically reviewed studies, four presented high-quality (with metanalyses), while eight exhibit
critically low quality. Positive trends emerge in specific cognitive and neuromotor aspects, yet challenges
persist in psychosocial domains, complex cognitive tasks, and ADL outcomes. This study yields reason-
able and promising evidence regarding exercise’s influence on quality of life and depression in frail older
individuals. However, the impact on biochemical markers remains inconclusive, emphasizing the need
for standardized methodologies. Conclusions: The findings highlight the importance of acknowledging
methodological nuances for clinicians and policymakers when translating these results into impactful
interventions for aging populations. This emphasizes the necessity for a comprehensive and customized
approach to exercise interventions aimed at fostering the sustainability of overall well-being in older
individuals, aligning with United Nations Sustainable Development Goal 3.

Keywords: quality of evidence; pre-frail; dementia; emotional well-being; multicomponent exercise;
muscle strength; sustainability development goals
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1. Introduction

In the ever-evolving landscape of aging and health, the complex relationship between
physical well-being and cognitive vitality has become a focal point for researchers and
practitioners [1]. Within the context of advancing age, the preservation of brain health takes
on heightened significance, particularly in the domain of frailty [2]. This exploration delves
into the hypothesis of exercise-induced health-related positive changes, aiming to elucidate
their profound impact on sustaining brain health domains among older populations.

Contemporary perspectives on frailty view it as a holistic syndrome intertwined with
environmental, psychosocial, and behavioral factors, collectively contributing to premature
frailty onset [3,4]. The assessment of frailty syndrome (FS) has evolved to encompass
a spectrum of tools, ranging from one-dimensional to multidimensional measures [5],
including physical [6,7], psychometric [8,9], and multi-methods [10]. The emergence of
“overlapping syndromes” and correlations associated with FS has brought attention to
subgroups [11–16], such as cognitive frailty, marked by concurrent physical frailty and
potentially reversible cognitive impairment [17,18].

The intersection of brain health and FS has garnered considerable attention, revealing
the intricate interplay among cognitive, sensory, social-emotional, behavioral, and neu-
romotor domains [19,20]. As per the World Health Organization (WHO), brain health
is defined by indicators reflecting the dynamic status of various domains within older
individuals [19]. This connection has unveiled links between frailty and brain health,
emphasizing the reciprocal influence between these vital aspects of aging [21–25].

Given the varied approaches to frailty syndrome (FS) assessment, there is a consensus
that a sedentary lifestyle significantly contributes to its development [26]. In recent years,
exercise interventions have been shown to reduce stress, anxiety, and the risk of neurobio-
logical and psychological disorders, all closely associated with FS [27–30]. Exercise-based
interventions offer promise for addressing FS [31], presenting opportunities for biopsycho-
logical modulation with positive effects on several factors linked to FS [32]. Consequently,
research on frail older individuals has expanded its focus to encompass neurocognitive,
psychosocial, and behavioral dimensions alongside specific FS variables [33].

While several systematic reviews (SRs) have examined the impact of exercise inter-
ventions on brain health-related frailty outcomes [34], a comprehensive review of SRs
(CRs) becomes imperative to synthesize this wealth of information [35]. A CRs offers a
logical progression, providing a comparative analysis of individual reviews to furnish
decision-makers with a unified evidence base [36]. Recent examinations underscore the
invaluable role of CRs in several aspects, including the effects of exercise on cancer, acute
low back pain, depression, dementia and hemophilia [37–42]. Notably, a scarcity of CRs is
evident in the context of exercise interventions for frailty [43].

This CRs was designed to provide a panoramic understanding of the evidence landscape
in the specific paradigm of exercise-induced positive changes in brain health outcomes. Unlike
conventional methodologies [44], our inclusive approach aims to offer valuable insights into
overall trends, gaps, and consistencies across multiple SRs. This strategy aligns with the
study’s goal of synthesizing a comprehensive body of evidence, contributing to a more
robust understanding of the research landscape. It seeks to identify primary types of exercise
interventions, evaluate their efficacy, and highlight extensively researched variables related to
brain health in this context. Recognizing that evidence may vary for different indicators of
brain health, it aims for a more objective understanding of these aspects.

In an exploratory manner, this article also delves into elements related to the sustain-
ability of exercise interventions on brain health outcomes, aligning with the United Nations
Sustainable Development Goals (SDGs). The relationships between physical exercise, brain
health, and sustainability are examined based on variables inherent to the conduct of
physical exercise programs, such as study design, program duration, intensity, frequency,
and stability of positive results. This exploratory dimension adds a critical perspective to
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the broader discourse on the long-term impact and viability of exercise interventions in
promoting brain health among older individuals.

2. Method

The methodology employed in conducting these CRs is rooted in the approach out-
lined by Smith and colleagues [36]. This method is designed to assess and amalgamate
research outcomes from numerous SRs papers into a cohesive document. Its objective is
to systematically compare and contrast diverse findings, providing clinicians and policy
decision-makers with relevant scientific evidence. The primary areas of focus include
literature sourcing and searching, review selection, quality appraisal, result presentation,
and outlining practical research implications.

2.1. Search Strategy

This study adhered to a predetermined and publicly available protocol documented
in PROSPERO 2022 under registration number CRD42018088782 [45]. The search pro-
cess was conducted in English across an array of databases: Ebsco, Ebsco Health, Scielo,
ERIC, LILACS, Medline (PubMed), Web of Science, SportDiscus, and the Joanna Briggs
Institute Database. The online remote-control system of the University of Coimbra was
accessed [46]. The data collection occurred between December 2021 and February 2022,
using the advanced meta-search feature to identify relevant reviews and meta-analyses
published between 1990 (the year of the first works in the frailty field) and 2022. To enhance
the precision of the search, Medical Subject Headings (MeSH) indexed descriptors [47], as
presented in Table 1, along with corresponding terms, were identified and incorporated
into the search strategy.

Table 1. Summary of adopted descriptors for meta-data search.

Physical Exercise

. . . OR exercise or exercise training OR exercise therapy OR aerobic exercise or aerobic training OR circuit-based exercises OR circuit
training OR muscle strength exercises OR muscle strength training or resistance training OR Weight-Lifting exercise program OR
muscle stretching exercises OR balance exercises OR flexibility exercises OR multimodal exercise OR multicomponent exercise or

combined exercise OR physical activity OR physical fitness programs AND . . .

Elderly-Frail

. . . OR frail elders OR frail older adults OR frail older populations OR frailty syndrome OR frailty phenotype OR physical frailty
OR frailty outcomes OR frailty status OR frailty state AND . . .

Systematic review

. . . OR review OR metanalysis.

2.2. Inclusion Criteria

The search process adhered to the PICOTS (Patient, Intervention, Comparison, Out-
come, Time, Study Design/Settings) framework to guide its trajectory [48,49]. Table 2
presents an overview of the key concepts used to guide the meta-search according to the
PICOTS guidelines. Our research group has employed this practice to enhance the search
accuracy and the reader’s understanding of the core topics of the SRs. In general, this study
encompassed SRs that included participants of both genders, aged 60 years and above,
classified as pre-frail or frail, residing in community settings or 24 h healthcare and social
support centers. Categorization was executed employing robust and statistically validated
frailty protocols [5,50,51].

The “intervention” concept encompassed several methods of supervised group-based
physical exercise interventions. This encompassed classic modalities like resistance training,
muscle strengthening, and flexibility exercises, alongside contemporary approaches like
yoga, Pilates, and multicomponent and/or chair-based exercise programs. Relevant details
regarding the average intervention duration and frequency were documented.



Healthcare 2023, 11, 3160 4 of 18

The analysis incorporated “comparison or control conditions”, encompassing sys-
tematic reviews (SRs) that included both randomized (RCTs) and non-randomized trials,
with and without control groups. The assessment of outcomes spanned a comprehensive
range of brain health domains, aligning with the conceptual framework proposed by the
WHO. [19]. These included psychosocial aspects, psychological well-being, quality of life,
cognitive capacities, sleep behaviour, and neurological as well as neuromotor functions.

“Timing” pertains to the nuanced consideration of the duration, frequency, and tem-
poral aspects of interventions or exposures under study. It involves precisely specifying
the timeframes during which interventions or exposures are administered and assessing
their potential short-term and long-term effects. “Settings” encompass the diverse environ-
ments or contexts in which interventions, exposures, or measurements occur. This includes
factors such as geographical locations, healthcare facilities, community settings, or virtual
platforms where the study is conducted [48].

Table 2. The main concepts used to guide the meta-search according to the PICOTS statement.

Acronym Information Concepts

P Pre-frail and frail older adults Adopted an operationalized definition of frailty or standardized criteria to
measure frailty previously reported

I Physical exercise interventions
Planed, repetitive, and structured body movement conducted to improve one or

more components of physical fitness (i.e., muscle strength and resistance;
flexibility; body composition)

C Controls or groups of comparison Without a specific treatment and/or involving isolated or combined physical
exercise interventions

O Brain Health
Indicators on the changing state of the psychosocial, neurocognitive,

sensory-motor, social-emotional, sleep, and socio-behavioral domains of an
older individual, group of people, or population

T Time for different types
of interventions

Refers to the temporal aspects of exercise interventions, encompassing the
duration, frequency, and timing of exercise sessions. It involves specifying how

long each exercise session lasts and how often sessions are conducted

S
Community settings or

24 h healthcare and social
support centres

Eencompass the environments, contexts, and conditions in which exercise
interventions occur. This involves identifying where exercise sessions take place,

such as fitness centers, home settings, outdoor locations, or clinical facilities

2.3. Exclusion Criteria

The following criteria were applied for excluding SR articles from this CR: (i) stud-
ies that primarily focused on older patients residing in acute care and hospital settings;
(ii) articles that did not present any assessment of brain health outcomes non-adherence to
established validity criteria to the operationalized definition for frailty screening;
(i.e., psychological, neuromotor, cognitive); (iii) non-specific target on frail populations;
(iv) exercise interventions that were not supervised and lacked a group-based approach;
(v) therapeutic interventions or other similar group therapies, not characterized as supervised
physical exercise programs with a group-based approach; (vi) multifactorial interventions
such as nutritional, pharmacological agents, and others; (vii) non-adherence to established
validity criteria or utilization of an operationalized definition for frailty screening.

2.4. Screening of the Quality of Evidence

The robustness of the evidence presented in each article was evaluated using the
AMSTAR-2 (A Measurement Tool to Assess Systematic Reviews) [52]. The AMSTAR-2
is a validated instrument designed to assess the quality of the best available evidence
within SRs [36]. Through an online calculator, this tool evaluates 16 distinct elements and
generates a comprehensive outcome based on both quantitative scoring (ranging from
0 to 16 points) and qualitative classification (ranging from critical, low, moderate, to high
quality). Given its relevance in delving into the methodology and quality of systematic re-
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views, AMSTAR-2 serves as a means to mitigate potential errors and biases [37]. Each paper
considered during the eligibility phase underwent assessment using this tool (for addi-
tional details, refer to: https://amstar.ca/Amstar_Checklist.php, (accessed on 4 May 2023).
Articles were excluded from consideration for critical quality of evidence only when es-
sential details were lacking, such as clarity in reporting, conflicts of interest, insufficient
details in this study design section, and relevance to the research question. This exclusion
was in accordance with the previously outlined method for selecting systematic review
articles [52].

2.5. Data Extraction and Synthesis

The search process and final article selection adhered to the guidelines outlined
in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement [53]. Initial searches were conducted by two distinct researchers, utilizing
a predefined set of keywords. The relevance of articles from the original search was
determined through the following screening stages:

(a) Identification Phase: Titles and abstracts were reviewed, and relevant citations were
saved using specialized software. Duplicate entries were removed during the second
screening phase.

(b) Screening Phase: Full-text reading was performed for articles that passed the identifi-
cation phase. If an article did not align with the inclusion criteria during the advanced
eligibility phase, it was excluded from the study.

(c) Included Phase: Manuscripts that underwent AMSTAR assessment and demonstrated
critical quality evidence were excluded if essential information was missing [52].

(d) Data concerning the impact of interventions on mental health outcomes were extracted
from selected systematic reviews and organized in tabular form. This data were further
supplemented by a narrative synthesis aimed at addressing the review question.

Data extraction from the included SR papers in this CSR involved gathering informa-
tion related to the PICOTS statement and associated details: (i) Basic characteristics of the
included SRs; (ii) Number of studies (k) and participants (n) for each study; (iii) Research
design and intervention types; (iv) Brain health variable categories and the observed impact
of interventions.

2.6. Elements Related to the Sustainability of Exercise Intervention Programs

The assessment of elements related to the sustainability of exercise intervention programs
involves a comprehensive examination of several factors influencing their long-term viability
and impact, as established by previous studies [54–57]. Employing a multi-dimensional ap-
proach, we consider dimensions aligned with the Sustainable Development Goals (SDGs) [58].
The key dimensions included in this assessment comprise: (S1) reporting the percentage of
participant adherence and exercise session frequency (aligned with SDGs 3 and 4); (S2) dis-
cussing the economic viability of the intervention (in line with SDGs 1 and 8); (S3) describing
the potential of the intervention in promoting health equity and inclusivity (corresponding to
SDGs 3, 5, and 10); (S4) fostering behavioral and health modifications (linked to SDGs 3 and 4);
and (S5) describing the potential of the interventions to generate a positive health and social
impact during implementation, associated with SDGs 16 and 17 [59].

3. Results
3.1. Studies Selection

In the identification stage, our initial search identified 995 potentially eligible papers.
Through meticulous screening, we excluded replication articles and studies that did not
align with our intervention criteria based on title and abstract analysis. This refined the
selection to 48 full-text articles, which underwent rigorous analysis in the screening stage.
Applying our core eligibility criteria, 35 papers advanced to the eligibility phase. From this
stage, a careful selection process led to the inclusion of 12 SRs papers in our CRs synthesis,
as illustrated in Figure 1.

https://amstar.ca/Amstar_Checklist.php
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Figure 1. Flow diagram of study selection according to PRISMA guidelines [53].

3.2. Quality of Evidence

In the methodical assessment of evidence quality utilizing the AMSTAR-2 checklist, the
included studies exhibited variable adherence to methodological benchmarks. The assess-
ment encompassed an analysis of 12 systematically reviewed studies [31,60–70]. Among
these, four studies were identified as exemplifying high-quality standards [62,64,65,69], while
eight studies were categorized as exhibiting critically low quality [31,60,61,63,66–68,70]. Only
four reviews demonstrated high-quality standards, exemplified by rigorous reporting, trans-
parent review protocols, and comprehensive search strategies [62,64,65,69]. These reviews
employed metanalysis techniques, enhancing the synthesis of evidence and contributing to
robust conclusions.

All SRs studies assessed the methodological rigor of the included research, apply-
ing several types of tools such as Jadad [31,60], PRISMA [61], Cochrane [63,64,68,70],
PEDro [62,69], NICE [67], MINOR [66], and Polit and Beck Nursing Studies [65]. Fur-
thermore, a subset of SRs revealed critical shortcomings, particularly in areas such as
transparent reporting, complete review protocol adherence, and comprehensive search
strategies [31,66–68,70]. Among the analyzed studies, the AMSTAR criteria that appeared
to be most susceptible to shortcomings were I.2 (characterization and adherence to the
complete review protocol), I.4 (comprehensive search protocol), I.7 (list of excluded stud-
ies), I.11 (application of a quantitative approach), and I.12 (meta-analysis methodology)
(Table 3).
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Table 3. Outcomes of the AMSTAR-2 checklist of quality assessment and their respective items.

AMSTAR-2 Scale Items

Author/Year I.1 I.2 I.3 I.4 I.5 I.6 I.7 I.8 I.9 I.10 I.11 I.12 I.13 I.14 I.15 I.16 GC

Anthony et al., 2013 [60] Y N Y P N Y P P Y N N N Y Y N N CL
Caldo-Silva et al., 2021 [61] Y Y Y P N Y P P Y N N N Y Y N Y CL

Chou et al., 2012 [62] Y N Y P N Y P P Y N Y Y Y Y N Y H
Clegg et al., 2012 [63] Y N Y P N Y P P Y N Y Y N N N Y CL
Racey et al., 2021 [64] Y Y Y P Y Y P P Y N Y Y Y Y Y Y H

Saragih et al., 2022 [65] Y Y Y P Y Y P P Y N Y Y Y Y Y Y H
Dedeyne et al., 2017 [66] Y Y Y P N Y P P Y N N N Y N N Y CL
Liberman et al., 2017 [67] Y N Y N N N P P Y N N N N N N Y CL

Lopez et al., 2018 [68] Y N Y P Y Y P P Y N N N N Y N Y CL
Rossi et al., 2021 [69] Y Y Y P Y Y P P Y N Y Y Y Y Y Y H
Theou et al., 2011 [31] Y N Y P Y Y P P Y N N N N Y N Y CL

Weening et al., 2011 [70] Y N Y P N N P P Y N N N N Y N Y CL

Notes: I.1: Research questions following PICOTS; I.2: Explicit establishment of the SRs protocol; I.3: Inclusion of a
thorough and SR search; I.4: Appropriate technique to appraise the scientific quality of studies; I.5: Use of suitable
methods for combining study findings; I.6: Evaluation of publication bias; I.7: Scientific quality in formulating
conclusions; I.8: Appropriate methods for the statistical combination of results; I.9: Presence of publication bias;
I.10: Methods for the statistical combination of results; I.11: Impact of the risk of bias on SR results; I.12: Assess
the impact of the risk of bias; I.13: Consideration of the impact of funding sources; I.14: Impact of conflicts of
interest, I.15: Satisfactory technique to appraise scientific quality in the SRs conclusion; I.16: Evaluation of the
scientific quality of the SRs conclusion.

3.3. General Characteristics of Included SRs

Table 4 outlines the general characteristics of the selected systematic review (SR) stud-
ies, aligning with the PICOTS framework. The publication years of these SRs spanned
from 2010 to 2022. Notably, the SRs (without metanalysis) focusing on Chair-Based Ex-
ercise (CBE) programs examined only six studies with a participant range of 20 to 82,
aged 70 to 90, residing in long-term care facilities [60]. In contrast, the most recent SRs,
with the highest participant count (n = 8022), explored exercise effects on physical function,
quality of life, and cognition across 23 studies, utilizing meta-analyses for assessment [64].

Table 4. Characteristics of the selected SR studies following the PICOTS statement.

Author
(Year)

Reference

Total and Range of Study
Participants/Settings

Type of Exercise
Interventions Comparison Brain Health

Outcomes

Time of
Intervention

(Range)

Anthony et al.
(2013)
[60]

A total of 251 frail older
adults, 20 to 82 male and

female, ranging in age
from 70 to 99 years old,
lived in community and

health care facilities

Chair-based
exercises versus

non-exercise
(standard care)

controls

Supervised group
classes in facilities and
home-based exercise

(2 to 3 times per week,
45 to 60 min sessions)

Cognitive status,
depression, FOF 6 to 24 weeks

Caldo-Silva
et al. (2021)

[61]

A total of 379 frail older
adults, 60 to 100 male and
female, age ranging from
73 to 86 years old, living

in the community

Multi-component
exercise programs
vs. non-exercising

controls

Supervised group class
(3 to 5 times per week,
45 to 60 min of time)

Biomarkers
related to

neurocognition
(BDNF,

interleukins)

12 to 72 weeks

Chou et al.
(2012)
[62]

A total of 1068 frail older
adults, 10 to 158 male and

female, ranging in age
from 75.3 to 86.8 years old,

lived in the community

Exercise-training,
single or multiple,

including
flexibility,

resistance, aerobics,
coordination,
balance, and
Tai-Chi vs.

non-exercise
controls

Supervision is either
exercised in facilities,
communities, or at
home. 60-to-90-min
sessions, repeated

daily or weekly

HrQoL, FOF,
and ADL

performance
3 to 48 weeks
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Table 4. Cont.

Author
(Year)

Reference

Total and Range of Study
Participants/Settings

Type of Exercise
Interventions Comparison Brain Health

Outcomes

Time of
Intervention

(Range)

Clegg et al.
(2012)
[63]

A total of 987 frail older
adults, 61 to 486 male and

female, ranging in age
from 78 to 88 years old,
lived in the community

Home-based
exercise

interventions

Supervised exercise
3 times per week

HrQoL, ADL
performance 6 to 64 weeks

Racey et al.
(2021)
[64]

A total of 8022 frail older
adults, 280 to 1635 male
and female, aged 69 to

84 years old

Group-based
muscle, aerobic,

and clinical
exercise

interventions

Supervised exercise
1 to 4 times per week

ADL, cognitive
function,

fatigue, HrQoL,
and FOF

6 to 96 weeks

Saragih et al.
(2022)
[65]

A total of 1294 frail older
adults, 9 to 126 male and

female, ranging in age
from 65 to 86 years old,
lived in the community

Muscle-strength
exercises vs.

controls:
non-exercising

Supervision exercise
program in facilities

exercised 45 to
90 min/sessions, 2 to

3 times per week

Depression,
FOF, and ADL
performance,

HrQoL

12 to 98 weeks

Dedeyne et al.
(2017)
[66]

A total of 1202 frail older
adults, 31 to 326 male and

female, ranging in age
from 71-to-83 years old,
lived in the community

Multidomain
modalities: chair
yoga, resistance

training, strength
exercises

Supervise a
group-class exercise
program, varying in
duration from 45 to

90 min/sessions, 2 to
3 times per week x

non-exercising
controls

Psychosocial
and (Health)

behavior
12 to 36 weeks

Liberman et al.
(2017)
[67]

A total of 282 frail older
adults, 15 to 52 male and

female, ranging in age
from 65-to-72 years old,
lived in the community

Muscle-strength,
aerobic, combined,
and body vibration

exercises.

Supervise a
group-class exercise
program, varying in
duration from 30 to

90 min/sessions,
single sessions to

3 times per week x
non-exercising

controls

Pro- and anti-
inflammatory

cytokines,
neurotrophic

factors

6 to 32 weeks

Lopez et al.
(2018)
[68]

A total of 1812 frail older
adults, 23 to 616 male and
female, age ranging from
65-to-? (not refer) years

old, living in community

Resistance and
muscle-strength
training (RMST)

Classic RMST
protocols comprise a
number of sets (1–3),

repetitions (6–15), and
45–90 min by session

Cognition status
of dual tasks 10 to 48 weeks

Rossi et al.
(2021)
[69]

A total of 325 frail older
adults; 22 to 100 male and
female, age ranging from
65-to-84 years old, living

in the community

RMST,
multicomponent,

high-speed
resistance exercise
vs. non-exercising

controls

Supervision of a group
class exercise program,

varying in duration
from 40 to 90

min/sessions, single
sessions 1 to 3 times

per week

Cognitive
functions 12 to 24 weeks

Theou et al.
(2011)
[31]

A total of 325 frail older
adults; 13 to 188 male and
female, age ranging from
65-to-84 years old, living

in community and
home cares

Multicomponent
training program

Supervised group
class exercise, a

frequency of 2–3 times
per week, 30 to

90 min of time session

Neurological,
psychosocial,
HrQoL, and

ADL
performance

4 to 72 weeks
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Table 4. Cont.

Author
(Year)

Reference

Total and Range of Study
Participants/Settings

Type of Exercise
Interventions Comparison Brain Health

Outcomes

Time of
Intervention

(Range)

Weening et al.
(2011)
[70]

A total of 325 frail older
adults, 20 to 981 male and
female, age ranging from
65-to-84 years old, living

in community

Balance, aerobics,
flexibility, and

strength, combined
with functional

training exercises

Supervised group
class exercise, a

frequency of 2–3 times
per week, 45 to 60 min

of time session

HrQoL 4 to 72 weeks

Notes: HrQoL = Health Related Quality of Life; ADL = Activities of daily life; FOF = Fear of falling;
RMST = Resistance and Muscle-strength training.

Concerning the criteria utilized for sample selection and frailty assessment protocols, a
variety of criteria were employed in the selected studies. However, it is explicitly mentioned
that articles were chosen based on scientifically valid criteria, with Fried’s physical frailty
protocol being the predominant choice across the diverse articles [71].

In the selected SR articles, specific exercise types were adopted as inclusion criteria
for some studies. These reviews provided detailed descriptions of interventions, including
CBE [60], Home-Based Exercise [63], Multicomponent Exercise [31,61], Muscle strength [68],
Resistance Training with Elastic Bands [65], and several exercise approaches [62,64,66,67,69,70].

In terms of intervention duration, the SR with the shortest duration covered studies
spanning 1 to 24 weeks [65], while the SRs with the longest durations included studies
with intervals ranging from 4 to 72 weeks [31]. The number of articles included in each
SR varied from six [63] to 47 articles [31]. In general, the SRs presented findings in both
qualitative (without metanalysis) and quantitative formats (with metanalysis), offering a
comprehensive exploration of diverse exercise interventions.

3.4. Excluded SR Studies

In the eligibility phase, 23 out of the initial 35 SRs were excluded based on prede-
fined criteria for this comprehensive review. Some SR has expanded its focus to include
therapeutic interventions beyond exercise, such as nutritional and pharmacological ap-
proaches [72,73]. Other articles met most criteria but lacked a comprehensive assessment
of certain dimensions related to the concept of brain health [74–81]. Specific reviews inves-
tigated the combined impact of various exercise modalities [82,83], while one specifically
explored physical activity level indicators [84]. Several reviews summarized data on exer-
cise’s influence on brain health indicators, but some incorporated alternative interventions
or did not specifically target frail older populations [77,85]. Additionally, some reviews
provided concise information on the impact of exercise on older individuals with neurocog-
nitive disorders without specifying whether the study participants were frail [86–90].

3.5. Emerging Brain Health Outcomes

This study aimed to discern the critical indicators assessed in the chosen review arti-
cles and, amidst the diverse information presented, evaluate the extent to which physical
exercise positively influences these variables. Following this study selection, the identified
indicators underwent a categorization process, leading to the following dimensions of anal-
ysis: Cognitive status, Psychosocial status and (Health) behavior, Health-related Quality of
life, Fear of falling, disability and activities of daily life, and Biochemical markers related to
cognition and the neuroendocrine system.

3.5.1. Cognitive Status

In the Antony et al. SRs [60], four papers examined mental health, all reporting no neg-
ative changes. Two studies utilizing the Mini-Mental State Examination (MMSE) showed
significant cognitive improvements at 6 and 12 weeks. In Rossi et al. SRs [69], several
cognitive aspects were assessed. Fifteen other cognitive tests demonstrated significant
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variability in assessment tools. Four studies reported positive exercise effects on processing
speed, executive function, and working memory. However, discrepancies were noted in
global cognitive improvement, and the Trail Making Test Form A exhibited no significant
changes, while the exercise group showed superior performance in Form B.

In Theou et al. SRs [31], neurological function was evaluated by visual stimulus
reaction time, auditory stimulus reaction time, coordination, and peripheral sensation. Pos-
itive effects were observed in three out of eight cases, including improved visual stimulus
reaction time, coordination, and auditory stimulus reaction time. However, no significant
impact on peripheral sensation was noted. Cognitive function, assessed using the MMSE
in three studies, showed improvement in only one study due to exercise intervention. In
Lopez et al. SRs [68], one study evaluated Timed Up and Go test performance with a dual
task, showing a significant improvement after 12 weeks of intervention.

3.5.2. Psychosocial Status and (Health) Behavior

In the Antony et al. SRs [60], depression levels were assessed using the Hospital
Anxiety and Depression Scale, with one study reporting reduced depression levels at
three- and six-months post-exercise intervention. Another study within Antony et al.
utilized the Beck Depression Inventory, showing decreased depression levels in both control
and exercise groups with no statistically significant differences between them. Dedeyne
et al.’s SR study found inconsistent effects on social behavior and depression after exercise
intervention in frail individuals [66].

The Saragih et al. SRs reported pooled values from five studies, indicating a significant
difference in depression symptoms between the exercise intervention and control groups
at 12 and 24 weeks [65]. Finally, Theou et al. SRs also presented several psychosocial
state outcomes, indicating positive effects on reducing tiredness related to mobility issues,
behavioral problems, safety scores, and self-efficacy and satisfaction with exercise [31].
However, exercise did not significantly impact emotional status, social involvement, or
the health belief model. Similar to the findings in Saragih et al.’s SRs, a review conducted
by Racey et al. identified low evidence regarding the effects of exercise on self-perceived
fatigue [64].

3.5.3. Health-Related Quality of Life

In the Chou SRs, exercise’s impact on HrQoL was explored, and a positive trend
was observed in the scores in the mental health component of HrQoL [62]. The Clegg
SRs reported only one trial showing an improvement in HrQoL assessed through the
EQ5D questionnaire [63]. Saragih et al. found no significant difference in HrQoL between
intervention and control groups at 24 weeks across three studies [65]. In Theou et al. SRs,
ten studies using various questionnaires, including SF-36, showed exercise interventions
improving quality of life in four instances [31]. In Weening-Dijksterhuis’s et al. SRs, two
high-quality studies were identified, suggesting a limited impact on depression but varied
effects on perceived health and psychosocial function [70]. On the other hand, Racey et al.
SRs classified the final selected studies as having low evidence concerning the effects of
exercise on HrQoL outcomes [64].

3.5.4. Fear of Falling, Disability, and Activities of Daily Life

In the Antony et al. SRs, fear of falling (FOF) was assessed, but specific levels of
change were not reported [60]. The Dedeyne SRs indicated inconsistent effects on FOF
following exercise interventions in frail individuals [66]. The Chou SRs explored the
impact of exercise on Activities of Daily Living (ADLs) through three trials, revealing that
the exercise group exhibited significantly improved ADL performance compared to the
control group [62]. However, the Clegg SRs, examining interventions on ADL across four
trials [60], reported improvements in ADL in only one trial, with the remaining three trials
not showing significant enhancements [63]. The Saragih SRs involved five studies assessing
interventions’ impact on ADL and concluded that there was no significant difference in



Healthcare 2023, 11, 3160 11 of 18

ADL between the intervention and control groups [65]. On the contrary, Theou et al. SRs
demonstrated that exercise interventions significantly improved the ADLs, mobility, and
disability, assessing these dimensions using different scales based on the evaluation of
approximately 20 studies [31].

3.5.5. Biochemical Markers Related to the Neuroendocrine System

The Caldo-Silva SRs included studies that complain about several biochemical mark-
ers related to mental health and frailty. These markers included parameters such as
glycemia, insulin levels, total cholesterol, triglycerides, High-Density Lipoprotein, Low-
Density Lipoprotein, C-Reactive Protein, Vitamin D3, cytokines interleukins (IL) of IL-6,
IL-10, IL-1a, IL-1RAcP, Myostatin, Cortisol, Testosterone, Dehydroepiandrosterone, and
the Testosterone/Cortisol ratio [61]. However, given the limited number of studies and the
diversity of markers examined, the evidence supporting the benefits may be considered
very low. In the SRs conducted by Liberman et al., after a different type of exercise train-
ing intervention, there were moderate-to-large improvements in inflammatory markers,
including increased Brain-Derived Neurotrophic Factor, Insulin-Like Growth Factor 1, and
growth hormone [67].

3.6. Sustainability Key Elements

All included studies met criterion S1, yet there was inconsistency in reporting partici-
pant adherence and exercise frequency across studies. Some provided detailed information
on adherence rates, while others lacked comprehensive reporting. Regarding criterion
S2, discussions on the economic viability of implementing these types of interventions
were generally sparse in the reviewed studies. An exception was Rossi et al. [69], which
introduced the impact of public health costs associated with frail conditions. All studies
analyzed participants of both genders, but none presented or discussed meta-analysis
by gender or the feasibility of implementing this type of intervention for everyone. Con-
cerning criterion S4, varied approaches to fostering behavioral and health modifications
were observed, with some studies emphasizing behavioral change strategies more than
others. In relation to criterion S5, the potential for interventions to generate positive health
and social impacts was inconsistently addressed. Some studies discussed broader societal
implications, but overall, this dimension received less attention.

4. Discussion
4.1. Quality of Evidence and Methodological Rigor

The comprehensive assessment of the systematically reviewed studies revealed a
nuanced landscape regarding the quality of the evidence. Among the 12 studies scrutinized
through the AMSTAR-2 checklist, the distribution was diverse, with only four studies
exemplifying high-quality standards, while nine studies were categorized as exhibiting
critically low quality. The incorporation of metanalysis techniques in four high-quality
systematic reviews provided a quantitative dimension to the evidence synthesis.

While this SR represents a valuable alternative to traditional meta-analyses for syn-
thesizing evidence [91], it is essential to acknowledge the inherent limitations associated
with the narrative synthesis method employed. Noteworthy concerns have been identified
in reviews utilizing “narrative synthesis”, raising questions about the robustness of their
findings. Chief among these concerns is the often-insufficient description of the methods
employed, leading to ambiguity in understanding the synthesis process. Additionally,
there may be unclear links between the included data, the synthesis conducted, and the
ultimate conclusions drawn. Considering that the NPT (Normalization Process Theory)
focuses on evaluating and guiding implementation within RCTs across a range of health
and social care areas [92], using it in SRs may improve the way results are presented.

In the evaluation of the surveyed SRs, despite overall adherence to methodological
quality benchmarks, critical focal points for improvement were identified. Deficiencies
were specifically noted in fulfilling criteria I.2, I.4, I.7, I.11, and I.12 of the AMSTAR-2 check-
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list [93]. Criterion I.2 highlighted the need for more detailed and transparent reporting of
the complete SRs protocol. Partial compliance was observed for criteria I.4 and I.7, empha-
sizing the necessity of providing a list of excluded studies. This points to the importance of
a meticulous and extensive search strategy to minimize bias. Instances of non-compliance
with items I.11 and I.12 underscored the need for a more standardized application of a
quantitative approach and/or meta-analysis methodology. Similar challenges have been
identified in other CRs focusing on physical exercise interventions [94,95].

The multitude of criteria employed for methodological rigor assessment signifies a
robust approach [96]. However, this diversity, while reflecting a commitment to established
standards, raises concerns about the specificity of these criteria for evaluating studies
involving physical exercise interventions. The broad applicability of these criteria may com-
promise the precision required for assessing the unique nuances of exercise interventions,
potentially impacting the selection and interpretation of studies in the SRs. In this sense,
the emergence of reliable tools specific to exercise scientists is a critical development, such
as the TESTEX scale, which contributes significantly to advancing evidence synthesis in
this domain [97]. Its sensitivity allows for a more nuanced and comprehensive evaluation
of exercise training trials, effectively addressing potential limitations associated with the
use of diverse criteria.

4.2. Emerging Brain Health Outcomes

While the exploration of exercise interventions in the context of cognitive status reveals
promising trends, it is crucial to temper our enthusiasm with a critical assessment of the
evidence base. The current state of evidence, primarily assessed through the number of
studies, suggests a low level of confidence in asserting the unequivocal impact of exercise
on cognitive skills. This cautious interpretation aligns with the inherent challenges posed
by the heterogeneity in study designs, assessment tools, and outcome measures across SRs.

In contrast to the overall positive narrative in certain SRs, notably Racey et al. with
meta-analysis [64], the combined evidence unfolds as a mosaic of findings. A key highlight
emerges in the form of a moderate trend indicating improvements in simple neuromotor
tasks. However, a nuanced complexity arises when scrutinizing the impact on complex
motor tasks and other specific areas of cognition, revealing no significant improvements
based on the available evidence.

The examination of psychosocial outcomes, including depression levels, yielded
mixed but generally positive results. Antony et al. reported reduced depression levels
post-exercise [60], aligning with a metanalysis of Saragih et al.’s findings of a significant
difference in depression symptoms between exercise and control groups [65]. Notably,
some inconsistencies were observed, emphasizing the need for further exploration of
exercise’s impact on social behavior and emotional status. The low evidence regarding
self-perceived fatigue, as identified by Racey et al., suggests a gap in understanding the
holistic psychosocial effects of exercise on frail individuals. Contrary to frail individuals,
the patterns of depression, a well-explored aspect of psychosocial well-being [27], are
clearer and more established in non-frail populations.

Exercise interventions reduce FOF and ADLs demonstrated mixed outcomes. A poor
number of trials included in studies conduct by Clegg et al. SRs [63], the inconsistent
results showed in the Antony et al. and Dedeyne et al. SRs [60,66], and ambiguous results
presented in the Theou SRs [31], suggests promising potential for exercise interventions,
but it shows very low evidence. In this sense, the varied impact on FOF, and ADLs suggests
that tailored exercise interventions, considering individual frailty profiles, may yield more
consistent positive outcomes. In addition, the ability of exercise to improve the execution
of everyday tasks is a neurocognitive paradigm [98], and evidence of the exercise-effect on
these indicators is limited in frail older individuals.

The study underscored the importance of immune/inflammatory dysfunction as a
central component of frailty, emphasizing its intricate interplay with neuroendocrine dam-
age [99]. Despite numerous studies demonstrating beneficial effects, the evidence regarding
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the impact of exercise on these markers remains low. The challenge lies in the diverse
array of markers investigated under different systems, hindering the transition toward
more robust meta-analyses. The high variability in markers across studies complicates the
establishment of a cohesive body of evidence [100], making it difficult to draw firm conclu-
sions and emphasizing the need for standardized approaches in exploring the relationship
between exercise and neuroendocrine markers.

4.3. Sustainability of Exercise Intervention

The examination of sustainability criteria S1 to S5 across the reviewed studies sheds
light on both consistency and disparity in reporting practices and considerations. The
general results of the analysis of sustainability criteria highlight the need for standardization
in reporting practices, economic considerations, and the broader societal impact of exercise
interventions for brain health in older populations.

This reporting discrepancy raises significant concerns, given the central role exercise
participation-related variables play in ensuring the sustainability of exercise and physical
activity programs, aligning with the SDGs [55]. The importance of this dual impact resonates
strongly with the SDGs, particularly those concerning health and well-being [101,102]. Recog-
nizing the potential of exercise in promoting sustainable mental health aligns with the broader
framework of achieving a sustainable future by focusing on holistic health outcomes.

In a rapidly aging world, comprehending the intricate interplay between physical
health, the brain, and the sustainability of exercise programs is crucial. This understanding
not only impacts individual well-being but also influences public health policies [103].
Thus, meticulous detailing of these variables in the next original studies or in SRs is crucial,
forming the foundation for SRs to provide comprehensive insights into the effectiveness
and long-term viability of exercise interventions for older adults with frailty and pre-frailty.

4.4. Strengths and Limitations

A major strength lies in the thorough analysis of diverse systematic reviews, allowing
for a comprehensive exploration of cognitive, psychosocial, and biochemical dimensions.
The inclusion of an exploratory sustainability analysis adds a contemporary perspective,
addressing the long-term viability and impact of exercise interventions. However, the
study grapples with challenges stemming from the heterogeneity in review methodologies,
potentially affecting the overall reliability. The varied outcome measures across reviews
pose difficulties in cohesive interpretation. The limited availability of meta-analyses con-
strains a quantitative assessment of overall effect sizes. The study’s robustness relies on the
quality of primary studies within the reviews, introducing variability in evidence strength.
Despite these challenges, the synthesis navigates through a mosaic of findings, highlighting
a reasonable trend in improving simple neuromotor tasks, depression, and quality of life
and shedding light on the complex relationship between exercise and brain health.

4.5. Future Directions and Practical Implications

Addressing methodological heterogeneity among systematic reviews is vital for a
cohesive evidence base. Future research should prioritize meta-analyses, adopt consistent
outcome measures, and explore the temporal aspects of exercise interventions for sustained
brain health effects. The practical implications extend to healthcare practitioners, empha-
sizing the multifaceted impact of exercise on cognitive, psychosocial, and biochemical
domains when designing interventions for older individuals. Integrating sustainable prac-
tices aligns with the SDG 3, promoting holistic well-being in aging populations. However,
limitations in methodological nuances require caution in translating results into real-world
clinical decisions and policy formulations, influencing the application of evidence-based
interventions and healthcare investments. Recognizing these limitations is crucial for
clinicians and policymakers shaping health-related guidelines.
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5. Conclusions

This systematic review of reviews highlights nuanced findings on exercise interventions
for older individuals. While positive trends emerge for certain cognitive and neuromotor
aspects, difficulties arise in psychosocial, complex cognitive tasks, and ADL outcomes. The
results reveal moderate and promising evidence regarding the impact of exercise on quality of
life and depression among older individuals. The impact on biochemical markers remains
inconclusive, emphasizing the need for standardized methodologies. The exploration of
the interplay between responses and SDGs in the context of physical activity is relatively
promising. Consequently, this investigation into this aspect aims to serve as a catalyst, alerting
scholars to the potential of integrating this paradigm into future research endeavors. Practical
implications underscore the importance of multifaceted exercise programs aligned with the
SDGs. Acknowledging methodological nuances is crucial for clinicians and policymakers to
translate findings into impactful interventions for aging populations.
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55. Jovanović, B.K.; Smrdu, M.; Holnthaner, R.; Kajtna, T. Elite Sport and Sustainable Psychological Well-Being. Sustainability
2022, 14, 2705. [CrossRef]

56. Bjørnarå, H.B.; Torstveit, M.K.; Stea, T.H.; Bere, E. Is There Such a Thing as Sustainable Physical Activity? Scand. J. Med. Sci. Sports
2017, 27, 366–372. [CrossRef]

57. Lai, B.; Kim, Y.; Wilroy, J.; Bickel, C.S.; Rimmer, J.H.; Motl, R.W. Sustainability of Exercise Intervention Outcomes among People
with Disabilities: A Secondary Review. Disabil. Rehabil. 2019, 41, 1584–1595. [CrossRef]

58. Bauman, A.E.; Reis, R.S.; Sallis, J.F.; Wells, J.C.; Loos, R.J.F.; Martin, B.W.; Alkandari, J.R.; Andersen, L.B.; Blair, S.N.; Brownson,
R.C.; et al. Correlates of Physical Activity: Why Are Some People Physically Active and Others Not? Lancet 2012, 380, 258–271.
[CrossRef] [PubMed]

59. Topal, H.F.; Hunt, D.V.L.; Rogers, C.D.F. Exploring Urban Sustainability Understanding and Behaviour: A Systematic Review
towards a Conceptual Framework. Sustainability 2021, 13, 1139. [CrossRef]

60. Anthony, K.; Robinson, K.; Logan, P.; Gordon, A.L.; Harwood, R.H.; Masud, T. Chair-Based Exercises for Frail Older People:
A Systematic Review. BioMed Res. Int. 2013, 2013, 309506. [CrossRef]

61. Caldo-Silva, A.; Furtado, G.E.; Bachi, A.L.L.; Barros, M.P.; Zanchi, N.E.; Massart, A.; Teixeira, A.M. Evidence-Based Effects of
Multicomponent Exercise Training on Biomarkers Related to Frailty in Older Persons: A Systematic Review. J. Phys. Educ. Sport.
2021, 21, 2219–2227. [CrossRef]

62. Chou, C.-H.; Hwang, C.-L.; Wu, Y.-T. Effect of Exercise on Physical Function, Daily Living Activities, and Quality of Life in the
Frail Older Adults: A Meta-Analysis. Arch. Phys. Med. Rehabil. 2012, 93, 237–244. [CrossRef]

https://doi.org/10.1186/s12966-017-0510-2
https://doi.org/10.1080/0284186X.2021.1962543
https://doi.org/10.1186/s13643-020-01412-8
https://doi.org/10.1016/j.psychres.2016.07.028
https://doi.org/10.1111/hae.13868
https://doi.org/10.12997/jla.2023.12.1.3
https://www.ncbi.nlm.nih.gov/pubmed/36761061
https://doi.org/10.2147/CIA.S328432
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018088782
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018088782
https://www.b-on.pt/
https://doi.org/10.1136/amiajnl-2010-000055
https://www.ncbi.nlm.nih.gov/pubmed/21613640
https://doi.org/10.1007/s11606-011-1961-9
https://www.ncbi.nlm.nih.gov/pubmed/22648674
https://doi.org/10.1186/1471-2318-13-64
https://doi.org/10.1016/S1470-2045(12)70259-0
https://doi.org/10.7507/1672-2531.201711005
https://doi.org/10.1371/journal.pone.0083138
https://doi.org/10.1123/jpah.2021-0413
https://doi.org/10.3390/su14052705
https://doi.org/10.1111/sms.12669
https://doi.org/10.1080/09638288.2018.1432704
https://doi.org/10.1016/S0140-6736(12)60735-1
https://www.ncbi.nlm.nih.gov/pubmed/22818938
https://doi.org/10.3390/su13031139
https://doi.org/10.1155/2013/309506
https://doi.org/10.7752/jpes.2021.s3282
https://doi.org/10.1016/j.apmr.2011.08.042


Healthcare 2023, 11, 3160 17 of 18

63. Clegg, A.P.; Barber, S.E.; Young, J.B.; Forster, A.; Iliffe, S.J. Do Home-Based Exercise Interventions Improve Outcomes for Frail
Older People? Findings from a Systematic Review. Rev. Clin. Gerontol. 2012, 22, 68–78. [CrossRef]

64. Racey, M.; Ali, M.U.; Sherifali, D.; Fitzpatrick-Lewis, D.; Lewis, R.; Jovkovic, M.; Gramlich, L.; Keller, H.; Holroyd-Leduc, J.;
Giguère, A.; et al. Effectiveness of Nutrition Interventions and Combined Nutrition and Physical Activity Interventions in Older
Adults with Frailty or Prefrailty: A Systematic Review and Meta-Analysis. CMAJ Open 2021, 9, E744–E756. [CrossRef]

65. Daryanti Saragih, I.; Yang, Y.P.; Saragih, I.S.; Batubara, S.O.; Lin, C.J. Effects of Resistance Bands Exercise for Frail Older Adults:
A Systematic Review and Meta-Analysis of Randomised Controlled Studies. J. Clin. Nurs. 2022, 31, 43–61. [CrossRef] [PubMed]

66. Dedeyne, L.; Deschodt, M.; Verschueren, S.; Tournoy, J.; Gielen, E. Effects of Multi-Domain Interventions in (Pre)Frail Elderly on
Frailty, Functional, and Cognitive Status: A Systematic Review. Clin. Interv. Aging 2017, 12, 873–896. [CrossRef] [PubMed]

67. Liberman, K.; Forti, L.N.; Beyer, I.; Bautmans, I. The Effects of Exercise on Muscle Strength, Body Composition, Physical Functioning
and the Inflammatory Profile of Older Adults: A Systematic Review. Curr. Opin. Clin. Nutr. Metab. Care 2017, 20, 30–53. [CrossRef]
[PubMed]

68. Lopez, P.; Pinto, R.S.; Radaelli, R.; Rech, A.; Grazioli, R.; Izquierdo, M.; Cadore, E.L. Benefits of Resistance Training in Physically
Frail Elderly: A Systematic Review. Aging Clin. Exp. Res. 2017, 30, 889–899. [CrossRef] [PubMed]

69. Rossi, P.G.; Carnavale, B.F.; Farche, A.C.S.; Ansai, J.H.; de Andrade, L.P.; de, M. Takahashi, A.C. Effects of Physical Exercise on the
Cognition of Older Adults with Frailty Syndrome: A Systematic Review and Meta-Analysis of Randomized Trials. Arch. Gerontol.
Geriatr. 2021, 93, 104322. [CrossRef] [PubMed]

70. Weening-Dijksterhuis, E.; de Greef, M.H.G.; Scherder, E.J.A.; Slaets, J.P.J.; van der Schans, C.P. Frail Institutionalized Older
Persons. Am. J. Phys. Med. Rehabil. 2011, 90, 156–168. [CrossRef] [PubMed]

71. Fried, L.P.; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.J.; Burke, G.; et al.
Frailty in Older Adults: Evidence for a Phenotype. J. Gerontol. A Biol. Sci. Med. Sci. 2001, 56, M146–M157. [CrossRef]

72. Bibas, L.; Levi, M.; Bendayan, M.; Mullie, L.; Forman, D.E.; Afilalo, J. Therapeutic Interventions for Frail Elderly Patients: Part I:
Published Randomized Trials. Prog. Cardiovasc. Dis. 2014, 57, 134–143. [CrossRef]

73. Kidd, T.; Mold, F.; Jones, C.; Ream, E.; Grosvenor, W.; Sund-Levander, M.; Tingström, P.; Carey, N. What Are the Most Effective
Interventions to Improve Physical Performance in Pre-Frail and Frail Adults? A Systematic Review of Randomised Control Trials.
BMC Geriatr. 2019, 19, 184. [CrossRef]

74. Paw, M.J.C.A.; van Uffelen, J.G.; Riphagen, I.; Mechelen, W.V. The Functional Effects of Physical Exercise Training in Frail Older
People. Sports Med. 2008, 38, 781–793. [CrossRef]

75. Nash, K.C. The Effects of Exercise on Strength and Physical Performance in Frail Older People: A Systematic Review. Rev. Clin.
Gerontol. 2012, 22, 274–285. [CrossRef]

76. Daniels, R.; van Rossum, E.; De Witte, L.; Kempen, G.I.; Van Den Heuvel, W. Interventions to Prevent Disability in Frail
Community-Dwelling Elderly: A Systematic Review. BMC Health Serv. Res. 2008, 8, 278. [CrossRef]

77. Arantes, P.M.M.; Alencar, M.A.; Dias, R.C.; Dias, J.M.D.; Pereira, L.S.M. Atuação Da Fisioterapia Na Síndrome de Fragilidade:
Revisão Sistemática TT—Physical Therapy Treatment on Frailty Syndrome: Systematic Review. Braz. J. Phys. Ther. 2009, 13, 365–375.
[CrossRef]

78. Frost, R.; Belk, C.; Jovicic, A.; Ricciardi, F.; Kharicha, K.; Gardner, B.; Iliffe, S.; Goodman, C.; Manthorpe, J.; Drennan, V.M.; et al.
Health Promotion Interventions for Community-Dwelling Older People with Mild or Pre-Frailty: A Systematic Review and
Meta-Analysis. BMC Geriatr. 2017, 17, 157. [CrossRef] [PubMed]

79. Apóstolo, J.; Cooke, R.; Bobrowicz-Campos, E.; Santana, S.; Marcucci, M.; Cano, A.; Vollenbroek-Hutten, M.; Germini, F.;
D’Avanzo, B.; Gwyther, H.; et al. Effectiveness of Interventions to Prevent Pre-Frailty and Frailty Progression in Older Adults.
JBI Database Syst. Rev. Implement. Rep. 2018, 16, 140–232. [CrossRef] [PubMed]

80. Viladrosa, M.; Casanova, C.; Ghiorghies, A.C.; Jürschik, P. El Ejercicio Físico y Su Efectividad Sobre La Condición Física En
Personas Mayores Frágiles. Revisión Sistemática de Ensayos Clínicos Aleatorizados. Rev. Esp. Geriatr. Gerontol. 2017, 52, 332–341.
[CrossRef] [PubMed]

81. Arrieta, H.; Gil, S.M.; Irazusta, J.; Rodriguez-Larrad, A.; Rezola-Pardo, C. Physical Training Maintains or Improves Gait Ability
in Long-Term Nursing Home Residents: A Systematic Review of Randomized Controlled Trials. Maturitas 2017, 109, 45–52.
[CrossRef]

82. Ng, T.P.; Feng, L.L.; Nyunt, M.S.Z.; Feng, L.L.; Niti, M.; Tan, B.Y.; Chan, G.; Khoo, S.A.; Chan, S.M.; Yap, P.; et al. Nutritional,
Physical, Cognitive, and Combination Interventions and Frailty Reversal among Older Adults: A Randomized Controlled Trial.
Am. J. Med. 2015, 128, 1225–1236. [CrossRef]

83. Han, C.Y.; Miller, M.; Yaxley, A.; Baldwin, C.; Woodman, R.; Sharma, Y. Effectiveness of Combined Exercise and Nutrition Interventions
in Prefrail or Frail Older Hospitalised Patients: A Systematic Review and Meta-Analysis. BMJ Open 2020, 10, e040146. [CrossRef]

84. Zhao, W.; Hu, P.; Sun, W.; Wu, W.; Zhang, J.; Deng, H.; Huang, J.; Ukawa, S.; Lu, J.; Tamakoshi, A.; et al. Effect of Physical Activity
on the Risk of Frailty: A Systematic Review and Meta-Analysis. PLoS ONE 2022, 17, e0278226. [CrossRef]

85. Li, G.; Li, X.; Chen, L. Effects of Virtual Reality-Based Interventions on the Physical and Mental Health of Older Residents in
Long-Term Care Facilities: A Systematic Review. Int. J. Nurs. Stud. 2022, 136, 104378. [CrossRef] [PubMed]

86. Di Lorito, C.; Bosco, A.; Rai, H.; Craven, M.; McNally, D.; Todd, C.; Booth, V.; Cowley, A.; Howe, L.; Harwood, R.H. A Systematic
Literature Review and Meta-Analysis on Digital Health Interventions for People Living with Dementia and Mild Cognitive
Impairment. Int. J. Geriatr. Psychiatry 2022, 37. [CrossRef] [PubMed]

https://doi.org/10.1017/S0959259811000165
https://doi.org/10.9778/cmajo.20200248
https://doi.org/10.1111/jocn.15950
https://www.ncbi.nlm.nih.gov/pubmed/34289511
https://doi.org/10.2147/CIA.S130794
https://www.ncbi.nlm.nih.gov/pubmed/28579766
https://doi.org/10.1097/MCO.0000000000000335
https://www.ncbi.nlm.nih.gov/pubmed/27755209
https://doi.org/10.1007/s40520-017-0863-z
https://www.ncbi.nlm.nih.gov/pubmed/29188577
https://doi.org/10.1016/j.archger.2020.104322
https://www.ncbi.nlm.nih.gov/pubmed/33360014
https://doi.org/10.1097/PHM.0b013e3181f703ef
https://www.ncbi.nlm.nih.gov/pubmed/20881587
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1016/j.pcad.2014.07.004
https://doi.org/10.1186/s12877-019-1196-x
https://doi.org/10.2165/00007256-200838090-00006
https://doi.org/10.1017/S0959259812000111
https://doi.org/10.1186/1472-6963-8-278
https://doi.org/10.1590/S1413-35552009005000061
https://doi.org/10.1186/s12877-017-0547-8
https://www.ncbi.nlm.nih.gov/pubmed/28728570
https://doi.org/10.11124/JBISRIR-2017-003382
https://www.ncbi.nlm.nih.gov/pubmed/29324562
https://doi.org/10.1016/j.regg.2017.05.009
https://www.ncbi.nlm.nih.gov/pubmed/28641903
https://doi.org/10.1016/j.maturitas.2017.12.003
https://doi.org/10.1016/j.amjmed.2015.06.017
https://doi.org/10.1136/bmjopen-2020-040146
https://doi.org/10.1371/journal.pone.0278226
https://doi.org/10.1016/j.ijnurstu.2022.104378
https://www.ncbi.nlm.nih.gov/pubmed/36356548
https://doi.org/10.1002/gps.5730
https://www.ncbi.nlm.nih.gov/pubmed/35588315


Healthcare 2023, 11, 3160 18 of 18

87. Falck, R.S.; Davis, J.C.; Best, J.R.; Crockett, R.A.; Liu-Ambrose, T. Impact of Exercise Training on Physical and Cognitive Function
among Older Adults: A Systematic Review and Meta-Analysis. Neurobiol. Aging 2019, 79, 119–130. [CrossRef] [PubMed]

88. Tam, A.C.Y.; Chan, A.W.Y.; Cheung, D.S.K.; Ho, L.Y.W.; Tang, A.S.K.; Christensen, M.; Tse, M.M.Y.; Kwan, R.Y.C. The Effects of
Interventions to Enhance Cognitive and Physical Functions in Older People with Cognitive Frailty: A Systematic Review and
Meta-Analysis. Eur. Rev. Aging Phys. Act. 2022, 19, 19. [CrossRef] [PubMed]

89. Zhou, S.; Chen, S.; Liu, X.; Zhang, Y.; Zhao, M.; Li, W. Physical Activity Improves Cognition and Activities of Daily Living in
Adults with Alzheimer’s Disease: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Int. J. Environ. Res.
Public Health 2022, 19, 1216. [CrossRef]

90. Swinnen, N.; Vandenbulcke, M.; Vancampfort, D. Exergames in People with Major Neurocognitive Disorder: A Systematic
Review. Disabil. Rehabil. Assist. Technol. 2020, 17, 376–389. [CrossRef]

91. Campbell, M.; McKenzie, J.E.; Sowden, A.; Katikireddi, S.V.; Brennan, S.E.; Ellis, S.; Hartmann-Boyce, J.; Ryan, R.; Shepperd, S.;
Thomas, J.; et al. Synthesis without Meta-Analysis (SWiM) in Systematic Reviews: Reporting Guideline. BMJ 2020, 368, l6890.
[CrossRef]

92. Williams, A.; Lennox, L.; Harris, M.; Antonacci, G. Supporting Translation of Research Evidence into Practice—The Use of
Normalisation Process Theory to Assess and Inform Implementation within Randomised Controlled Trials: A Systematic Review.
Implement. Sci. 2023, 18, 55. [CrossRef]

93. Shea, B.J.; Grimshaw, J.M.; Wells, G.A.; Boers, M.; Andersson, N.; Hamel, C.; Porter, A.C.; Tugwell, P.; Moher, D.; Bouter, L.M.
Development of AMSTAR: A Measurement Tool to Assess the Methodological Quality of Systematic Reviews. BMC Med. Res.
Methodol. 2007, 7, 10. [CrossRef]

94. Stout, N.L.; Baima, J.; Swisher, A.K.; Winters-Stone, K.M.; Welsh, J. A Systematic Review of Exercise Systematic Reviews in the
Cancer Literature (2005–2017). PM&R 2017, 9, S347–S384. [CrossRef]

95. Jiang, M.; Ma, Y.; Yun, B.; Wang, Q.; Huang, C.; Han, L. Exercise for Fatigue in Breast Cancer Patients: An Umbrella Review of
Systematic Reviews. Int. J. Nurs. Sci. 2020, 7, 248–254. [CrossRef] [PubMed]

96. Simera, I.; Moher, D.; Hirst, A.; Hoey, J.; Schulz, K.F.; Altman, D.G. Transparent and Accurate Reporting Increases Reliability,
Utility, and Impact of Your Research: Reporting Guidelines and the EQUATOR Network. BMC Med. 2010, 8, 24. [CrossRef]

97. Smart, N.A.; Waldron, M.; Ismail, H.; Giallauria, F.; Vigorito, C.; Cornelissen, V.; Dieberg, G. Validation of a New Tool for the
Assessment of Study Quality and Reporting in Exercise Training Studies: TESTEX. Int. J. Evid.-Based Healthc. 2015, 13, 9–18.
[CrossRef]

98. Clemmensen, F.K.; Hoffmann, K.; Siersma, V.; Sobol, N.; Beyer, N.; Andersen, B.B.; Vogel, A.; Lolk, A.; Gottrup, H.; Høgh, P.; et al.
The Role of Physical and Cognitive Function in Performance of Activities of Daily Living in Patients with Mild-to-Moderate
Alzheimer’s Disease—A Cross-Sectional Study. BMC Geriatr. 2020, 20, 513. [CrossRef] [PubMed]

99. Baylis, D.; Bartlett, D.B.; Syddall, H.E.; Ntani, G.; Gale, C.R.; Cooper, C.; Lord, J.M.; Sayer, A.A. Immune-Endocrine Biomarkers as
Predictors of Frailty and Mortality: A 10-Year Longitudinal Study in Community-Dwelling Older People. Age 2013, 35, 963–971.
[CrossRef] [PubMed]

100. de Barros, M.P.; Bachi, A.L.L.; de, M.B. dos Santos, J.; Lambertucci, R.H.; Ishihara, R.; Polotow, T.G.; Caldo-Silva, A.; Valente,
P.A.; Hogervorst, E.; Furtado, G.E. The Poorly Conducted Orchestra of Steroid Hormones, Oxidative Stress and Inflammation in
Frailty Needs a Maestro: Regular Physical Exercise. Exp. Gerontol. 2021, 155, 111562. [CrossRef]

101. Bácsné-Bába, É.; Gergely, R.; Pfau, C.; Müller, A.; Szabados, G.N. Sustainability-Sport-Physical Activity. Int. J. Environ. Res. Public
Health 2021, 18, 1455. [CrossRef]

102. Chen, M.; Jeronen, E.; Wang, A. Toward Environmental Sustainability, Health, and Equity: How the Psychological Characteristics of
College Students Are Reflected in Understanding Sustainable Development Goals. Int. J. Environ. Res. Public Health 2021, 18, 8217.
[CrossRef]

103. Klaperski-van der Wal, S. Sport and Exercise Psychology and the UN’s Sustainable Development Goals: Reflections and
Suggestions. Asian J. Sport Exerc. Psychol. 2022, 2, 175–181. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.neurobiolaging.2019.03.007
https://www.ncbi.nlm.nih.gov/pubmed/31051329
https://doi.org/10.1186/s11556-022-00299-9
https://www.ncbi.nlm.nih.gov/pubmed/36002799
https://doi.org/10.3390/ijerph19031216
https://doi.org/10.1080/17483107.2020.1785566
https://doi.org/10.1136/bmj.l6890
https://doi.org/10.1186/s13012-023-01311-1
https://doi.org/10.1186/1471-2288-7-10
https://doi.org/10.1016/j.pmrj.2017.07.074
https://doi.org/10.1016/j.ijnss.2020.03.001
https://www.ncbi.nlm.nih.gov/pubmed/32685623
https://doi.org/10.1186/1741-7015-8-24
https://doi.org/10.1097/XEB.0000000000000020
https://doi.org/10.1186/s12877-020-01926-9
https://www.ncbi.nlm.nih.gov/pubmed/33246408
https://doi.org/10.1007/s11357-012-9396-8
https://www.ncbi.nlm.nih.gov/pubmed/22388931
https://doi.org/10.1016/j.exger.2021.111562
https://doi.org/10.3390/ijerph18041455
https://doi.org/10.3390/ijerph18158217
https://doi.org/10.1016/j.ajsep.2022.06.004

	Introduction 
	Method 
	Search Strategy 
	Inclusion Criteria 
	Exclusion Criteria 
	Screening of the Quality of Evidence 
	Data Extraction and Synthesis 
	Elements Related to the Sustainability of Exercise Intervention Programs 

	Results 
	Studies Selection 
	Quality of Evidence 
	General Characteristics of Included SRs 
	Excluded SR Studies 
	Emerging Brain Health Outcomes 
	Cognitive Status 
	Psychosocial Status and (Health) Behavior 
	Health-Related Quality of Life 
	Fear of Falling, Disability, and Activities of Daily Life 
	Biochemical Markers Related to the Neuroendocrine System 

	Sustainability Key Elements 

	Discussion 
	Quality of Evidence and Methodological Rigor 
	Emerging Brain Health Outcomes 
	Sustainability of Exercise Intervention 
	Strengths and Limitations 
	Future Directions and Practical Implications 

	Conclusions 
	References

